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Abstract
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Pancreatic cancer remains a lethal disease and is
associated with poor prognosis, particularly for
patients with distant metastasis at diagnosis. Recently,
Oweira reported a retrospective study that included
13233 metastatic pancreatic cancer patients from the
Surveillance, Epidemiology and End Results database.
They demonstrated that pancreatic cancer patients with
isolated liver metastases had worse outcomes than
patients with isolated lung metastases or distant nodal
metastases. At present, the standard treatment for
metastatic pancreatic cancer is chemotherapy. However,
improvement in the safety of pancreatic surgery has
led to the consideration of more aggressive surgical
approaches. Schneitler reported two cases of hepatic
metastatic pancreatic cancer in which negative margin
(R0) resection and long survival were achieved after
effective preoperative chemotherapy. In general, these
two studies indicate that although pancreatic cancer
patients with liver metastasis have a poor prognosis,
surgical approaches may prolong survival for a few of
these patients. A strategy to select hepatic metastatic
pancreatic cancer patients who may benefit from
surgical intervention is urgently needed.
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distant lymph nodes). Survival analysis indicated that
pancreatic cancer patients with isolated liver metastases
had worse outcomes than patients with isolated lung
metastases or distant nodal metastases. This research
demonstrated that we can reasonably provide different
treatment strategies for pancreatic cancer patients with
metastases at different sites.
[9]
Another interesting study by Schneitler et al in
World Journal of Gastroenterology merits attention.
Two cases of hepatic metastatic pancreatic cancer were
described in which negative margin (R0) resection
and long survival were achieved after a preoperative
FOLFIRINOX chemotherapy regimen consisting of
Fluorouracil (5-FU), folinic acid, irinotecan and oxaliplatin.
This study showed that certain pancreatic cancer
patients with liver metastasis would benefit from surgical
resection after effective chemotherapy.
Taken together, the results of these two studies
indicate that although pancreatic cancer patients
with liver metastasis generally have poor prognoses,
surgical approaches may prolong survival for a few
of these patients. There is increasing agreement
that synchronous resection of pancreatic cancer and
pancreatic liver metastases should be performed in a
[10,11]
highly selective manner in some patients
. Thus,
the determination of how to select for and then treat
patients who would benefit from such approaches is
urgently required.

Core tip: Pancreatic cancer patients with liver metastasis
have worse prognoses than pancreatic cancer patients
with metastasis at other sites. Improvement in the
safety of pancreatic surgery has led to the consideration
of more aggressive approaches. There is increasing
agreement that synchronous resection of pancreatic
cancer and liver metastases may selectively benefit
some patients. A prospective multicenter, randomized,
controlled phase three trial has been launched by the
Chinese Study Group for Pancreatic Cancer with a goal
of establishing such a selection strategy.
Shi S, Yu XJ. Time to think: Selecting patients who may benefit
from synchronous resection of primary pancreatic cancer and
liver metastases. World J Gastroenterol 2018; 24(33): 3677-3680
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i33/3677.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i33.3677

INTRODUCTION
Pancreatic cancer remains a challenging disease to treat
[1,2]
and is associated with a poor prognosis . Surgery
remains the only curative treatment and provides
an opportunity for long-term survival. Unfortunately,
however, approximately 50% of pancreatic cancer
patients are diagnosed with distant metastases; these
patients are then deemed incurable and are generally
not considered to be suitable for radical surgeries
[3]
with curative intent . At present, chemotherapy is
the standard treatment for patients with metastatic
pancreatic cancer. However, improvement in the safety
of pancreatic surgery has led to the consideration of
more aggressive approaches. Synchronous resection
of primary tumors and metastatic sites continues to
[4-6]
be attempted
. Synchronous pancreas and liver
resection procedures account for the largest proportion
of these attempts. However, the most relevant studies
have only indicated the safety of such operations, which
have failed to produce survival benefits. Nevertheless,
there are many case reports demonstrating that certain
pancreatic cancer patients can achieve long-term
survival after resection of both the primary tumor and
[7,8]
liver metastases .

PERSPECTIVE
In 1995, Hellman and Weichselbaum first proposed
the clinically significant condition of oligometastasis,
which is a state between local and systemic disease,
and advocated for the potential for curative local
[12]
treatments . Further studies have identified distinct
biological differences between limited metastatic lesions
and widely disseminated disease for multiple tumor
[13-15]
types, including pancreatic cancer
. Radical surgery
to treat both primary and metastatic sites has been
accepted and conducted for an increasing number of
[16-18]
tumor types
. Thus, pancreatic cancer patients
with few liver metastases may benefit from aggressive
[5]
surgical approaches. Zanini et al indicated that the
number of liver metastases had a detrimental effect on
survival after surgical resection. However, the number of
liver metastases alone is insufficient to identify patients
who are likely to be surgically cured and achieve
improved overall survival.
Chemosensitivity is another important factor that
could influence long-term survival and should therefore
also be considered and evaluated. In previous studies
on surgical resection of primary pancreatic cancer,
preoperative chemotherapy was more common than
[19,20]
direct surgery for three reasons
. First, recurrence and
new metastases were observed within a short time after
[5]
surgery and were the main causes of surgical failure .
Preoperative chemotherapy can inhibit tumor activity

STUDY ANALYSIS
In a recent issue of World Journal of Gastroenterology,
Oweira reported a retrospective study performed
using data from the Surveillance, Epidemiology and
End Results database. A total of 13233 patients with
stage IV pancreatic cancer and distant metastases
at known sites were included for analysis. Metastatic
pancreatic cancer patients were classified according
to the site of metastases (liver, lungs, bone, brain or
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and increase both the R0 and negative lymph node
[21]
(N0) rates . Second, the preoperative chemotherapy
period can provide an opportunity to verify biological
characteristics of cancers and select patients with less
[22,23]
aggressive tumors
. Last, tumor burden may be
reduced after preoperative chemotherapy, resulting in
decreased surgical difficulty and increased safety.
Another important issue is the time at which to
conduct surgical intervention. Although Response
Evaluation Criteria In Solid Tumors (RECIST) are
commonly employed to evaluate the efficacy of
chemotherapy, these criteria are not appropriate for
determining the optimal time point for an operation.
Carbohydrate antigen 19-9 (CA19-9) is the most
commonly used serum tumor marker of pancreatic
cancer. It has been reported that CA19-9 response could
be used to improve the selection of borderline and locally
advanced pancreatic cancer patients who can benefit
[24]
from resection after primary chemotherapy . This
conclusion may also be generalized to pancreatic cancer
patients with liver metastases. However, approximately
five to ten percent of the population are Lewis-negative
individuals; it is known that such individuals exhibit little
to no CA19-9 secretion (34, 35). Carbohydrate antigen
125 and carcinoembryonic antigen are alternative
markers because they are the most common serum
tumor markers for pancreatic cancer other than CA19-9.
In addition, the capacity for resection of both the primary
tumor and liver metastases should be carefully evaluated
before surgical intervention.
Based on the above ideas, the Chinese Study
Group for Pancreatic Cancer (CSPAC) has launched a
prospective multicenter, randomized, controlled phase
three trial (NCT03398291) named CSPAC-1. Their goal
is to establish a treatment strategy to select patients
who can benefit from simultaneous resection of primary
pancreatic cancer and liver metastatic sites. The results
of this trial are planned to be released in 2025; we are
looking forward to their release because they may alter
current the treatment modes for pancreatic cancer.
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Abstract
Fecal calprotectin (FC) has emerged as one of the most
useful tools for clinical management of inflammatory
bowel diseases (IBD). Many different methods of
assessment have been developed and different cutoffs have been suggested for different clinical settings.
We carried out a comprehensive literature review of
the most relevant FC-related topics: the role of FC
in discriminating between IBD and irritable bowel
syndrome (IBS) and its use in managing IBD patients
In patients with intestinal symptoms, due to the high
negative predictive value a normal FC level reliably
rules out active IBD. In IBD patients a correlation with
both mucosal healing and histology was found, and
there is increasing evidence that FC assessment can be
helpful in monitoring disease activity and response to
therapy as well as in predicting relapse, post-operative
recurrence or pouchitis. Recently, its use in the context
of a treat-to-target approach led to a better outcome
than clinically-based therapy adjustment in patients with
early Crohn’s disease. In conclusion, FC measurement
represents a cheap, safe and reliable test, easy to
perform and with a good reproducibility. The main
concerns are still related to the choice of the optimal
cut-off, both for differentiating IBD from IBS, and for
the management of IBD patients.
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bowel syndrome

In a more recent study, however, calprotectin
concentrations in stool samples were unchanged only
for 3 d at room temperature, while after 7 d a significant
[12]
decrease (p < 0.01) was found .

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This manuscript is a review of current literature
on clinical use of fecal calprotectin in distinguishing
irritable bowel syndrome from inflammatory bowel
diseases and in the long-term management of
inflammatory bowel disease patients, which includes
monitoring of disease activity, response to therapy,
disease relapse and post-operative recurrence. Concerns
about the optimal cut-off in different settings have also
been discussed.

Variability

Day-to-day variation of FC was demonstrated by
[13]
Husebay et al in patients without colonic inflammation
[14]
or neoplasm and confirmed by Moum et al , in patients
with mild-to-moderate active CD, where significant
differences in 63 pairs of stool samples collected in 2
consecutive days were found. A lower variability was
observed in fecal samples collected for 3 d from 93
[15]
[16]
CD patients in clinical remission . Dobrzanski et al
confirmed that variability seems to be relevant only in
active IBD, particularly in UC where large amounts of
mucus and blood are present in stools.
The most reliable results were provided by analyzing
3 in-wk samples from the first bowel movement in the
[12]
morning . Higher variability was found in patients
with the highest levels of FC; further, the test results
were influenced by the sample consistency and by the
interval between the bowel movements, supposedly
related to the accumulation of leukocyte-derived
proteins in the gut lumen.
A good correlation was found between the FC
concentrations assessed in two randomly different
[12]
samples collected from the same bowel movement .
[6]
Calafat et al did not find any influence of the timing
of stools sampling, or the presence of blood on FC
concentrations, in particular in patients with moderate-tosevere active UC, where the decision-making strategies
based on single quantitative FC determinations are not
advisable.

Mumolo MG, Bertani L, Ceccarelli L, Laino G, Di Fluri G,
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calprotectin in inflammatory bowel diseases clinical setting.
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URL: http://www.wjgnet.com/1007-9327/full/v24/i33/3681.htm
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INTRODUCTION
Calprotectin is a 36 kDa calcium and zinc binding
protein, which represent about 60% of soluble proteins
[1]
of the cytoplasm of granulocytes . It is heat and
proteolysis resistant heterocomplex of S100A8 and
S100A9 consisting of 2 heavy (14 kDa) e 1 light (8 kDa)
2+
chains, each binding 2 Ca .
Functions of calprotectin include: competitive
inhibition of zinc-dependent enzymes, potential biostatic
activity against microbes through chelation of zinc ions,
apoptosis induction in malignant cells, and regulation of
[2,3]
the inflammatory process .
Fecal calprotectin (FC) is one of the most sensitive
non-invasive marker in distinguishing inflammatory
bowel diseases (IBD) from functional disorders. Several
factors, however, may influence FC levels, such as
[4]
[5]
colonic cleansing , age, diet, exercise , and the faecal
[6]
amount of mucus or blood in stools .
A further limitation is a low specificity in discriminating
ulcerative colitis (UC) from Crohn’s disease (CD), active
IBD from non-IBD intestinal inflammation (infections,
non-steroidal anti-inflammatory drugs-related damage,
cancer, diverticulitis). FC is a more sensitive marker than
C-reactive protein (CRP) for detection of mild mucosal
inflammation, although in severely active cases CRP
[7,8]
better reflects systemic inflammation .

Methods of assessment

Different methods can be used for the quantitative
assessment of FC, most of them based on the enzymelinked immunosorbent assay (ELISA); chemiluminescence
immunoassays (CLIA), fluoro enzyme immunoassays
(FEIA) and particle enhanced turbidimetric immunoassays
(PETIA) were also introduced.
[17]
Oyaert et al compared six automated immunoassays:
Thermo Fisher EliA Calprotectin assay on the Phadia
250 (Thermo Fisher Scientific, Uppsala, Sweden),
Diasorin Calprotectin assay on the Liaison (Diasorin
S.P.A., Saluggia, Italy), Inova QUANTA Flash Calprotectin
(research use only) on the Inova BIO-FLASH instrument
(Inova Diagnostics, San Diego, CA, United States),
Bühlmann fCAL Turbo (Bühlmann Laboratories AG,
Schönenbuch, Switzerland) on the Roche Cobas c501
(Roche Diagnostics, Mannheim, Germany), Euroimmun
Calprotectin assay (Euroimmun; Lübeck, Germany),
on an automated ELISA instrument (QUANTA-Lyser 2,
Inova) and Orgentec Calprotectin assay on the Alegria
(Orgentec Diagnostika, Mainz, Germany). The authors
found that all assays had a sensitivity of 100% when
the cut-off of the manufacturer was used (i.e., 50 μg/g),

Pitfalls in FC assessment
Stability

Roseth, in 1992, demonstrated the stability of calprotectin
[9,10]
in stools for up to 7 d at room temperature
, which
[11]
offers advantages for its use in clinical practice .
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Table 1 Fecal calprotectin cut off values and performance in different populations
Ref.
Lin et al[23]

Limburg et al[24]
Von Roon et al[25]

D’Haens et al[27]

Sipponen et al[29]

Kittanakom et al[21]

Vazquez Moron et al[31]

Patients and disease (n )

Cut-off

Sensitivity (%)

Specificity (%)

1471 IBD (active vs inactive)

50 μg/g
100 μg/g
150 μg/g
100 μg/g

92
84
80
83

60
66
82
83

50 μg/g
100 μg/g
250 μg/g
250 μg/g

89
98
60.4
94

81
91
79.5
62.2

250 μg/g
50 μg/g
100 μg/g
200 μg/g
400 μg/g
(PhiCal Calprotectin - EIA)
500 μg/g (Buhlmann POCT)
800 μg/g
(EliA-Calprotectin)

71
91
81
70
100

100
44
69
92
75.9

100

75.9

100
77.6

75.9
95.5

110 patients with chronic diarrhea
(prediction of inflammation)
IBD vs no IBD
1267
328
126 IBD (large ulcers)
87 CD (Endoscopic remission)
39 UC (Active mucosal disease)
77 CD (active vs inactive)

40 inactive pediatric CD (prediction of
relapse)

71 CD (active vs inactive)

170 μg/g

IBD: Inflammatory bowel diseases; UC: Ulcerative colitis; CD: Crohn’s disease.

while the specificity at the same cut-off value ranged
from 58.4% to 78.5%.
Furthermore, while qualitative correlation among
the methods from the different manufacturers was
found to be good, quantitative agreement was poor,
which means that the result of one method cannot
be replaced by the result of another. This data are in
line with a study from the United Kingdom National
External Quality Assessment Service, where up to
3.8-fold differences among methods from different
[18]
manufacturers were observed . This suggests that the
antibodies used in the different assays were directed
against different protein complexes. Alternatively, the
difference could be explained by the use of different
antibodies (monoclonal vs polyclonal) of different origins
(recombinant vs native) with different immunoassay
techniques (ELISA vs PETIA vs CLIA vs FEIA).
Further quantitative tests for calprotectin are avail
®
able including the Quantum Blue Calprotectin Rapid
Test (Bühlmann Laboratories AG, Schönenbuch,
Switzerland), which has been shown to be a suitable
[19]
alternative to ELISA in a clinical setting , although an
®
overestimation of FC levels in comparison with Calprest
[20]
ELISA test was found .
In pediatric IBD patients, an automated ELISA
test (Bühlmann PhiCal Calprotectin-EIA) , an EliA
(Phadia 250 EliA-Calprotectin), and Bühlmann
immunochromatographic Point-of-Care Test (POCT )
[21]
displayed similar performance in predicting relapse .

used and the population that the tests were applied
to (Table 1), a cut/off value of 50 μg/g of FC has
been the most commonly adopted both in literature
and by commercially available ELISA kits, for adults
and children over 4 years to differentiate IBD from
[22]
[23]
other forms of inflammation . Moreover, Lin et al
suggested 50 μg/g as a screening cut-off value for
further endoscopy examination in clinical practice, with
specificity of 60% and pooled sensitivity of 92%.
A single cut-off level of 100 μg/g was agreed by an
expert panel as appropriate for this purpose based on
results from previous studies, which reported increased
diagnostic precision for discrimination of colorectal
inflammation in patients with CD and UC at this cut[24,25]
off
; a higher cut-off level would be desirable to
maximize the negative predictive value (NPV) and
reduce incorrect diagnoses of IBD.
A negative test result at the lowest cut-off level (30
to 50 μg/g) suggests a diagnosis of a non-inflammatory
condition, such as irritable bowel syndrome (IBS). A
positive result at the cut-off of 100 μg/g may indicate
IBS, with the recommendation to repeat the test in 6
[26]
wk to confirm the initial result .
As the cut-off value increases, sensitivity becomes
lower and specificity higher. A FC value of 250 μg/g was
deemed appropriate for monitoring disease activity in
[27]
IBD. D’Haens et al examinated 126 IBD patients (87
CD and 39 UC) and proposed a FC cut-off of 250 μg/g
for indicating IBD remission.
The same cut-off was recommended by a recent
[28]
meta-analysis to contemplate escalating therapy with
pooled sensitivity of 80% and specificity of 82%; in UC
the test performed better than in CD.

Cut-off

Although many studies have suggested different cutoff values, which take into account the type of assay
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85

Sensitivity

80

Specificity
PPV

75

NPV

70

65

60
Sens = 85%

Spec = 78.8%

PPV = 71.5%

NPV = 81.5%

Figure 1 Pooled fecal calprotectin sensitivities, specificities, positive predictive value and negative predictive value of fecal calprotectin in discriminating
between intestinal inflammation and functional disorders. PPV: Positive predictive value; NPV: Negative predictive value.
[29]

An earlier study by Sipponen et al proposed a cutoff value of 200 μg/g for identification of endoscopically
inactive CD. In another study of 115 CD patients, FC
less than 300 μg/g was associated with a reduced risk
[30]
of disease relapse .
Even a 400 μg/g cut-off was agreed by an expert
panel with 1000 μg/g proposed for monitoring response
[26]
to therapy in patients with severe active IBD .
In pediatric patients the optimal FC cut-offs to
differentiate active from inactive IBD were 400,
500, and 800 μg/g measured by different methods
(PhiCal Calprotectin-EIA, Bühlmann POCT, and EliA[21]
Calprotectin) .
In CD, FC concentration of ≥ 170 μg/g predicted
endoscopic activity with 77.6% sensitivity, 95.5%
specificity and likelihood ratio +17.06, while values
≤ 71 μg/g were predictive of mucosal healing with
sensitivity of 95.9%, specificity of 52.3% and likelihood
[31]
ratio -0.08 .
Larger prospective studies were suggested to be
carried out to validate the cut-off values in clinical
practice for UC, using endoscopy as a reference. Once
established for UC, cut-off values for CD could then be
developed and validated, although harder to establish
due to the lack of consistent evidence. In addition, small
bowel disease activity is reflected by FC correlates less
[32,33]
reliably than in case of colonic involvement
.

immunomodulatory factors in human milk on the gut
[28]
mucosa .
A statistical difference was found between FC in
healthy children aged 1-3 mo and those aged 3-6 mo
(375.2 μg/g vs 217.9 μg/g, p < 0.001), as well as
between 1-6 mo and 6-18 mo (median: 282.7 μg/g vs
[28]
114.9 μg/g; p < 0.001) . The results clearly indicate
that different cut-offs are necessary for children less
[35]
than 4 years old. Oord et al
proposed 538 μg/g for
1-6 mo, 214 μg/g for 6 mo-3 years, and 75 μg/g for 3-4
years.
Finally, in newborns FC concentrations may increase
up to 30% when the sample is collected from a diaper,
which may be explained by the water absorption into
[35]
the diaper .

FC in discriminating between IBD
and IBS
The role of FC as a screening test to differentiate patients
with IBD from IBS was firstly proposed by Tibble and co[36,37]
workers
who demonstrated the high sensitivity and
high NPV of the test. In a population of 602 unselected
patients with intestinal symptoms, FC levels < 30 µg/g
and Rome I criteria positivity were highly predictive for
[38]
not having IBD . Since then, a considerable body of
literature has been published corroborating these results
(Figure 1), yet with wide variation in reported sensitivity
and specificity, which may be related to the use of
different ELISA kits, different patients populations and
[39]
different cut off values. Summerton and colleagues
reported sensitivity and specificity in line with Tibble,
[40]
while Carroccio et al in a prospective study carried out
in adults and children with chronic diarrhea of unknown
origin found similar specificity (84%), but lower sensitivity
(66%), attributed by the authors to the high number
among their referrals of possible celiac patients, where
FC levels are usually low. A major problem is represented
by the assessment of the optimal threshold, as many
authors used only the manifacturer’s recommended

Age-related concerns

FC levels have a significant negative correlation with
[28]
age . Children in the first months of life have high FC
concentrations, which could reflect an increased transepithelial migration of either granulocytes or newly
recruited macrophages as well as inability to regulate
the microbial gut flora related to immaturity of the
[28]
mucosal barrier function . The increase of intestinal
permeability during the first weeks of life was suggested
[34]
in healthy newborns with high FC levels . The type
of feeding also influences FC concentrations: breastfed
infants have higher FC levels than non-breastfed ones
in the first months of life, reflecting the influence of
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cut offs, mostly 50 µg/g. In the first study carried out
[41]
on southern European patients by our group , the
ROC curve showed that a value of 60 µg/g offered a
diagnostic accuracy of 83% with sensitivity, specificity,
positive predictive value (PPV) and NPV of 81%, 88%,
[42]
93% and 71% respectively. Li et al
found median
FC concentrations of 466 µg/g in patients with chronic
inflammation, 159 µg/g in colorectal cancer and 12.21
µg/g, not statistically different from healthy subjects
[8]
and IBS patients. In a prospective study where the
accuracy of fecal markers, CRP, blood leucocytes,
pASCA and pANCA for differentiating IBD from IBS
was assessed, fecal tests performed best with overall
accuracy of 90% and 89% for fecal lactoferrin (FL) and
FC respectively. These results were confirmed by Otten
[43]
et al , who found sensitivity and NPV of 100% for FC
[44]
and 78% and 95% for FL, and by Langhorst et al
who reported in active UC significantly higher FL and FC
levels (152 and 103.5 µg/g respectively) in comparison
with IBS (8.3 and 18.6 µg/g)
In the first study which assessed the role of FC in
routine general practice in 962 patients with persistent
[45]
gastrointestinal symptoms , at the manufacturer’s cutoff of 50 µg/g the NPV was 98% while PPV dropped to
a disappointing 28%, showing the impact of evaluating
a population with a low prevalence of organic disease
on the test performance. Increasing the cut off to 150
µg/g the PPV raised to 71%, saving an acceptable
69% sensitivity. In the systematic review by Waugh
[46]
et al evaluating FC testing for distinguishing between
inflammatory and non-inflammatory bowel diseases,
28 studies in both adult and pediatric populations
where included; at a cut off level of 50 µg/g, FC showed
in adults a pooled sensitivity of 93% (83%-100%),
while the specificity ranged between 60% and 100%
with a pooled value of 94%. In pediatric patients, at
the same cut off sensitivity and specificity ranged from
95% to 100% and from 44% to 93% respectively ; for
overlap values between 50 µg/g and 150 µg/g repeated
assessments were suggested; point-of-care and ELISA
testing proved equally reliable and in a primary care
setting FC turned out to reduce the number of referrals
and endoscopies.
The potential of FC to discriminate between intes
tinal inflammation and functional disorders has been
highlighted by a large number of further studies. Chang
[47]
et al confirmed significantly higher FC values in IBD
than in IBS and healthy controls (p < 0.0001). Using the
[48]
manufacturer cut off value Caviglia et al found 100%
sensitivity and NPV (with corresponding specificity and
PPV 52.4% and 70.6%) for discriminating between
patients with and without intestinal inflammation;
[49]
similar results were reported by Banerjee et al . In a
systematic online database search, at ≤ 40 µg/g, less
[50]
than 1% probability of having IBD was reported .
Lower values (76% sensitivity and 53% NPP) where
[51]
reported by Fu et al
in a comparative study among
fecal B cell-activating factor, FC and fecal occult blood
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test.
[52]
Adopting a cut off value > 164 µg/g Kalantari et al
found sensitivity and specificity of 57% and 75% re
spectively for discrimination between UC and IBS.
In conclusion, FC is currently the most widely used
fecal marker for differentiating between IBD and IBS;
due to the high NPV it is highly accurate in ruling out
intestinal inflammation both in primary and secondary
care. Among IBD patients apparently in remission with
IBS-like symptoms, FC tends to be significantly higher
than in IBS, suggesting the presence of an undercurrent
[53,54]
low-grade inflammation
.

FC in IBD
Monitoring the disease activity

As IBD are chronic relapsing diseases, regular monitoring
is needed for prediction of imminent flares and for
[55]
tailoring treatment ; it includes clinical, biochemical,
endoscopic and histologic evaluations.
Many physicians treating IBD still adopt a clinically[56]
based management , even if recent data suggest
that many IBD patients in clinical remission still have
[57]
subclinical mucosal inflammation . FC is correlated
with clinical activity evaluated either by Sutherland
[58]
[59]
criteria or Partial Mayo Score . In a study by Xiang
[58]
et al , FC concentrations were useful to discriminate
patients with active UC, inactive UC and control, with a
cut-off point of 50 μg/g showing 91.9% sensitivity and
79.4% specificity; in patients with UC, FC had a better
correlation with clinical activity than CRP. Moreover, in
a prospective study, FC assessment after 3 mo of the
initial treatment could predict the clinical course of UC
[60]
patients after 3 years of follow up .
Although colonoscopy is considered the gold standard
to assess disease activity, current ECCO guidelines
emphasize that routine endoscopy for IBD patients in
clinical remission is unnecessary, unless it is likely to
[61]
change patient management . Therefore, a marker
reflecting intestinal inflammation in patients in clinical
remission is needed. Many studies showed that FC is
the most promising noninvasive marker for assessing
[27]
mucosal inflammation. In a study by D’Haens et al
FC had a significant correlation with endoscopic disease
scores in both CD and in UC: a cut-off value of 250 μg/g
suggested the presence of large ulcers with sensitivity
of 60.4%, specificity of 79.5%, PPV 78.4% and NPV
62.0%) in CD, while in UC, a FC > 250 μg/g gave a
sensitivity of 71.0% and a specificity of 100.0% (PPV
100.0%, NPV 47.1%) for mucosal disease activity (Mayo
> 0). In UC, FC levels reflect the degree of inflammation
[10]
rather than the disease extent .
Interestingly, FC were significantly related to
symptom scores in UC (r = 0.561, P < 0.001), but
[62]
not in CD. A study by Theede et al
found a strong
correlation both with Mayo Endoscopic Score and
Ulcerative Colitis Endoscopic Score. A correlation with
Rachmilewitz and modified Baron Score was also
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[63,64]

demonstrated. Schoepfer and colleagues
found
that FC was the only marker able to discriminate
among mild, moderate and severe disease. A recent
[59]
Korean study
highlighted how not only the ELISA,
but also the Quantitative POCT predicted endoscopic
inflammation (Mayo endoscopic score ≥ 1) in UC at a
cut-off value of 201.3 μg/g and 150.5 μg/g respectively.
In CD, a significant correlation with endoscopic activity
[33]
[36]
was found both in colonic
and in small bowel CD ,
[65]
as well as with capsule endoscopy .
[66]
In a prospective study on 58 pediatric patients
FC showed a high correlation both with endoscopy (r
= 0.655) and histology grading (r = 0.699); it proved
the most accurate tool (sensitivity 94%, specificity
64%, PPV 81%, NPV 87%) to detect active mucosal
inflammation when compared to clinical scores and
serum markers. The highest accuracy was found in
patients with apparent clinical and laboratory remission
(sensitivity 100%, specificity 80%, PPV 67%, NPV
100%).
[67]
Guardiola et al
prospectively evaluated UC
patients in clinical and endoscopic remission; those
with histologic features of inflammation were reliably
identified based on their FC levels at a cut off of 155
µg/g with a sensitivity of 78% and a specificity of 71%.
[68]
More recently, Zittan et al
confirmed that FC could
predict histological remission, with a cut-off of 100 µg/g.
A recent study comparing the predictive value of FC
measurement and histological scoring in IBD patients,
[69]
found that FC performed better, especially in UC .
This finding was confirmed in a subsequent study by
[70]
Theede et al , who showed that in UC baseline FC
more than 321 μg/g predicted relapse both at 6-mo and
12-mo in contrast to histological activity, CRP, or length
[71]
of remission. A study by Puolanne et al
confirmed
the correlation between FC, clinical activity, and
histopatologic findings in 72 patients with colonic IBD.
[72]
In an English study , calprotectin concentration
in the colonic mucosa of UC patients correlated with
histological remission; moreover, a median value > 5/
HPF were independently associated with worse outcome
(corticosteroid use, hospitalisation, or colectomy during
a 6-year follow-up). Moreover, in a short report by
[73]
Roseth et al , low FC levels were closely associated
with mucosal healing.

positive FC test and probability of relapse (p < 0.001)
only for colonic localization at 130 µg/g cut-off level. On
[3]
the other hand, a meta-analysis by Mao et al was not
able to demonstrate that the overall accuracy of FC for
predicting relapse was different in UC and CD because
of the heterogeneity across studies, due to different
criteria to define remission and relapse; however,
due to the limited data, the ileal involvement was not
assessed.
[75]
In asymptomatic patients with IBD, Heida et al
found that increase of FC levels were correlated with
increased (from 53% to 83%) probability of relapse
within the next 2 mo to 3 mo, while consecutive normal
FC values were associated with 67% to 94% probability
of remission in the next 2 mo to 3 mo.
In patients under maintenance therapy with
Infliximab (IFX), levels > 160 µg/g were related
to probability of relapse higher than 60% over the
[76]
following 8 wk .
In a subanalysis of the STORI trial, serial measure
ments of FC in CD patients in clinical remission after
stopping IFX, showed that in those who relapsed, the FC
[77]
levels had started to increase 4-6 mo earlier . Despite
the test reliability, the ideal FC threshold for monitoring
disease relapse is still awaiting to be defined.

Monitoring the therapy effectiveness

In clinical practice, “Treat-To-Target” is currently
considered the most important strategy for therapy
adjustment.
[78]
A study by Wagner et al
in patients with UC or
CD treated with 5-aminosalicilic acid, prednisone or
Azathioprine, showed that FC were correlated with
clinical scores after 4 wk and 8 wk of treatment in UC
and in CD, respectively, and in patients with complete
response to therapy there was a significant decline in
FC levels (P < 0.01) after 4 wk, which was not observed
in partial or non-responders. In children with active
disease treated with steroids, FC levels declined in line
with clinical improvement but seldom fell within the
[79]
normal range .
In the biologic era, many studies confirmed the
role of FC in monitoring the effectiveness of therapy.
[80]
Molander et al demonstrated that a normal FC (< 100
μg/g) after induction therapy with anti-TNFα predicts
sustained clinical remission in the majority of patients,
both in CD and UC; a cut-off of 139 μg/g for FC had
72% sensitivity and 80% specificity to predict the risk
of clinically active disease after 1 year. According to De
[81]
Vos et al
two consecutive FC measurements over
300 μg/g are more specific than a single assessment
for predicting relapse in UC patients under maintenance
treatment with IFX.
Interestingly, even after discontinuation of antiTNFα therapy, an increase of FC could predict clinical
[82]
and endoscopic relapse . This data is in accordance
[30,77]
with the STORI study
, where FC was comparable
to endoscopic assessment in predicting the relapse

Predicting disease relapse

A major challenge in managing IBD is a timely detection
of patients at risk for impending clinical relapse. Tibble et
al. firstly suggested that a high FC concentration could
identify those IBD patients in remission who were at risk
of early relapse without any difference between UC and
[74]
CD . Conversely, we showed a 14-fold increase in the
relapse risk in patients with UC and a two-fold increase
in CD patients in clinical remission with FC concentration
higher than 150 µg/g concluding that FC was a stronger
[32]
predictor of clinical relapse in UC than in CD . In CD,
[33]
D’Incà et al found a significant correlation between a
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risk after stopping TNFα-blocking therapy, starting
to increase 4-6 mo before the clinical relapse. A
[83]
prospective study
in IBD patients (20 UC and 52
CD) under treatment with anti-TNFα, showed that the
diagnostic accuracy of rapid FC seems to be higher in
predicting persistence of endoscopic lesions than clinical
remission.
Both in monitoring of therapy and in prediction of
relapses FC seems to be more effective in UC than
[32]
in CD . Nevertheless, in a prospective study of
[84]
Laharie et al
in patients responding to IFX induction
regimen, FC measurement at w14 could not predict CD
clinical relapse at one year. In severe acute colitis, FC
evaluation could be helpful in timely prediction of clinical
[85]
course: Ho et colleagues
demonstrated that FC was
higher in patients requiring colectomy with a trend
toward significance when compared to responders,
suggesting that FC in patients with severe acute colitis
could be included among the prognostic criteria.
Shifting the therapeutic target from clinical
remission to mucosal healing has been supported by
population-based cohort studies, post hoc analysis
of clinical trials, and meta-analysis, both for CD and
[86-90]
[91]
UC
. The STRIDE recommendations
defined FC
as an adjunctive target in IBD patients, while a Mayo
Endoscopic Score ≤ 1 for UC and the resolution of
ulcerations in CD are the best target to reach, besides
patient reported outcome. The recently published CALM
[92]
study , for the first time used FC as a target despite
clinical activity in CD patients, in whom therapy was
escalated if FC was ≥ 250 μg/g in a group of patients,
while the control group was treated on the basis of
clinical activity. The tight control algorithm led to rapid
optimization of therapy and, therefore, to a higher
proportion of patients achieving mucosal healing [CD
Endoscopic Activity Index of Severity (CDEIS) < 4]
and no deep ulcers on endoscopy, deep remission [CD
Activity Index (CDAI) < 150 and CDEIS < 4 and no
deep ulcers, no draining fistula, and no prednisone
use for 8 wk or more], biological remission (FC < 250
µg/g, CRP < 5 mg/L, and CDEIS < 4), and steroid-free
remission (CDAI < 150 with no prednisone for 8 wk).
A limitation is represented by the discretional taper
schedule of prednisone at study entry, that, affecting
the treatment option at randomization (the use of
prednisone defined treatment failure in the tight control
group) could have led to an earlier introduction of
adalimumab and positively affected the outcomes.

and pouchitis (in UC patients) in a high percentage of
cases. The post-operative monitoring, mainly based
on endoscopy, is crucial to identify those patients
who require early treatment. Non-invasive markers
of intestinal inflammation, especially FC, represent an
easy, quick and cheap tool for the early diagnosis of
post-operative recurrence or pouchitis.
Post-operative recurrence: POR after ileo-colonic
resection is a feature of CD. Early studies by the
Leuven group reported an endoscopic and histological
recurrence rate of 73% within one year from surgery
[94]
although only 20% of the patients had symptoms . A
more recent review, focusing on historical populationbased studies, showed that the cumulative risk of POR
[95]
after 10 years is around 44%-55% . As endoscopic
[94]
recurrence occurs before the onset of symptoms , the
early detection of asymptomatic endoscopic lesions may
allow a timely treatment in post-operative CD patients.
Conventional ileocolonscopy within 6-12 mo is currently
recommended to evaluate CD recurrence, graded
according to the Rutgeerts’ score. The Post-Operative
Crohn’s Endoscopic Recurrence (POCER) study showed
that postoperative endoscopic monitoring, together with
treatment escalation for early recurrence, is superior
to standard drug therapy alone in preventing disease
[96]
recurrence, at least in the short term . However, it is
not established the timing of endoscopic re-evaluation.
Ileocolonoscopy is expensive, time-consuming, often
not well accepted by the patient and not devoid of risks.
Moreover, endoscopic examination of the neo-terminal
[97]
ileum is not always technically feasible .
Although the role of FC in early detection of POR is
still to be established, several studies suggest that FC
could avoid unnecessary endoscopies and facilitate earlier
diagnosis. FC and FL assay have been suggested as noninvasive, inexpensive and reproducible biomarkers in
[98]
post-operative CD patients .
[99]
Orlando et al
prospectively evaluated 50 CD
patients who had undergone surgery; a FC value >
200 µg/g within 3 mo showed 63% sensitivity and
75% specificity in predicting endoscopic recurrence at
one year, superior to ultrasound, whose sensitivity and
specificity was 26% and 90% respectively.
In asymptomatic CD patients who had undergone ileocolonic resection with a median follow-up of 40.5 mo, long
term high levels of FL and FC were observed, interpreted
as sign of ongoing intestinal inflammation, although
partially influenced by the systemic post- operative
[100]
inflammatory status .
In a small cohort of 13 post-operative CD patients
followed for 1 year, FC and FL were more accurate in
predicting clinical disease activity than CRP, platelet count
[101]
or endoscopic appearance . Accordingly, FC and FL
levels positively correlated with both clinical recurrence
and severity of endoscopic findings in the neo-terminal
ileum who remained in remission during 6-12 mo after

Monitoring the post-operative recurrence

Despite the increasing use of immunosuppressants
and biologics, IBD patients frequently need surgery.
Approximately 80% of CD patients require intestinal
surgery within 20 years after diagnosis and 10%-30%
UC patients need colectomy, at 25 years following
[93]
diagnosis . Surgery is not curative, and is followed
by post-operative recurrence (POR, in CD patients)
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[102]

ileocolonic resection . At 170 µg/g cut-off, sensitivity
and specificity of FC were higher than FL (83% and
93% vs 67% and 71% respectively) in predicting risk of
clinical relapse. More recently, the same authors showed
that in asymptomatic patients after ileo-colonic resection
for CD, sustained low FC levels predict low risk of
endoscopic recurrence, avoiding unnecessary endoscopic
[103]
examinations .
[104]
These data are in line with Boschetti et al , who
found were significantly higher (473 ± 78 µg/g) FC
levels in asymptomatic CD patients with endoscopic
recurrence after ileo-colonic resection in the last 18
mo when compared with those in remission (115 ±
18 µg/g, p < 0.0001). Sensitivity analysis excluding
patients with both ileal and colonic recurrence did not
change the results (456 ± 68 µg/g vs 115 ± 18 µg/g;
p < 0.0002). The best cutoff point for FC to distinguish
between endoscopic remission and recurrence was
100 μg/g as determined by the ROC curve, and its
sensitivity, specificity, PPV and NPV, as well as overall
accuracy were 95%, 54%, 69%, 93%, and 77%,
respectively. Taking into account the high NPV of FC,
a threshold below 100 μg/g could avoid systematic
ileocolonoscopies in 30% of patients.
In the retrospective study by Herranz Bachiller et
[105]
al
97 patients with CD and ileocolic resection who
had undergone FC measurement and subsequent ileocolonoscopy were included. FC was related to endo
scopic recurrence more than any clinical or serological
parameters. Unlike other studies, the optimal cut-off was
60 µg/g.
[106]
Lobatón et al , compared the accuracy of ELISA
test with the new quantitative POCT for the prediction
of endoscopic activity and POR in CD patients. FC levels
correlated more closely with CDEIS than leucocytes,
platelets or CRP. The prediction of endoscopic remission
(CDEIS < 3), using the quantitative POCT (cut-off 272
µg/g) and the ELISA (cut-off 274 µg/g) presented an
area under the curve of 0.933 and 0.935, respectively.
Median POCT levels discriminated endoscopic (Rutgeerts)
score i0-i1 from i2-i4 (98 µg/g vs 234.5 µg/g). These
results suggest that FC determined by rapid quantitative
test predicts endoscopic remission as well as endoscopic
postoperative recurrence in CD patients.
[107]
Disappointing results came from a Swedish study ,
that found no significant difference in FC concentrations
between patients in endoscopic remission and relapsing
patients one year after ileoceacal resection. However,
the significant variation over time of FC concentrations
highly influenced these results, especially in patients
with diarrhea, which implies that a single measurement
of FC has limited clinical utility in predicting POR.
The sub-analysis of the POCER study by Wright
[108]
et al
, demonstrated that FC has good sensitivity
and NPV to monitor CD recurrence after intestinal
resection. Levels of FC were measured in 319 samples
from 135 patients. FC concentration was markedly

WJG|www.wjgnet.com

increased before surgery and decreased substantially
after resection of all macroscopically involved segments
at 6 mo. Combined 6- and 18-mo FC levels correlated
significantly with endoscopic recurrence, whereas
CRP and CDAI did not. A cutoff of FC > 100 µg/g
detected patients with endoscopic recurrence with 89%
sensitivity, 58% specificity and 91% NPV. In this cohort,
colonoscopy could be avoided in 47% of cases with
endoscopic remission, at the cost of missing 11% of
patients with endoscopic recurrence. Also, FC decreased
in patients who underwent therapy intensification
supporting its role in treatment monitoring. A FC
level < 51 µg/g in patients in remission at 6 mo after
surgery predicted remission at 18 mo, with 79% NPV;
sensitivity, specificity and PPV were less satisfying (50%,
68% and 36%, respectively), suggesting a limited
value of FC measurement in long-term prediction of
endoscopic recurrence.
Large scale studies should be carried out to clarify
controversial points. The optimal cut-off value of FC
as a surrogate marker of POR needs to be established
and the measurement procedures to be standardized.
Nevertheless, our overview suggests the use of FC
as promising alternative to ileo-colonoscopy in POR
, especially in asymptomatic CD patients after initial
negative post-operative endoscopy, and in monitoring
response to treatment.
Pouchitis: Ileal pouch anal anastomosis (IPAA) after
restorative proctocolectomy is currently the preferred
surgical treatment for refractory or complicated UC. De
novo inflammation of the ileal reservoir, the so-called
pouchitis, is reported in about half of the patients. Even
though the etiology of pouchitis remains unknown,
several influencing factors have been suggested,
such as fecal stasis, bacterial overgrowth, dysbiosis,
genetic susceptibility and immune alteration. More
recently, a CD-like complication of the pouch, has been
described which can involve up to 13% of the patients
following proctocolectomy with IPAA for UC. This entity
is characterized by inflammation in the afferent limb
(prepouch ileitis), presence of proximal small bowel
strictures, or perianal or internal fistulae unrelated to
[109]
surgery .
In 1994, the pouchitis disease activity index (PDAI),
a composite score evaluating symptoms, endoscopic and
histologic alteration has been developed to standardize
the definition of pouchitis and to assess its severity.
Patients with a total PDAI score of ≥ 7 points are
classified as having pouchitis. The diagnosis of pouchitis
therefore requires endoscopic confirmation with mucosal
biopsies. Few studies have evaluated the value of FC
measurement in these patients. However, available
data show possible benefit with accurate diagnosis
and management of pouch disorders as well as cost
reduction.
[110]
In the small study by Thomas et al , significantly
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increased FC levels were found in all 9 patients with
endoscopic and histologic evidence of pouch infla
mmation compared with those without it. The firstmorning FC levels correlated well (r = 0.91, p ≤ 0.0001)
with 24-h stool collection, with endoscopic and histologic
scores, and with the percentage of CD15+ mature
neutrophils and CD14+ macrophages within the lamina
propria.
These findings were confirmed in a larger study
carried out in 46 patients with UC and in 8 with familial
adenomatous polyposis, who had undergone restorative
[111]
proctocolectomy . Using a threshold of 92.5 µg/g, FC
levels correlated closely with the PDAI with a sensitivity
of 90% and a specificity of 76.5%.
In pediatric UC, FC levels after restorative pro
ctocolectomy positively correlated with subsequent
pouchitis (r = 0.468, p < 0.01), with mean FC values of
71.50 µg/g among patients with no history of pouchitis,
290 ± 131 µg/g among those with a single episode of
pouchitis, and highest level 832 ± 422 µg/g among
patients with recurrent pouchitis (P = 0.019 between
recurrent pouchitis and no pouchitis). A history of
recurrent pouchitis was a significant predictor of FC higher
than 300 µg/g (OR = 51; 95%CI: 1.2-2200; p = 0.040).
Sensitivity, specificity, PPV, and NPV for FC concentration
over 300 µg/g in detecting recurrent pouchitis were 57%,
[112]
92%, 67%, and 89%, respectively .
[113]
Yamamoto et al
prospectively evaluated the
serial monitoring of FC and FL for the early detection
of pouchitis after restorative proctocolectomy. Stool
samples were collected every 2 mo up to 12 mo from 60
patients who had undergone ileostomy closure following
total proctocolectomy and IPAA for UC. Endoscopy was
performed in all asymptomatic patients at 12 mo and
as soon as symptoms suggestive of pouchitis occurred.
In the 10 patients (17%) who developed pouchitis FC
and FL levels were already increased 2 mo before the
diagnosis of pouchitis, while in the others both markers
remained constantly at low levels. At cut-off values
of 56 μg/g for FC and 50 μg/g for FL, sensitivity and
specificity were 100% and 84%, and 90% and 86%
respectively. At the time of endoscopy, the median FC
and FL levels were significantly higher in patients with
pouchitis than those without. Nevertheless, several
questions can be raised on how to implement these
findings into clinical practice. Current guidelines do not
recommend routine pouchoscopy in patients in clinical
remission as symptoms seem to reflect underlying
[114]
inflammation in the pouch . The results by Yamamoto
[113]
et al
are in line with these recommendation. None
of the 47 asymptomatic patients developed pouchitis
during the 12-mo follow-up period, whereas in 10/13
symptomatic patients the inflammation of the pouch
was confirmed. Thus, the NPV of 100% of the PDAI
score < 7 could be considered as referral criteria for
[115]
pouchoscopy in symptomatic patients .
In conclusion, even in patients with IPAA FC could
allow the early detection of subclinical inflammation.
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Prospective studies need to establish whether this
strategy could reduce the rate of chronic pouchitis and
subsequent pouch failure.

Conclusion and perspectives
We reviewed the role of FC in various settings of IBD
clinical management. About 20 years after the study by
[10]
Roseth , FC has been confirmed as one of the most
reliable, non-invasive diagnostic tools for management
of IBD in clinical practice both in adults and children.
A considerable body of evidence confirms the
high sensitivity and NPV of FC in distinguishing IBD
from IBS in patients with clinical suspicion of intestinal
inflammation. In those with established diagnosis of IBD,
a growing number of studies suggest an increasingly
recognized role of the test in monitoring disease activity
and response to therapy, as well as in predicting disease
relapse and POR, including pouchitis. The main concerns
are still related to the choice of the optimal cut-off,
both for ruling out intestinal inflammation and for the
management of IBD patients.
[92]
Recently the CALM study
included FC measure
ment among the treatment failure criteria for escalating
therapy in patients with early CD, and showed that
adjustment of therapy based on the combination of
clinical symptoms and biomarkers leads to better
outcomes than symptoms-driven decision. These
results support the use of FC in the context of the
“Treat-To-Target” strategy and may open the way for a
higher standard of care in IBD patients, if confirmed by
further studies with a longer follow up. Finally, similarly
designed studies are awaited in UC, where FC appears
to perform best.
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Hepatocellular carcinoma (HCC) is the fifth most
common cancer and is the second leading cause of
cancer death. Since the diagnosis of HCC is difficult, in
many cases patients with HCC are diagnosed advanced
stage of development. Hepatocyte growth factor (HGF)/
c-mesenchymal-epithelial transition receptor (c-Met) axis
is a key signaling pathway in HCC, either via canonical
or non-canonical pathways. Available treatments
against HCC based upon HGF/c-Met inhibition can
increase patient lifespan, but do not reach the expected
therapeutic benefits. In HCC, c-Met monomers can
bind other receptor monomers, activating several
noncanonical signaling pathways, leading to increased
cell proliferation, invasion, motility, and drug resistance.
All of these processes are enhanced by the tumor
microenvironment, with stromal cells contributing to
boost tumor progression through oxidative stress,
angiogenesis, lymphangiogenesis, inflammation, and
fibrosis. Novel treatments against HCC are being
explored to modulate other targets such as microRNAs,
methyltransferases, and acetyltransferases, which are
all involved in the regulation of gene expression in
cancer. This review compiles basic knowledge regarding
signaling pathways in HCC, and compounds already
used or showing potential to be used in clinical trials.
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canonical and non-canonical pathways

The first therapies developed to treat HCC were
focused on inhibiting the HGF/c-Met axis, thus stopping
[5]
hepatocytes in the G1 phase of the cell cycle . Studies
in mice have shown that HGF or c-Met deletion are
[6]
lethal . Moreover, some tumors overexpress these
proteins. Therapies targeting HGF or c-Met have
been used for years. However, patients receiving
these therapies still presented high rates of mortality,
as well resistance to chemotherapy, radiotherapy,
[7]
immunotherapy or hormonal therapy .
Recently, novel studies have elucidated other
noncanonical signaling pathways that are modified in
HCC. It is also now known that the fate of hepatocytes
is determined by the interaction with nearby stromal
cells. New therapies are being developed targeting the
tumor microenvironment, including endothelial cells,
immune cells, fibroblasts and the extracellular matrix.
Nonetheless, HGF/c-Met levels are currently being
used to predict tumor aggressiveness and the prognosis
of HCC patients.
In this review, we have analyzed HCC literature to
generate a comprehensive view about the molecular
processes already known and important discoveries that
remain to be made.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is a tumor
usually arising from previous hepatic diseases as cirrhosis
and chronic hepatitis B and C infections. Several studies
have shown that a key factor for HCC oncogenesis is
chronic inflammation. Inflammation induces changes
in the gene expression pattern in surrounding cells.
These changes provide an environment with a high
level of cytokines, promoting hepatocyte transforma
tion to tumor cells. New therapies against HCC are
focused on regulating stromal cells within the tumor
microenvironment to avoid HCC progression.
García-Vilas JA, Medina MÁ. Updates on the hepatocyte growth
factor/c-Met axis in hepatocellular carcinoma and its therapeutic
implications. World J Gastroenterol 2018; 24(33): 3695-3708
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i33/3695.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i33.3695

HGF AND c-MET

INTRODUCTION

The HGF gene is located on chromosome 7q21. It
contains 20 exons and is expressed by mesenchymal
cells. Hepatocyte growth factor (HGF) is a member of
the peptidase S1 family of serine proteases, although
it lacks peptidase activity. This protein is synthesized
as an inactive pro-peptide generating an alpha/beta
heterodimer linked by a disulfide bond. Proteolytic
conversion of pro-HGF to HGF can be mediated by three
enzymes present in the tumor environment: matriptase,
hepsin and HGF activator (HGFA). However, there is
evidence that urokinase plasminogen activator (uPA),
[8]
transmembrane protease, serine 13 (TMPRSS13) may
also activate it. Although HGF was originally identified as
a hepatocyte mitogen, it is now known to be a cytokine
with pleiotropic effects. It has roles in enhancing
angiogenesis, immune response, cell motility, and cell
differentiation.
The gene for c-Met is located in chromosome 7q21-31
and contains 24 exons. Its promoter region, however, is
located in chromosome 1. c-Met is expressed in epithelial
cells. c-Met is a single pass tyrosine kinase receptor
made up of an alpha and a beta subunit linked by
disulfide bonds. The beta subunit is a transmembrane
monomer that contains 5 catalytic tyrosines in its
cytoplasmic tail. Y1003 negatively regulates c-Met by
linking it to the ubiquitin ligase casitas beta-lineage
[9]
lymphoma (c-CBL) . In contrast, Y1234; Y1235; Y1349
and Y1356 positively regulate c-Met. Furthermore,
S985 in c-Met can be phosphorylated by protein
kinase-C, inducing c-Met degradation (ubiquitination

Liver is a vital organ responsible for hundreds of
chemical reactions. Among them, it is involved in
metabolizing many toxins. These reactions are carried
out by the hepatocytes, which represent around 80%
of the hepatic tissue cell population. Since the liver is
the main detoxifying organ, hepatocytes are exposed
[1]
to many toxins which may cause insults inducing
several anomalies, such as primary liver cancer.
There are two types of adult primary liver cancers:
cholangiocarcinoma and hepatocellular carcinoma
[2]
(HCC), the latter being responsible for 85% to 90% of
total primary liver cancer instances. HCC is one of the
[3]
deadliest malignancies worldwide . It can be preceded
by chronic inflammation due to cirrhosis, hepatitis B
virus or hepatitis C virus infections, all of which increase
[4]
20-fold the risk of liver cancer .
Hepatocytes have a high regeneration rate, being
controlled by multiple growth factors. The first molecule
discovered with the ability to stimulate hepatocyte
division was hepatocyte growth factor (HGF). HGF is
expressed and released by specialized non-parenchymal
cells called hepatocyte stellate cells. These cells release
HGF into the extracellular space, where it acts in a
paracrine manner on its receptor, known as c-Met,
which is located on the surface of hepatocytes. HGF
was characterized as a potent mitogen due to its ability
to induce c-Met dimerization. This activates a canonical
signal transduction pathway including effector molecules
such as RAS-ERK and PI3K-AKT, which increase DNA
synthesis and increase cell cycle progression.
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[10]

[11]

and endocytosis) .
c-Met activation has pleiotropic effects because its
cytoplasmic domain can interact with multiple proteins
involved in several cellular signaling pathways. Because
of this, c-Met is considered an oncogene involved in
cell proliferation, invasion, motility, angiogenesis and
apoptosis.

cell survival

Signal transducer and activator of transcription
3 (STAT3): HGF binds to c-Met inducing the
phosphorylation on Y1356. This phosphorylated amino
acid interacts and actives STAT3, as was shown by
[15]
Boccaccio et al . When it is activated, it translocates to
the nucleus where it binds to DNA and promotes gene
expression (related with angiogenesis, and long-term
[15]
response) .

SIGNALING PATHWAYS IN HCC
The pathophysiology of hepatocellular carcinoma at
a cellular level is complex and it is very possible that
there are many unknown c-Met interactions with others
signaling pathways. Multiple cell pathways are aberrant
in HCC, but this review just focuses on the signaling
pathways related to c-Met. The activation of c-Met can
take place by the canonical pathway, which involves HGF
binding to c-Met resulting in c-Met homodimerization.
It can also take place through non-canonical pathways,
where c-Met dimerizes with different receptors.
Heterodimers of receptor proteins and c-Met are
involved in overstimulation and dysregulation of c-Met
signaling pathways. This occurs during hypoxia, which
can cause c-Met overexpression, mutations on tyrosine
[11]
kinase domain or HGF gene amplification . However,
[12]
this latter event rarely occurs in HCC .

Shc-transforming protein 1 (Shc): SHC is an
adaptor protein involved in the mitogenic signal
transduction from tyrosine receptors. On the other
hand, experiments carried out in fibroblast showed that
Shc is highly stimulated by VEGF and that activation
[16]
correlated with the angiogenic response .

Non-canonical c-Met signaling pathways

c-Met activation by non-canonical pathways takes place
when this receptor is over-expressed and dimerizes
with other receptor subunits, or may bind to ligands
other than HGF. Non-canonical pathways are usually
associated with c-Met gene amplification, and are
[17,18]
common in treatment resistant cancers
, tumor
progression, and metastasis, as shown in in vivo
[19,20]
experiments using mice
. It has also been reported
that c-Met dimerization takes place in the absence of
[21]
ligand binding
when it interacts with the following
proteins:

c-Met canonical downstream signaling pathways

These signaling pathways involve proteins with SH2
domains or phosphotyrosine-binding domains that are
[13]
able to interact with phosphorylated tyrosine residues
that, in turn, interact physically with the cytoplasmic
domain of c-Met.

Epithelial growth factor receptor (EGFR): Physical
interaction between EGFR and c-Met was found in
[22]
A431 cells . In HCC, the transactivation between
these two receptors takes place, inducing the common
[23]
downstream signaling effectors PI3K and Ras .

Growth factor receptor-bound protein 2 (Grb-2):
Grb-2 interacts with Y1356 of c-Met to transduce HGF
signaling to the cytoplasm. Grb-2 is considered a key
protein in HGF/c-Met axis because it connects to several
signaling transducers, such as Ras, SOS, and Gab1.
Grb-2 is involved in cell motility, cycle progression,
angiogenesis, amongst other.

Human epidermal growth factor receptor (HER):
The dimerization between c-Met and HER increases
[18]
activation of PI3K/AKT signaling , which is associated
[24]
with resistance to EGFR inhibitors as well as cancer
progression.

GRB2-associated binding protein 1 (Gab1):
Activated c-Met is phosphorylated on Y1349 and Y1356
residues which specifically interact and phosphorylate
to Gab1. However, Gab1 can also be phosphorylated
by Grb-2. Gab1 is involved in many signal transduction
pathways by binding to effector proteins that have a
role in cell motility and extracellular matrix invasion,
[14]
such as Shp2, Shc, PLCγ1, p120 .

[25]

Integrin α6β4: Trusolino et al
determined that
integrin α6β4 physically interacts with c-Met on the
membrane surface of carcinoma cells. This protein is
necessary for cancer invasion because the cytosolic
domain of β4 induces c-Met activation. In this case, the
[14]
signaling transduction is performed by Shc and PI3K .
β-catenin (β-CAT): Phosphorylated β-CAT may
bind to c-Met, activating its downstream signaling.
Phosphorylation of Y654 in β-CAT actives FAK, which
[26]
induces cyclin D1 (CKD1) expression . At the same
time, β-catenin is translocated to the nucleus, and
[27]
promotes c-myc gene expression .

Phosphoinositide 3 kinase (PI3K): PI3K is an
enzyme able to phosphorylate proteins downstream of
c-Met thereby linking oncogenes and many receptors
essential for cellular functions. The phospho Y1356 in
[9]
c-Met can phosphorylate PI3K, inducing cell mobility
by activating focal adhesion kinase (FAK). However,
PI3K can also be activated by Gab1 where it promotes
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splice variant is the CD44 isoform with high affinity
for heparin domains. This v3 may be activated by
different growth factors with heparin domains, such as
fibroblast growth factor (FGF) and HGF. CD44 may act
as a concentrator of HGF to present it to c-Met resulting
[28]
in downstream signaling transduction . On the other
[29]
hand, Olaku et al reported that CD44v6 splice variant
is necessary for c-Met activation. It is thought that three
specific amino acid residues (RWH in human) in v6 are
necessary for complete c-Met activation.

PI3K/AKT/Bad axis to prevent Fas-mediated apoptosis.
Mucin 1 (MUC1): MUC1 expression is increased
during transformation from the normal liver to HCC,
[35]
as was described by Bozkaya et al
MUC1 silencing
in HCC cells leads to β-catenin activation and c-Myc
expression. Under this condition, high levels of HGF
in the microenvironment increase cellular motility and
[35]
invasiveness . However, there are also contradicting
[36]
studies. For instance, Singh et al
reported that
MUC1-induced c-Met activation by physical interaction
[36]
decreased MMP-1 transcription and cell motility .

ICAM-1: This protein can substitute for the role of
CD44v6 in c-Met activation, as shown in hepatocytes
[29]
from Cd44 null mice .

Neuropilin-1 and -2 (Nrp-1, -2): Neuropilins are
a family of transmembrane glycoproteins involved in
several processes, including axonal guidance, angio
genesis, tumorigenesis, and immunologic response.
Nrp-1 can bind VEGF-A165, VEGF-B, VEGF-E, and
placental growth factor (PIGF). On the other hand,
Nrp-2 can bind class III semaphorins and VEGF proteins
(VEGF-A165, VEGF-A145, and VEGF-C). Nrp-2 binds VEGF
proteins, and increases the VEGFR-2 phosphorylation
[37]
threshold, promoting migration, and sprouting cells .
Nrp-2 and VEGFR2 can bind each other enhancing the
signaling initiated by the HGF/c-Met axis. Moreover, Nrp-1
and Nrp-2 interact with other receptor tyrosine kinase,
[37]
such as VEGFRs . Neuropilins have a short cytoplasmic
domain to act as catalytic domain. This evidence
suggests that the intracellular domain may present a
[37]
binding site involved in kinase signal transduction .

Plexin B1: Receptor with high similarity to c-Met,
which is also expressed in the same tissues as c-Met.
After mutation and expression of exogenous c-Met
[30]
in cells, Giordano et al
shown that plexin B1 links
to c-Met when it is activated by semaphorin 4D. This
interaction was reported in invasive cancer cells growing
in response to semaphorin 4D.
Vascular endothelial growth factor A (VEGF-A):
[31]
HGF can induce VEGF expression by phosphorylation
of a key transcription factor called Sp1. This characteristic
[32]
of HGF increases the expression of Bcl-2 , which acts
as an antiapoptotic protein.
Insulin receptor (INSR) tyrosine kinase: This
receptor has an extracellular α-chain and a tran
smembrane β-chain. This protein has a very similar
structure compared to c-Met. Furthermore, it has been
reported that insulin and HGF can phosphorylate INSR
in its Y1146 and Y1150 or Y1151 residues. In HCC cells,
Y1322 is also phosphorylated, thus activating PI3K.
HGF-stimulated hepatocytes have shown to form a
INSR-c-Met complex. There is evidence that c-Met can
also phosphorylate insulin receptor substrates (IRS) on
[33]
Y895. Likewise, INSR phosphorylates IRS on Y612 .
In summary, both c-Met and IRS increase downstream
signaling through PI3K-AKT, promoting cell growth, cell
survival and cell motility.

Focal adhesion kinase (FAK): Studies carried
out in MEFs and HEK293 cells showed that FAK
[38]
interacts directly with c-Met . FAK is a non-receptor
tyrosine kinase involved in several cell signaling
pathways. Notably, it is well characterized for its role
in formation and disassembly of focal adhesions,
[26]
as well as cell protrusions . However, FAK is also
intimately involved in the regulation of cell proliferation
because it is able to phosphorylate PI3K and ERK.
Experiments in FAK knockout mice revealed suppressed
hepatocarcinogenesis due to decreased PI3K and ERK
[26]
signaling pathways .
Collectively, these pathways are responsible for
promoting initiation and progression of HCC (Figure 1).
The expression of HGF is decreased in HCC, but it is
increased in the surrounding tissue. On the other hand,
c-Met is expressed in HCC at higher levels than in the
surrounding tissue. These observations suggest that
the overexpression of c-Met, together with additional
[39]
oncogenes, is responsible of HCC aggressiveness .

Fas: This protein is one of the surface death receptors
and triggers apoptosis signaling when binds its ligand
[34]
(FasL). Wang et al
showed that Fas and c-Met
associate with each other using coimmunoprecipitation
experiments in Hep G2 cells. These authors proposed
that c-Met promotes cell survival by two different
pathways. (1) When there are low levels of FasL in
the microenvironment, Fas binds to c-Met avoiding to
trigger its intracellular signaling pathway. (2) However,
in the presence of high levels of HGF, c-Met releases
Fas activating death receptor-mediated apoptosis.
Nevertheless, the c-Met/Fas signaling pathway ratio is
so high that cells activate antiapoptotic signals through
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MICROENVIRONMENT IN HCC
Microenvironment is created by extracellular matrix (ECM)
and stromal cells. Stromal cells, such as endothelial
cells, fibroblasts, and immune cells, increase the gene
expression and release of chemokines, cytokines,

3698

September 7, 2018|Volume 24|Issue 33|

García-Vilas JA et al . HGF/c-Met axis in HCC
c-Met/FAK

Stromal
cell

c-Met/b-catenin
HGF/c-Met

Can

onic

FAK

al p

athw
ay

c-Met/ICAM-1

b-C

AT

Gab-1

ST
AT
3

c-Met/MUC-1

Grb2
Shc
SOS

PI3K
AKT

mTOR
Ras
RAF
MEK
ERK

c-Met/VEGFR

b-CAT
CKD1

c-Met/integrin

b
c-Met/EGFR
a

c-Met/CD44

c-Met/Nrp

c-Met/Plexin B

c-Met/HER

c-Met/INSR

Non-canonical pathways

Figure 1 Representation of hepatocyte growth factor/c-Met canonical and non-canonical pathways in hepatocytes. Canonical pathway is activated by HGF
release from stromal cells, and subsequent binding to the c-Met receptor inducing c-Met dimerization. Activated c-Met binds Gab-1, Grb-2, Shc, and STAT3. These
proteins are involved in signal transduction regulating cell proliferation, migration, differentiation, or invasion, depending on the activated downstream proteins. The
scheme represents the proteins described in the canonical pathway, but not all of the proteins involved in executing their cell activity. Non-canonical pathways are
activated when a c-Met monomer binds to a monomer of another kind of receptor, or when a c-Met homodimer binds FAK or β-catenin on its cytoplasmic domain. The
arrows represent different proteins performing different cell activities. HGF: Hepatocyte growth factor.
[40]

as tortuous vessels and sinusoidal capillarization.
Tumor blood vessels have incomplete basal membrane
and incomplete pericyte coverage. Simultaneously,
lymphangiogenesis, proliferation and sprouting of new
lymphatic vessels from preexisting ones, also takes
places. Lymphangiogenesis is tightly regulated by
lymphoangiogenic growth factors, such as VEGF-C and
VEGF-D, released from tumor and stromal cells. VEGF-C
and VEGF-D interact with VEGFR-2 and VEGFR-3,
respectively, in lymphatic cells. VEGFR-2 is responsible
for vessel enlargement, whereas VEGFR-3 is critical for
[43]
lymphangiogenic sprouting . However, VEGF-A may
interact with VEGFR-3. Further, venous and lymphatic
endothelial cells express neuropilin-2 (Nrp-2), a protein
that it has recently been associated to lymphatic cell
[37]
survival and migration . On the other hand, Nrp-2 is
[44]
not involved in venous or lymphatic cell proliferation .
Tumor-associated lymphatic vessels express stromal
cell-derived factor 1 (CXCL12), and tumor cells express
the receptor for CXCL12, called C-X-C chemokine
receptor 4 (CXCR4). Tumor cells have upregulated

proteases and growth factors, such as HGF . HGF
released from stromal cells interacts with hepato
cytes enhancing HGF/c-Met signaling transduction.
Subsequently, hepatocytes intensify cell survival and cell
proliferation. HGF may also modify cell-cell interaction,
and cell-extracellular matrix interactions through
[41,42]
activating proteolytic networks
. Furthermore, stromal
cells increase the gene expression of HGF. Furthermore,
HGF promotes angiogenesis from endothelial cells around
the chronic liver disease.

Angiogenesis and lymphangiogenesis

The initial stages of liver tumor are characterized by
hypoxia, a condition leading to the release of VEGF to
increase tumor vascularization. In parallel, immune
cells contribute to the activation of the vascularization
process by releasing inflammatory mediators, including
interleukin-1α (IL-1α), IL-1β, tumor necrosis factor-α,
and prostaglandin E2. HCC is a highly vascularized
tumor. However, the new blood vessels formed to
irrigate the tumor mass present abnormalities, such
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[50]

CXCR4 under hypoxia conditions. However, hypoxia
promotes migration of metastatic cells into the tumordraining lymph node. Endothelial and lymphatic cell
survival and cell proliferation promote tumor metastasis.
In fact, high densities of vascular and lymphatic vessels
[44]
are correlated with high patient lethality .

become hepatic progenitor cancer cells (HPCs) .
HPCs have the ability to differentiate to several
kinds of cells depending on the stimulus from their
microenvironment. Under the influence of a tumor
microenvironment, HPCs acquire genetic and epigenetic
mutations, inducing their transformation from HPCs to
[51]
cancer stem cells (CSCs) . CSCs are able to perpetuate
themselves through self-renewal, and generate mature
cells of a particular tissue through differentiation,
[52]
supporting tumor cell proliferation . Likewise, CSCs
have been proposed to be the clonogenic core of HCC,
sustain the primary tumor, confer drug resistance,
promote metastasis, and promote angiogenesis.

Inflammation

The role of immune cells in cancer is controversial,
because they can eliminate tumor cells in their initial
stages, but, due to their generation of oxidative stress
and DNA damage, they may also promote cancer
development.
A study carried out in a small cohort showed that
patients with viral hepatitis presented high neutrophil
levels and low lymphocyte levels. This has been
proposed as a substitute parameter to determine initial
development HCC stages, because neutrophils are the
[45]
first kind of immune cells to interact with tumor cells .
Neutrophils located in the tumor mass are responsible
for promoting inflammation and facilitating tumor
progression. From the same study, the authors detected
high platelet levels in circulation. This association
might be caused because platelets are responsible for
activating neutrophils, enabling neutrophils to migrate
through blood vessels. A lower risk of HCC was shown
with anti-platelet therapy from another independent
[46]
study . Additionally, platelets are key effectors to
+
enhance the accumulation of CD8 T lymphocytes
and mediate immune injury, intensifying the microinflammation.
Tumor-infiltrating T cells are regulated by VEGF-A
and VEGF-C, as well as their release into the tumor
microenvironment, cell proliferation phenotype, and
[47]
activity .
Macrophages are responsible for digesting all
damaged cells in the tissues including cancer cells.
However, macrophages activated by inflammatory
cytokines from the tumor microenvironment, express the
PD-L1 protein. This results in them adopting a suppressive
macrophage phenotype, avoiding tumor-specific T cell
[48]
immunity and increasing HCC progression . These
macrophages activated by the tumor microenvironment
express tumor necrosis factor α (TNF-α), which induces
c-Met-expression on their surface. These macrophages
also express MMP-9, which increases the remodeling of
[49]
the tumor microenvironment of HCC .

Fibrosis

All of the stages described above in the present section,
cell transvasation, cell-cell interaction, oxidative stress,
cytokines and proteases released into the tumor
microenvironment, provoke changes and deregulation
in the ECM. The deregulation of ECM is characterized
by increasing deposition of fibronectin, fibrillar collagen
types I and II into the liver. This ECM deregulation
decreases liver plasticity, increasing ECM stiffness, cell
survival and cell proliferation of tumor cells. These
processes are mediated by integrin signaling pathways,
such as α1β1 and α2β1. Moreover, the ECM increases
immune cell activation and differentiation, promotes
[42]
angiogenesis, and activates tissue invasion .
[53]
Dapito et al
showed that translocation of
components of intestinal bacterial, and Toll-like receptor 4
(TLR4), can reach the liver by the portal circulation. Both
components promote liver inflammation, increasing the
secretion of growth factor, such as epiregulin from hepatic
stellate cells, and promoting the synthesis of ECM. This
scenario enhances fibrosis and HCC development.
The microenvironment not only creates favorable
conditions to develop the unregulated cell proliferation
characteristic of cancer cells, but also influences their
sensitivity to drugs and promotes metastasis. HGF
delivered by stromal cells has been described as a
key factor to confer resistance to molecular targeted
[54]
drugs .

EPIGENETICS IN HCC
Only 2% of the human genome encodes proteins, and
the majority of the transcriptome contains non-coding
RNAs (ncRNAs). ncRNAs have regulatory functions and
may be classified by their sequence length, in micro
RNAs (miRNAs), small nucleolar RNAs (snoRNAs),
small interfering RNAS (siRNAs), long non-coding
RNAs (lncRNAs), and very long intergenic ncRNAs
[55,56]
(vlincRNAs)
. However, there are other classifications
based on association with annotated protein-coding
genes, association with other DNA elements of known
function, protein-coding RNA resemblance, association
with repeats, with a biochemical pathway or stability,
sequence and structure conservation, expression in

Fibroblasts and hepatic progenitor stem cells

Fibroblasts are an important cell population in the
microenvironment, and have a prominent role in tumor
cell progression and metastasis. Fibroblasts have key
functions in the tumor microenvironment: (1) synthesis
and remodeling of the ECM; and (2) release of multiple
cytokines and chemokines to promote inflammation,
angiogenesis and epithelial differentiation. Tumorassociated fibroblasts acquire a modified phenotype
induced by transforming growth factor-β (TGFβ), and
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Table 1 MicroRNA involved in hepatocellular carcinoma and their function in the hepatocyte growth factor/c-Met axis
miRNA

Functions

Effect of miR in HGF/c-Met axis

Levels in HCC

Ref.

miR-34
miR-199

Cell invasion, proliferation
Proliferation, cell motility,
cell invasion
Cell invasion, cell migration
Cell proliferation,
cell invasion, inhibits angiogenesis
Cell motility and invasion
Represses cell proliferation, invasion,
metastasis and resistance therapy
Promotes apoptosis, suppress cell
invasion
Cell migration, cell proliferation
Cell proliferation, invasion, and
migration
Induces apoptosis
Cell viability, cell migration
Promotes apoptosis, reduces
proliferation
Cell migration and invasion
Cell proliferation, migration and
invasion

Inhibits c-Met
Tumor-suppressor

Downregulated
Downregulated

[83]
[84]

Inhibits c-Met
Inhibits c-Met

Downregulated
Downregulated

[85]
[86]

Inhibits c-Met
Inhibits c-Met signaling downstream

Upregulated
Downregulated

[87]
[88,89]

Tumor-suppressor

Downregulated

[90]

Tumor-suppressor
Inhibits c-Met signaling downstream

Downregulated
Downregulated

[91]
[92]

Inhibition of c-Met
Inhibits c-Met signaling downstream
Decreases c-Met levels

Downregulated
Downregulated
Downregulated

[93]
[94]
[95]

Decreases HGF-synthesis in fibroblasts
Inhibits c-Met signaling downstream

Upregulated
Downregulated

[96]
[97]

miR-340
miR-126
miR181-a
let-7 family
miR-148
miR-1
miR-26a
miR-122
miR-145
miR-449
miR-200
miR-101

HCC: Hepatocellular carcinoma; HGF: Hepatocyte growth factor.

[55]

different biological states, subcellular structures, and
[56]
based on function . Independently of the classification
criteria, the ncRNAs have physiological relevance in
genetic and epigenetic regulation, such as control of
chromatin remodeling, gene transcription, protein
[57]
transport and metabolism .
Dysregulation of miRNAs has been associated with
alterations in cell signaling pathways playing important
roles in the control of cell invasion, proliferation, and
metastasis, among many other pathophysiologic
processes. For instance, miR-26a. behaves as a tumor
suppressor in hepatocellular carcinoma (HCC), but
it shows oncogenic properties in lung cancer. These
observations suggest that microenvironment also
determines the roles of miRNAs in cancer (Table 1). A
RNA-sequencing study performed in 23 liver biopsies,
between tumor and adjacent non-tumor tissue, showed
[58]
57 lncRNA with differential expression .
Histones acetylation, methylation, phosphorylation,
sumoylation, and ubiquitylation, are post-translational
modifications (PTMs) intimately related to epigenetic
processes. These PTMs are responsible for the induction
or repression of genes through modification in the level
of DNA compaction or the recruitment of transcriptional
machinery. Histones deacetylases (HDACs) are a
family of proteins that remove acetyl groups from
histone tail amino acids, decreasing gene expression.
[59]
This family of proteins is overexpressed in HCC . In
fact, human HCC hallmarks are the loss of acetylation
[60]
in H4K16 , and increased methylation in H3K27 by
[61]
EZH2 methylase . Furthermore, EZH2 can inhibit the
expression of miR-622, thus increasing the severity of
[62]
HCC . SET8 is a specific H4K20 methylase required
[63]
for S phase progression by coupling to PCNA . SET8
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dysregulation has been described in human HCC .
Histone hypermethylation has also been related with
decreased gene expression.
On the other hand, histones acetyltransferases
(HAT) are a family of proteins that add acetyl groups
to histone amino acids, inducing the relaxation of
DNA strains, and subsequently up-regulating gene
expression.
In the liver, xenobiotics such as alcohol can alter the
epigenetic state by generating reactive oxygen species
(ROS) and depleting S-adenosylmethionine (SAM)
levels. This promotes H3K9 acetylation and alters
[64]
the expression of several miRNAs . Changes in the
microbiota and viral liver infections can also modify DNA
[65,66]
methylation, altering gene expression
.

THERAPIES
HCC is difficult to diagnose by current methods with
biopsy being the most validated method. However, it
is difficult to obtain a representative biopsy sample
[67]
because open tumor biopsies of HCC are not allowed .
This scenario makes difficult to perform an accurate
diagnostic.
Chronic liver diseases caused by hepatitis virus B
and/or C virus are the most prevalent causes of HCC.
However, other factors have been related to increase
the prevalence of HCC such alcohol-related liver
diseases, obesity, and type 2 diabetes mellitus-related
[45]
non-alcoholic fatty liver .
The HGF/c-Met axis has been proposed as a key
target for clinical intervention. This is due to its relevance
in cellular processes such as 3D morphogenesis, cell
survival and metastasis. Due to their key role in HCC,
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Table 2 Compounds used in clinical trials to treat hepatocellular carcinoma patients
Agent
Sorafenib
Cabozanitinib
Brivanib
Foretinib
Everolimus
Cobazitinib

Targets

Phase

Activity

HCC stage

Ref.

Raf, MAPK, VEGFR, PDGFRb

III

Advanced

[98]

VEGFR2, KIT, RET, AXL
FGFR, VEGFR
FLT1, PDGFRb, c-Met, VEGFR-2, Tie-2
FLT4, RON, FLT3, KIT
mTOR
c-Met, VEGFR-2, RET

III
II
II

Advanced
Advanced
Advanced

[99]
[100]
[101]

Advanced
Advanced

[102]
[103]

III
Ib/II
II
II
Ib
I

Anti-tumor
Anti-angiogenesis
Anti-tumor
Anti-angiogenesis
Anti-tumor
Anti-angiogenesis
Anti-tumor
Anti-tumor
Anti-angiogenesis
Anti-angiogenesis
Anti-tumor, anti-mestastasis
Anti-tumor
Anti-angiogenesis
Anti-tumor
Anti-tumor, anti-angiogenesis

Advanced
Advanced
Advanced
Advanced
Advanced
Advanced

[104]
[105]
[106]
[107]
[108]
[109]

I
Ib

Anti-tumor
Anti-angiogenesis

Advanced
Advanced

[110]
[111]

II
II
II

Anti-tumor
Anti-tumor
Anti-tumor

Advanced
Advanced
Advanced

[102]

Ramucirumab
MSC2156119J
Gefitinib
Bevacizumab
AZD6244
AZD4547

MK2461
Crizotinib
Bortezomib
Docetaxel
INC280

VEGFR-2
c-Met
EGFR, c-Met, HGF,
VEGFRs
MEK1/2
p-FGFR-1, p-FGFR-2
p-c-Met,
p-AKT,
p-ERK
c-Met, Ftl-1
p-c-Met
ALK
Proteasome inhibitor
EGFR
p-c-Met

III
II

[111]

HCC: Hepatocellular carcinoma.
[45]

HGF and c-Met have been proposed as essential
therapeutic targets (Table 2). A recent review on the
therapeutic targeting of the HGF/c-Met signaling in HCC
[68]
has focused on small c-Met kinase inhibitors . This
same review also comments problems as resistance to
c-Met targeting drugs and side effects of c-Met targeting.
Although some improvements have been obtained
in HCC therapy, this cancer still remains largely
incurable. Nowadays, there is palliative therapy using
a multikinase inhibitor, such as sorafenib, which limits
[69]
cell proliferation, and tumor angiogenesis . Many
clinical trials have shown that sorafenib improves overall
survival of patients with advanced HCC. However,
there is no effective treatment for HCC based on
conventional monotherapies using tyrosine kinase
inhibitors. For example, a monotherapy with Tivantinib,
a small molecule tyrosine kinase inhibitor exhibiting
a high selectivity against c-Met, was clinically tested.
Unfortunately, in a phase III clinical trial, this compound
failed to meet the primary endpoint.
HCC develops resistance to the conventional
[7]
chemotherapy and radiotherapy treatments . Moreover,
[70]
the tumor microenvironment blocks drug effects .
HGF confers resistance of HCC to inhibitors of EGFR.
On the other hand, HGF decreases the expression of
[71]
E-cadherin and increases the expression of Snail 1, to
[72]
protect cancer cells from apoptosis .

Novel strategies against HCC

Another difficulty in detecting HCC is the lack of
a clinically relevant circulating biomarker. Current
investigations are focused on discovering circulating
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[73]

+

biomarkers . Sitia et al
showed that the CD8 T
cell/platelet ratio could be a sign of HCC progression.
[73]
Moreover, Sitia et al
verified that aspirin or
clopidogrel, two anti-platelet drugs, decreased the
+
number of CD8 T cells in liver infected with hepatitis
B virus. After treatment with anti-platelet drugs, they
observed a decrease in inflammation, fibrosis severity,
[73]
and progression to HCC in a transgenic mouse model .
The effect was enhanced when mice were treated with
aspirin and clopidogrel. The authors concluded that
+
anti-platelet drugs diminished the amount of CD8 T
cells into the liver, avoiding hepatocellular necrosis,
hepatocyte regeneration, and inflammation. These
events prevent or delay HCC in the mouse model used.
On the other hand, this treatment does not eradicate
the viral infection.
Preclinical studies in animals have shown that antilymphangiogenic strategies, sequestering VEGF-C and
VEGF-D, or blocking VEGFR-3 with antibodies, are feasible
[74]
therapies against HCC tumors . Experimental therapy
against Nrp-2 reduced tumor lymphangiogenesis,
apparently delaying the departure of cells from the
[44]
primary tumor . Lymphatic cells release CXCL12,
which can be blocked with antibodies and may provide
[75]
therapeutics benefits . Inhibiting the expression of Nrp1revealed that Nrp-1 is required to activate VEGFR-2
[76]
signaling-dependent mitogenic .
Novel anticancer strategies are emerging based
on ncRNA expression, because they have a myriad of
cell functions, such as chromatin remodeling, protein
[57,77]
transport, genes transcription and metabolism
.
MicroRNAs (miRs) are being studied in cancer for their
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Table 3 List of compounds analyzed in laboratories that show potential anti-tumor properties against hepatocellular carcinoma
Agent
LZ8

Damnacanthal
GEN-203
JNJ38877605
SRI31215
Madecassoside
PHA665752
EPZ011989
YC-1

Target

Activity

Ref.

Inhibits the expression of c-Met, ERK, AKT
Inhibits the phosphorylation of JNK, AKT, ERK, p-AKT
Stabilizes p53
Inhibits the phosphorylation of c-Met
Decreases MMP-2 activity
Inhibits the phosphorylation of c-Met
Inhibits phosphorylation of c-Met
Blocks pro-HGF activation
Inhibits the phosphorylation of ERK1/2 and
PKC
Inhibits phosphorylation of c-Met and FGFR
Inhibits histone methylation
Inhibits the DNA synthesis

Induces apoptosis

[112]

Inhibits cell proliferation and cell invasion

[113]

Blocks cell proliferation
Induces apoptosis
Inhibits cell proliferation
Blocks cell proliferation

[114]
[70]
[70]
[115]

Blocks cell proliferation
Blocks cell proliferation
Arrests cell cycle and induce apoptosis

[116]
[82]
[117]

key role as post-transcriptional regulators of gene
expression, and for their potential to be used to classify
[78]
tumors . Recently studies are revealing that some
miRNAs could be useful as prognostic biomarkers based
on their presence in serum. They could be promising
therapeutic targets as well.
Combinations of current drugs used for clinical
treatments, such as sorafenib, tivantinib, 5-fluorouracil
(5-FU), and potential miRs inhibitors, such as miR-93
[79]
inhibitor, are proposed as promising anti-HCC therapies .
[80]
Other studies demonstrated that miR26 , miR-499, miR30a, miR-122, and miR-148, among others, play a role in
the development of normal physiological function in liver.
Some anti-cancer therapies against HCC are focused
on HDACs as key targets. HDAC inhibitors (either
miRNAs or small molecule HDAC inhibitors) have
been shown to increase apoptosis and decrease cell
proliferation. HCC treated with trichostatin A (TSA), a
compound described as HDAC inhibitor, as well as with
siRNA against HDACs (-1, -2, and -3) have increased
[60]
apoptosis and decreased cell proliferation . Sirtuins,
vorinostat, romidepsin, belinostat, panobinastat,
valproate and ITF2357 are HDAC inhibitors that have
[55]
shown promising anti-cancer effects in clinical trials .
Histone methyltransferases, such as SET8, SUV39H1
and EZH2, are also promising targets for HCC therapy.
Experiments performed in HCC cells showed that the
silencing of EZH2 decreased the expression of CDKN2A,
[81]
FOXO3, E2F1 and NOTCH2 . The silencing of EZH2
also repressed the expression of miR-622, increasing
[61]
CXCR4 levels . Small molecule inhibitors against
EZH2, such as EPZ011989, may be potentially useful
[82]
for the treatment of HCC patients .
The discovery of novel molecules related with HGF/
c-Met axis signaling pathways presents a promising
clinically avenue for predicting individual susceptibility
and designing better specific personal therapies (Table 3).

to diagnose and the current treatments only produce
modest therapeutic benefits. Moreover, the lack of
biomarkers for early diagnosis contributes to making
HCC one of the cancer types with the poorest prognosis.
Novel approaches to elucidate the molecular etiology
of HCC have shown that, in addition to the HGF/
c-Met axis signaling, there are other receptors and
ligands involved. Dysregulation in protein interactions,
lncRNAs, post-translational modifications in histones,
and DNA methylation levels can be responsible for cell
proliferation, migration, invasion, and mestastasis.
Novel treatments are being developed against HDACs,
methyltransferases, and miRs, among other molecular
targets. Therapies combining HGF/c-Met signaling
pathway inhibitors with epigenetic inhibitors, such as
histone methyltransferase or HDAC inhibitors, seem
to be the most promising therapies to date. Additional
experimental efforts will be needed to identify useful
predictive biomarkers and to suggest new personal
therapies.
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lethal malignancies worldwide, with a very poor prognosis
and a five-year survival rate less than 8%. This dismal
outcome is largely due to delayed diagnosis, early distant
dissemination and resistance to conventional chemotherapies. Kras mutation is a well-defined hallmark of
pancreatic cancer, with over 95% of cases harbouring
Kras mutations that give rise to constitutively active forms
of Kras. As important down-stream effectors of Kras,
p21-activated kinases (PAKs) are involved in regulating
cell proliferation, apoptosis, invasion/migration and
chemo-resistance. Immunotherapy is now emerging as a
promising treatment modality in the era of personalized
anti-cancer therapeutics. In this review, basic knowledge
of PAK structure and regulation is briefly summarised and
the pivotal role of PAKs in Kras-driven pancreatic cancer
is highlighted in terms of tumour biology and chemoresistance. Finally, the involvement of PAKs in immune
modulation in the tumour microenvironment is discussed
and the potential advantages of targeting PAKs are
explored.

Kai Wang, Graham S Baldwin, Mehrdad Nikfarjam, Hong
He, Department of Surgery, University of Melbourne, Melbourne
3084, Australia
ORCID numbers: Kai Wang (0000-0003-4152-8752); Graham
S Baldwin (0000-0002-0944-8747); Mehrdad Nikfarjam
(0000-0003-4866-276X); Hong He (0000-0002-2342-8750).
Author contributions: Wang K reviewed the literature and
drafted the manuscript; He H, Baldwin GS and Nikfarjam M
revised the manuscript; all authors approved the final version of
this review.
Conflict-of-interest statement: No potential 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/

Key words: Pancreatic cancer; Kras; p21-activated
kinases; Cell signalling; Chemo-resistance; Immune
response; Tumour microenvironment

Manuscript source: Unsolicited manuscript
Correspondence to: Hong He, MD, PhD, Senior Research
Fellow, Department of Surgery, University of Melbourne, Austin
Health, 145 Studley Rd., Heidelberg 3084, Victoria,
Australia. hong.he@unimelb.edu.au
Telephone: +61-3-94965468

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic cancer is still one of the most
lethal malignancies, with a five-year survival of less
than 8%. The dismal prognosis is largely the result of
reprogramming of the tumour microenvironment, which
leads to chemo-resistance and high aggressiveness. So
far, combination chemotherapies can only marginally
improve patients’ survival, but with high toxicity.
Therefore, alternative treatment targeting protein kinase
signalling has been proposed. As downstream effectors
of Kras signalling, p21-activated kinases (PAKs) are
positioned at the nexus of multiple oncogenic signalling
pathways. Here, the importance of PAKs as therapeutic
targets in Kras signalling is discussed, and their essential
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Abstract
Pancreatic cancer is one of the most aggressive and
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role in tumour biology and immune modulation within
the tumour microenvironment is highlighted.

order to overcome this challenge, approaches targeting
novel downstream effectors of the Kras protein are
urgently needed. Recently, the National Cancer Institute
in the United States has proposed a new project to
fight against Ras-driven cancers, with the stated aim
that new therapeutic strategies interfering with Rasdependent signalling pathways should be given priority
[11]
in cancer research . One such family of novel effectors
is the p21-activated kinases (PAKs), which are activated
by Kras and by other small GTPases like Cdc42 and
Rac by both direct and indirect mechanisms. PAKs are
positioned at the nexus of multiple oncogenic signalling
pathways that mediate a variety of hallmark processes
in pancreatic cancer.
Pancreatic cancer has its own unique immune response
during tumour development. The Kras oncogene can
mediate the inflammatory process and establish within
the tumour microenvironment an immune-privileged
condition, which is responsible for the suppression of
effector cells and the stimulation of immunosuppressive
[12]
cells . Additionally, the extensive desmoplastic reaction
in pancreatic cancer also functions as a physiological
barrier against immune surveillance, leading to evasion
of the anti-tumoural immune response and tumour
[13]
progression .
In this review, basic knowledge of PAK structure and
regulation is briefly summarised, and the importance
of PAKs as a therapeutic target in Kras signalling is
highlighted. The essential role of PAKs in regulating tumour
biology and stromal re-programming, especially of the
immune response within the tumour microenvironment, is
also discussed.
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INTRODUCTION
Pancreatic cancer is a highly aggressive and lethal
malignancy with a dismal prognosis. In contrast to
the improvements in therapies and the consequent
increasing long-term survival rate for most other cancers,
few advances have been achieved in pancreatic cancer,
for which the overall five-year survival rate is still less
[1]
than 8% . The death rate from pancreatic cancer
continues to increase by 0.3% per annum, and it is
estimated that this malignancy will become the second
most common cause of cancer-related death in the
[2]
United States by 2030 .
Although surgery remains the only curative treatment,
chemotherapy is still an important and indispensable
treatment in maximizing the life span for both resectable
and unresectable patients. Currently gemcitabine-based
combination therapies and FOLFIRINOX (irinotecan,
oxaliplatin, fluorouracil, and leucovorin) are the main
stream approaches for patients with local advanced and
metastatic pancreatic cancer, with an increased survival
[3-6]
compared to gemcitabine alone . However, the modest
improvement in survival, the highly toxic side effects
and chemo-resistance have become major challenges
in the clinical setting. Therefore, there is an urgent need
to develop more effective and less toxic therapeutic
strategies to treat this malignancy.
Progression of pancreatic cancer is marked by an
accumulation of multiple genetic mutations, of which
mutation in the Kras oncogene is the most frequent,
with over 95% of pancreatic cancers harbouring a
[7]
Kras mutation . The presence of missense mutations
at codons 12, 13 or 61 within the Kras gene disrupts
the physiological inactivation cycle of the Kras protein,
resulting in a constitutively activated state even in the
presence of GTPase activating protein.
The Kras protein is notable for the absence of a
[8]
well-defined drug-binding domain on its surface . So
far, despite over thirty years of intensive biomedical
research, no drug directly targeting the Kras protein
has proved to be an effective cancer treatment in the
[7,9]
clinic . While some exciting and promising results
have appeared for treatments that targeted important
downstream effectors of Kras such as PI3K, AKT and
MEK, resistance developed rapidly in almost all cases,
[10]
making these molecular targets less effective . In
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STRUCTURE AND ACTIVATION OF PAKS
PAKs are a family of serine/threonine kinases that
are the downstream effector proteins of Ras, and of
other small GTPases such as Cdc42 and Rac. The six
known members of the PAK family can be categorized
by similarities in their sequence and structure into two
[14]
groups: group I (PAK1-3) and group II (PAK4-6) .
All PAKs are characterized by an N-terminal regulatory
domain and a conserved C-terminal serine/threonine
kinase domain with a single phosphorylation site (Figure
1), but the activation of group I and group II PAKs is
[15,16]
regulated through completely different mechanisms
.
The group I PAKs share a high level of structural
homology with over 88% identity in the GTPase-binding
domain (GBD) that is responsible for binding Cdc42
or Rac, and more than 93% identity in the kinase
[14]
domain . However, their tissue specific distribution
is quite different from each other. PAK1 can be found
in various organs including brain, mammary gland,
muscle, and spleen; PAK2 is ubiquitously expressed;
whereas PAK3 is only expressed in the nervous
[17]
system . The N-terminal regulatory domain of group
I PAKs contains an autoinhibitory domain (AID) that
overlaps with the GBD. In the inactivated state, group
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Figure 1 Structure of p21-activated kinases. The six members of the PAK family can be divided by sequence and structural differences into two groups: Group I
(PAK1-3) and group II (PAK4-6). All PAKs have an N-terminal regulatory domain and a conserved C-terminal serine/threonine kinase domain. In group I PAKs, the
regulatory domain contains an AID, whereas group II PAKs (with the possible exception of PAK5) do not have a well-defined AID, but instead an AID-like domain. PIX:
PAK-interactive exchange factor; PAK: p21-activated kinases; AID: Autoinhibitory domain; GBD: GTPase-binding domain.

I PAKs form homodimers, with the AID domain of
one PAK molecule binding to the kinase domain of its
companion. When Cdc42/Rac binds to the GBD, binding
of the AID to its partner PAK is disrupted. This critical
process generates two PAK monomers, and allows
423
the subsequent autophosphorylation at the Thr site,
[18-21]
which is important for maintaining PAK1 activation
.
Group II PAKs have a quite different structure
from group I PAKs, but the three members are still
similar to each other. They share at least 60% identity
in the N-terminal GBD and over 75% identity in the
kinase domain. However, the identities between Group
I and Group II PAKs are less than 40% in the GBD
[14]
and only about 54% in the kinase domain . PAK4 is
highly expressed throughout embryonic development,
and ubiquitously expressed in all adult tissue at a
[22,23]
low level
. PAK5 is specifically expressed in the
[24]
brain . PAK6 is not only found in the adult nervous
system, but also in the male reproductive system (e.g.,
testes and prostate). This distribution correlates with
its important role in the androgen receptor signalling
[25,26]
pathway
. Although group II PAKs (with the possible
exception of PAK5) have no well-defined AID in the
N-terminal domain, later studies have reported AID[27,28]
like domains
. Unlike group I PAKs, group II PAKs
are monomers and are constitutively phosphorylated,
[15]
even in their inactivated state . Although there is still
much debate on the exact activation mechanism of
group II PAKs, two different activation models have
been proposed over the last decade. In the first model,
the AID-like domain binds to the kinase domain of the
same molecule, which results in an inactive confirmation
regardless of the constitutive autophosphorylation. When
Cdc42 binds to the GBD, binding of the AID-like domain
to the kinase domain is disrupted, leading to an active
[15]
conformation . In the second model, an autoinhibitory
pseudo-substrate domain, next to the GBD but distinct
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from the AID, interacts with the kinase domain, reducing
activity. The binding of Cdc42 to GBD translocates
the group II PAK to a subcellular region where a Src
homology 3 domain-containing protein binds to the
autoinhibitory pseudo-substrate domain, preventing its
interaction with the kinase domain and hence increasing
[28]
activity .

ROLE OF PAKS IN KRAS-DRIVEN
ONCOGENIC PATHWAYS
Kras is the most frequently mutated isoform observed
in all types of human cancer compared to NRas and
Hras. Kras mutation is a key oncogenic driver in
the development of pancreatic, colorectal and lung
[29]
cancer . It acts as a regulatory switch in diverse
sub-cellular signal transduction networks, which are
responsible for stem-cell like features, cell survival,
[30]
proliferation, invasion and migration .
A study of a genetically engineered mouse model
G12D
for pancreatic cancer, the KPC (LSL-Kras
; LSLR172H
Trp53
; Pdx1-Cre) model, has revealed that
G12D
expression of the Kras
mutation is sufficient to
induce pancreatic intraepithelial neoplasia (PanIN),
[31]
followed by advanced carcinoma . Similarly, Ying and
G12D
colleagues demonstrated that the Kras
mutation
was necessary for the maintenance of pancreatic
cancer as Kras depletion resulted in rapid tumoural
regression and stromal degeneration in an oncogenic
[32]
Kras-induced tumour model . Mutated Kras can cause
phosphorylation and activation of other p21 proteins
such as Rac1 and Cdc42, through both canonical and
[33]
alternative pathways . Then the interaction between
Rac1/Cdc42 and PAKs can increase PAK activity, leading
to persistent activation of downstream signalling
pathways such as the RAF/MEK/ERK and PI3K/PDK1/
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and hence activation of PAK1 .
There is increasing evidence for a key role of PAK1
in regulating Kras-dependent signalling pathways. PAK1
338
can phosphorylate c-RAF at Ser in NIH3T3 cells (murine
fibroblast cell line), and inhibition of group I PAK kinase
activity significantly reduced the phosphorylation of
298
MEK1 at Ser and the activation of ERK in response to
different growth factors (e.g., platelet-derived growth
factor or epidermal growth factor) in NIH3T3 and HeLa
[46]
[47]
cells (human cervical cancer cell line) . Huynh et al
demonstrated that PAK1 stimulates colon cancer cell
proliferation, migration/invasion, and survival via ERKand AKT-dependent pathways. Inhibition of PAK1
effectively inhibits both ERK and AKT, to an extent
which cannot be achieved by inhibition of either alone.
Another study also showed that genetic deletion of
PAK1, followed by decreased ERK and AKT activity,
suppressed tumourigenesis and progression in a Kras[48]
mediated skin cancer model . In contrast, Tabusa
and colleagues found that knockdown of PAK1 or PAK4
inhibited the proliferation of Kras-mutated colorectal
cancer cells via non-canonical pathways independent of
[49]
RAF/MEK/ERK and PI3K/AKT signalling .
A relationship between PAK4 and Kras has been
identified through genetic analysis of human pancreatic
[50]
cancer cell lines and patients’ samples . By sequencing
the Kras gene in PAK4-amplified tumour samples,
mutations in codon 12 were observed in 4 out of
the 5 samples. Furthermore, genomic amplification
and overexpression of Kras occurred in 3 samples.
Interestingly, no mutations were detected in Kras or
PAK4 in the fifth sample, but the observation of increased
PAK4 expression suggests that PAK4 could be upregulated and activated through some Kras-independent
pathways. Taken together, the above evidence suggests
that PAKs play an important role in interacting with and
transmitting Kras-driven oncogenic signals in different
kinds of human cancer.

Kras

PAK

Rac1/Cdc42

RAF

PI3K

MEK
PDK1
AKT
ADM/PanIN/PDAC transition

Crk

ERK

Cell proliferation, migration, survival

Figure 2 Role of p21-activated kinases in Kras-driven oncogenic
signalling pathways. Rac1 is the 4th best validated effector in Kras signalling
and is a well-defined upstream protein of PAKs. Rac1 plays an important
role in the ADM/PanIN/PDAC transition. In addition, Rac1/Cdc42 mediates
this pathological process via the PI3K-PDK1 signalling pathway. PDK1 can
also interact with PAK1, leading to its phosphorylation. The Kras oncogene
activates PAKs through direct and indirect pathways. Activated PAKs can
increase cancer cell proliferation, migration and survival through activation of
AKT, Crk and RAF-MEK-ERK pathways. PAK: p21-activated kinases; ADM:
Acinar-ductal metaplasia; PDAC: Pancreatic ductal adenocarcinoma; PDK1:
Phosphoinositide-dependent kinase-1.
[34-37]

AKT pathways
(Figure 2).
A recent study of non-small cell lung cancer reported
423
that Kras-mutated tumours expressed more Thr phosphorylated PAK1 than Kras-wild type tumours,
and that the Kras/PAK1/Crk axis played an essential
[38]
role in the oncogenesis of Kras-mutated lung cancer .
Activation of PAK1 could also be mediated by multiple
Kras-dependent pathways via different cell surface
receptors. Dominant-negative Ras, Rac, and Cdc42
suppressed PAK1 activation whereas activated Rac1 and
Cdc42 were able to stimulate PAK1 even in the absence
[39]
of any agonists . As a potent activator of PAK1, Rac1
th
is the 4 best validated effector in the Kras-driven cell
[40]
signalling cascade . In an early study, Rac1 was found
to be associated with pancreatic acinar plasticity and
Rac1 inhibition reduced acinar cell damage induced
[41]
by pathological inflammation . The important role of
Rac1 in early metaplasia and neoplasia-related actin
rearrangements has been revealed in a Kras-driven
[42]
mouse model of pancreatic cancer . Rac1 ablation
in this model reduced the incidence of acinar-ductal
metaplasia (ADM), PanIN and tumour formation and
significantly improved animal survival. Interestingly,
this study also found that Rac1 was not indispens
[42]
able in pancreas development . Similarly, Zheng
[43]
et al
reported that Rac1 and Cdc42 could mediate
the activation of PI3K by interacting with its 85-kDa
regulatory domain. Another study documented that
PI3K together with PDK1 acted as critical downstream
effectors of oncogenic Kras signalling in mediating ADM
[44]
and formation of pancreatic cancer . PDK1 was also
reported to interact with PAK1 both in vitro and in vivo,
423
leading to increased phosphorylation at the Thr site
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PAK SIGNALLING IN PANCREATIC
CANCER
Amplification of the PAK1 gene within chromosomal
region 11q13 was reported to be linked to both
tumourigenesis and poor prognosis of different human
[51,52]
cancers
. Amplification of the PAK4 gene within
chromosomal region 19q13.2 was also identified in a
variety of human malignancies, especially pancreatic,
[50,53,54]
breast, and ovarian cancer
. By using fluorescent
in situ hybridization on tumour microarrays, Kimmelman
[55]
et al
found PAK4 amplification occurred in 14 of 63
(22%) pancreatic cancer samples. In addition, RT-qPCR
and Western blots showed increased PAK4 expression in
multiple pancreatic cancer cell lines regardless of gene
amplification, implying different underlying mechanisms
mediating PAK4 expression. Interestingly, the observation
that the CCND1 (Cyclin D1) and CCNE1 (Cyclin E1)
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Figure 3 p21-activated kinases signalling in the development of pancreatic cancer. PAK signalling is involved in several pathobiological processes in pancreatic
cancer, including proliferation, migration/invasion, apoptosis and maintenance of stem cell-like properties. Amplification of the PAK1 and PAK4 genes, present within
the chromosomal regions 11q13 and 19q13.2, respectively, has been observed. Activated PAK1 regulates cell transformation and the invasive EMT phenotype of
pancreatic cancer cells via the NF-κB-p65-fibronectin axis. Additionally, MUC13 promotes cancer cell growth and invasion/migration, and reduces animal survival, by
up-regulating expression and phosphorylation of PAK1. Furthermore, PAK4 modulates proliferation and survival by mediating the activity of NF-κB via AKT- and ERKdependent pathways, and cancer stem cell-like properties via STAT3 signalling. Pharmacological or genetic inhibition of PAK1 or PAK4 leads to decreased cancer cell
proliferation, invasion/migration and PSC activation in vitro, and reduced tumour growth and metastasis, and increased animal survival in vivo. PAK: p21-activated
kinases; PSC: Pancreatic stellate cells.

genes were co-amplified within the same chromosomal
[16,56]
region as PAK1 and PAK4, respectively
, suggests
that co-amplification of PAK1 with CCND1 and PAK4 with
CCNE1 may have synergistic effects on the initiation and
progression of pancreatic cancer.

and the invasive EMT phenotype of pancreatic cancer cells
(Figure 3). Early studies also showed the localization of
[60]
activated PAK1 to the cell nucleus and its involvement
in the activation of NF-κB, by demonstrating that active
Ras or Rac1 stimulated NF-κB in a PAK1-dependent
manner and that active PAK1 itself could stimulate NF-κB
[61]
as well . An important transmembrane mucin (MUC13)
was also reported to be involved in PAK1 signalling in the
[62]
development of pancreatic cancer . Overexpression
of MUC13 promoted cancer cell proliferation, invasion/
migration and anchorage-dependent or -independent
colony formation in vitro and led to increased xenograft
tumour growth and decreased animal survival in vivo.
These tumourigenic properties were closely associated
with the up-regulated expression and phosphorylation
of PAK1, ERK and AKT, and suppression of p53. Wei
[57]
et al screened a panel of pancreatic cancer cell lines and
characterized PAK1 as a key downstream effector of cell
motility triggered by multiple growth factors. In their
study, PAK1 inhibition not only restored sensitivity to a
hepatocyte growth factor/Met antagonist (onartuzumab)
in the presence of exogenous growth factors or PAK1amplification in vitro, but also suppressed tumour growth
and metastasis in vivo.

Role of PAK1 in tumour proliferation, migration and
tumour-stroma interaction

A study of 304 human primary pancreatic cancer
samples found that 262 (86%) cases were positive for
cytoplasmic PAK1 staining, and approximately one-third
of all samples showed moderate (2+) to strong (3+)
intensity in the malignant cells and nuclear localization
[57]
of PAK1 . Two more recent studies have also shown
increased PAK1 expression in resected human pancreatic
cancer tissues and cell lines, when compared to the
adjacent normal pancreas and an immortalized normal
[58,59]
pancreatic ductal epithelial cell line, respectively
.A
PAK1 knock-down pancreatic cancer cell line failed to
[58]
develop tumours in nude mice and showed markedly
[59]
reduced proliferation . Furthermore, Jagadeeshan
and colleagues demonstrated that fibronectin was a
transcriptional target of PAK1 signalling via the NF-κBp65-fibronectin axis, which modulates cell transformation
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In recent years, the interaction between pancreatic
cancer cells and pancreatic stellate cells (PSCs) has
become the focus of pancreatic cancer research.
Activation of PSCs by cancer cells is predominately
responsible for fibrosis and stromal remodelling. The role
of PAK1 in modulating EMT markers (e.g., fibronectin,
E-cadherin, and vimentin) has been established in early
[63]
studies . A recent study revealed the role of PAK1
in PSC modulation for the first time by showing that
inhibition of PAK1 by FRAX597 (a potent group I PAK
inhibitor) reduced the activation and proliferation of
PSC and increased apoptosis in vitro. In an orthotopic
pancreatic cancer mouse model, survival in the PAK1
knockout group was significantly increased compared
to the PAK1 wildtype group, and depletion of PAK1 in
the pancreatic stroma also reduced PAK1 expression
[64]
and activity in the tumour . Similarly, survival was
prolonged in the group treated with FRAX597 plus
gemcitabine in the same orthotopic pancreatic cancer
[59]
model . These results pave the way to a detailed
investigation of the role of PAK1 in tumour-stroma
interactions in order to improve therapeutic response by
using targeted inhibitors.

associated transcription factors (Oct4/Nanog/Sox2 and
KLF4), whereas PAK4 silencing caused reduced nuclear
accumulation and transcriptional activity of STAT3 and
[67,68]
loss of stem cell phenotypes
. The accumulated
evidence, which suggests that PAKs are positioned at the
convergence point of numerous oncogenic pathways,
highlights their potential as promising therapeutic targets
in the treatment of pancreatic cancer.

PAKS AND CHEMO-RESISTANCE IN
PANCREATIC CANCER
Currently, surgical resection is the only curative treat
ment for pancreatic cancer. However, due to the lack of
biomarkers for early diagnosis, low surgical resectability
(only 15%-20% of patients are considered to be eligible
[69]
candidates) , and high recurrence rate (up to 60%),
the overall median survival is still less than 20 mo in
patients undergoing resection of pancreatic cancer with
[70]
curative intent . Therefore, chemotherapy remains a
crucial alternative or adjuvant treatment for patients
[71]
with resectable or unresectable tumours .
Two decades ago, gemcitabine emerged as the
[72]
standard of care for pancreatic cancer patients . So
far, gemcitabine + nab-paclitaxel and FOLFIRINOX
have been approved by the United States Food and
Drug Administration as first-line therapies, especially for
patients with locally advanced and metastatic pancreatic
[3,6]
cancer . Although previous clinical studies reported
several advantages of gemcitabine over 5-FU, including
prolonged median survival, improved tumour-related
[73-75]
symptoms and lower systemic toxicity
, the results
were still unsatisfactory, with effective responses in less
than 10% of patients. Therefore, various modifications
of gemcitabine treatment have been designed to
overcome resistance and increase drug delivery into the
[76]
tumour. These modifications include CO-101 (a lipidconjugated gemcitabine, which can be transported into
tumour cells independently of the human equilibrative
[77]
nucleoside transporter, and Acelarin
(an aryloxy
phosphoramidate derivative of gemcitabine with greater
lipophilicity, which accumulates in cancer cells by passive
diffusion independently of the nucleoside transporter).
However, intrinsic and acquired gemcitabine resistance
occurs in most patients, and its underlying molecular
mechanism is still not fully understood.

Role of PAK4 in tumour proliferation, migration, survival
and stemness maintenance

PAK4 expression is reported to be correlated with
[65]
pancreatic cancer pathology. Tyagi et al found 54 out
of 56 tumour samples from patients with pancreatic
cancer had positive PAK4 staining, with no PAK4 positive
staining in normal pancreatic tissue. Furthermore,
PAK4 promoted cancer cell proliferation and survival by
stimulating the nuclear accumulation and transcriptional
activity of NF-κB via AKT- and ERK-dependent pathways
(Figure 3). PAK4 knockdown in pancreatic cancer cells
caused suppression of growth and colony formation
associated with reduced expression of cell-cycle (cyclin
A1, D1, E1) and anti-apoptosis (Bcl2, Bcl-xL) proteins.
Similarly, inhibition of PAK4 by PF-3758309 (a potent
pan-PAK inhibitor) suppressed cancer cell proliferation
[66]
and migration both in vitro and in vivo . Kimmelman
[55]
et al
identified Rio Kinase 3 and PAK4 as amplified
genes in highly recurrent and focal amplifications
in pancreatic cancer. Rio Kinase 3 can activate the
small GTPase protein Rac, which can subsequently
promote cell motility and invasion via PAK4-mediated
signalling. In addition, overexpression of activated PAK4
resulted in increased invasion/migration in a gain-offunction experiment, while PAK4 knockdown by shRNA
significantly reduced anchorage independent growth in
a loss-of-function experiment. Recently, PAK4 has been
shown to modulate STAT3 signalling in the maintenance
of pancreatic cancer stem cells, which are considered
to be responsible for high aggressiveness and chemo+
resistance. Pancreatic cancer stem-like cells (CD24 /
+
+
CD44 /EpCAM ) showed higher PAK4 expression as
compared to triple negative cells (CD24 /CD44 /EpCAM ).
PAK4 expression enhanced the expression of stem cell-
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Mechanisms involved in chemo-resistance of cancer
cells

In a prospective randomized clinical study, the human
equilibrative nucleoside transporter 1(hENT1), which
is the principal cellular transporter of gemcitabine, was
found to be a valuable predictive marker of gemcitabine
[78]
sensitivity in patients with resected pancreatic cancer .
In addition, a comparative study also indicated that
decreased hENT1 expression was associated with
gemcitabine resistance and poorer overall survival in
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[79]

patients with pancreatic cancer . However, an early
study reported that up-regulated hENT1 expression was
also observed in some gemcitabine-resistant pancreatic
[80]
cancer cell lines . This evidence implicated hENT1 as
the predominant, but not the only, metabolic protein
mediating resistance. To some extent, hENT2 and the
human concentrative nucleoside transporters hCNT1
and hCNT3 may also contribute to the development of
[81,82]
acquired and intrinsic gemcitabine resistance
. Moon
and colleagues have shown that gemcitabine-resistant
cell lines express more PAK4 and less hENT1. PAK4
knockdown in gemcitabine-resistant cell lines induces
the up-regulation of hENT1 and restoration of sensitivity
[83]
to gemcitabine . In contrast, one recent retrospective
clinical study, which analyzed 160 resected human
pancreatic cancer samples by immunohistochemistry,
reported that higher expression of PAK4 was correlated
[84]
with higher expression of hENT1 . Therefore, the
controversial role of PAK4 in regulating hENT1 should be
further explored.
[85]
Furthermore, Jagadeeshan et al
revealed that
PAK1 plays a pivotal role in mediating gemcitabine
resistance by altering apoptosis and survival signals,
and suppressing DNA damage via the NF-κB pathway.
Phosphorylation of PAK1 and ribonucleotide reductase
M1 was elevated in patient samples when compared
with normal tissue. Combination treatment with a PAK1
inhibitor synergistically improved gemcitabine efficacy
and led to tumour regression in animal models. In
agreement with this finding, inhibition of PAK1 or/and
PAK4 by shRNA knockdown or PAK inhibitors enhanced
[59,66]
gemcitabine sensitivity both in vitro and in vivo
.
Other potential PAK-associated signalling pathways
also contribute to chemo-resistance. Higher expression of
HIF-1α was observed in gemcitabine-resistant pancreatic
[86]
cancer cell lines and inhibition of HIF-1α can sensitize
[87]
cancer cells to gemcitabine treatment . The increased
activity of HIF-1α was associated with inhibition of the
transcription of hENT1 and hENT2, leading to reduced
expression of transporter proteins followed by decreased
[88,89]
gemcitabine uptake
. The critical role of PAKs in
regulating HIF-1α has been demonstrated in our previous
studies, which showed that PAK1 could enhance cancer
cell survival by up-regulation of HIF-1α and that inhibition
of PAK1 caused decreased expression of HIF-1α and
[59,90]
tumour growth
. Another recent study also found
that PAK4 inhibition reduced expression of HIF-1α via the
[91]
AKT-mTOR-4E-BP1 axis .
Additionally, the important transcription factor
NF-κB is also a critical regulator closely associated
with gemcitabine resistance in pancreatic cancer. As
discussed above, localization of active PAK1 to the
[60,61]
nucleus is involved in activation of NF-κB
, and
both PAK1 and PAK4 contribute to cell transformation,
proliferation and survival via NF-κB-dependent signalling
[58,65]
pathways in pancreatic cancer
. Over a decade
ago, Arlt and colleagues revealed that resistant cell
lines (BxPC-3, Capan-1 and PancTu-1) showed higher
expression of NF-κB, comparing to sensitive cell lines
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(PT45-P1 and T3M4). Treatment of these five pancreatic
cancer cell lines with gemcitabine induced NF-κB activity
[92]
in a dose-dependent manner . Inhibition of the p65
subunit of NF-κB by siRNA can improve gemcitabine
sensitivity to suppress proliferation and induce
[93]
apoptosis both in vitro and in vivo . In agreement
[94]
with this conclusion, Skrypek et al
also showed that
decreased activation of NF-κB pathway was correlated
with an alteration of hCNT1 expression and increased
gemcitabine sensitivity in MUC4-knockdown pancreatic
cancer cell lines.
Furthermore, both expression and activity of PAK4
have also been reported to be up-regulated in cisplatinresistant cancer cells as compared with parental cells.
Inhibition of PAK4 diminished cisplatin resistance via PI3K/
[95]
AKT and MEK/ERK-dependent signalling pathways .

Stromal remodelling

The extensive desmoplastic reaction, which is a hallmark
of pancreatic cancer, is reported to result in a dense
stroma, deficient vascularization and inefficient drug
[96,97]
delivery, eventually leading to chemo-resistance
.
As mentioned above, PAK1 is responsible for PSC
[64]
activation, leading to stromal fibrosis
in pancreatic
cancer similar to its pivotal role in liver fibrogenic
[98]
pathways .
The importance of Hedgehog (Hh) signalling in tumou
rigenesis and desmoplasia has been well established.
Hh can modify the extracellular matrix component via
regulation of the differentiation and motility of PSCs
[99,100]
and fibroblasts
. The observation, in an early global
genomic analysis of 24 human pancreatic cancers,
that Hh signalling was one of the core set of 12 most
commonly altered cellular signalling pathways and
was present in 100% of cases suggests a significant
contribution of Hh signalling to the development of
[101]
pancreatic cancer . A number of previous studies also
demonstrated that depletion of the Hh signalling pathway
could partly diminish desmoplasia-associated resistance
and synergistically enhance gemcitabine efficacy both
[102-104]
[105]
in vitro and in vivo
. Hiroshi et al
found that
activation of NF-κB resulted in the aberrant activation of
Hh signalling via up-regulation of sonic Hh (a ligand of Hh
signalling) in pancreatic cancer.
Interaction of the C-X-C motif chemokine 12
(CXCL12), which is also known as stromal cell-derived
factor 1, with its receptor, the C-X-C motif chemokine
receptor 4 (CXCR4), can induce activation of downstream
signalling pathways related to tumour progression
[106]
[107]
and metastasis
. Singh et al
have identified the
essential role of the CXCL12/CXCR4 axis in stimulation
of Hh signalling in a dose- and time-dependent manner.
CXCL12-induced Hh up-regulation is due to the increased
nuclear accumulation and activation of NF-κB mediated
by AKT and ERK signalling pathways. The involvement of
PAK1 and PAK4 in NF-κB signalling in pancreatic cancer
[58,61,65]
has been clearly identified
. Although the interaction
between PAKs and Hh-mediated chemo-resistance is still
not clear, the above findings indicate that PAKs might
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[117]

regulate Hh signalling in a NF-κB-dependent manner and
further investigation is needed.

to reduced PAK1 expression . Interestingly, an early
study on vascular smooth muscle cells indicated that
G-CSF was involved in activation of the GTPase Rac1,
a potent upstream activator of PAK1, and inhibition of
Rac1 suppressed G-CSF-driven migration of vascular
[118]
smooth muscle cells . Previous studies also found that
pancreatic cancer cells or stellate cells can attract and
transform peripheral blood monocytes into MDSCs via
STAT3 activation, which in turn will increase the stemcell properties and mesenchymal features of tumour
[119,120]
cells
. The role of PAK1 and PAK4 in regulating
STAT3 signalling in pancreatic cancer cells has been
[67,121]
clearly identified
. Although there is as yet little direct
evidence linking PAK to MDSC modulation, the above
findings indicate that PAK might orchestrate multiple
signalling pathways to mediate MDSC recruitment and
activation.

EMERGING ROLE OF PAKS IN IMMUNE
MODULATION IN THE TUMOUR
MICROENVIRONMENT
As an important component of the stromal micro
environment, infiltrating immune cells (IICs) have
been characterized as valuable markers in predicting
prognosis. Generally, IICs exhibit both pro-tumour and
anti-tumour effects. The former class of IICs include
regulatory T cells, myeloid-derived suppressor cells
(MDSC), and tumour-associated macrophages (TAM)
which suppress anti-tumour immunity and promote
+
tumour growth, whereas the latter class include CD8 T
+
[108,109]
cells, Th1-type CD4 T cells, and natural killer cells
.
Immunosuppressive cells can ward off the host immune
defence, prevent tumour cells from being recognized and
further lead to immune evasion, even in pre-cancerous
lesions such as PanINs and intraductal papillary mucinous
[110]
neoplasm (IPMN) . Therefore, a great deal of attention
has been paid to targeting the aberrant immune
regulation of the tumour microenvironment, with the
intention of reversing the suppression of active antitumour immunity. A good example is the conversion of
pancreatic cancer from “a non-immunogenic malignancy”
into “an immunogenic malignancy” by treatment with a
novel immunomodulatory vaccine, which blockaded the
immune checkpoint (PD-1/PD-L1, CTLA-4) and made
therapy more effective in vaccine-treated patients than in
[111]
untreated patients .

Tumour-associated macrophages

TAMs can be divided into two subtypes: M1 (proinflammatory macrophages) and M2 (anti-inflammatory
macrophages). Like MDSCs, the majority of TAMs are
[122]
derived from circulating monocytes
. M1 TAMs can
suppress tumour development by stimulating a T-cellmediated anti-tumour response, whereas the crosstalk
of M2 TAMs with tumour and stellate cells can stimulate
secretion of various anti-inflammatory cytokines, and
reprogram immune surveillance within the tumour
[123]
microenvironment to facilitate tumour progression .
[124]
Stephen et al
have identified a role of PAK1 in
regulating macrophage spreading and lamellipodial
dynamics through the activation of ERK1/2. However,
they also found that PAK1 knockout had no impact on
migration or chemotaxis of macrophages, whereas
another study reported that absence of Rac1 or Rac2
[125]
could promote macrophage migration . These obser
vations suggest either that PAK2 might compensate
for the lack of PAK1, or that other Rac down-stream
[126]
effectors are involved in regulating cell migration . In
[127]
addition, Gringel et al
found that PAK4 functioned as a
physiological regulator of podosomes, which are involved
in the migration of human macrophages. Up-regulated
expression and activity of PAK4 and its regulator α-PIX
(PAK-interacting exchange factor) enhanced the number
and size of macrophage podosomes.
There are some additional potential mechanisms
linking PAKs to macrophage migration and chemotaxis.
The interaction between PAK and HIF-1α has been well
[59,90,91]
established from previous studies
. Recently, HIF1α was reported to be involved in the recruitment of
TAMs in pancreatic cancer through promoting C-C motif
chemokine ligand 2 (CCL2) secretion, which stimulated
monocyte infiltration into the tumour microenvironment
[128]
by binding to its receptor CCR2 . In agreement with
[129]
this report, Sanford et al
revealed an important role
of CCL2/CCR2 in TAM recruitment by showing that
a CCR2 antagonist (PF-04136309) was able to block
+
the migration of circulating CCR2 monocytes toward

Myeloid-derived suppressor cells

MDSCs, which include both granulocytic and monocytic
subsets, are a heterogeneous mixture of activated
immature myeloid cells, which can stimulate angio
genesis, promote tumour invasion and migration, and
[112]
suppress T-cell activation . Both circulating and tumourinfiltrating MDSCs, of the granulocytic subset (Lin-HLA-DR+
+
+
CD33 CD11b CD15 ), but not the monocytic subset (Lin+
HLA-DR-CD14 ), are markedly elevated in patients with
pancreatic cancer compared to the healthy population.
Moreover, MDSCs can also serve as an independent
prognostic factor for patients’ survival as one unit
increase in MDSC percentage leads to a 22% greater risk
[113,114]
[115]
of mortality
. The report by Thomas et al
of a
non-canonical role of the mammalian target of rapamycin
(mTOR) protein in recruiting tumourigenic MDSC
suggests that cancer cells can stimulate intra-tumoural
MDSC accumulation by promoting granulocyte colonystimulating factor (G-CSF) production via an mTORdependent pathway. He and colleagues demonstrated the
critical role of PAK4 in regulating mTOR signalling through
[116]
the PI3K/AKT axis in breast cancer . In addition, PAK1
can be activated by the mTOR/p70 S6 kinase pathway,
and treatment with rapamycin, a mTOR inhibitor, leads
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[108,137]

the tumour with a consequent depletion of TAMs in a
mouse model of pancreatic cancer. Their clinical data
also indicated that pancreatic cancer patients with a
higher level of CCL2 expression and greater infiltration
+
of immunosuppressive CCR2 TAMs were significantly
more likely to have decreased survival. Additionally, Allen
and colleagues revealed the importance of Rho family
proteins in regulating actin organization and cell adhesion
[130]
in macrophages . Using a colony-stimulating factor-1
-dependent murine macrophage cell line (Bac1.2F5),
they demonstrated that constitutively activated Rac1 or
Cdc42, which are both well-defined up-stream activators
of PAKs, could stimulate formation of lamellipodia or
filopodia, whereas dominant negative Rac1 or Cdc42
inhibited colony-stimulating factor-1-induced formation
of lamellipodia or filopodia.
Macrophage polarization is induced by different
stimuli via interferon-regulatory factor/signal transducer
and activator of transcription (IRF/STAT) signalling
pathways, NF-κB pathways and HIF stabilization. IRF/
STAT factors (IRF3, IRF5, STAT1 and STAT5), HIF-1 and
the active NF-κB heterodimer (p50-p65) contribute to
M1 polarization, while IRF/STAT factors (IRF4, STAT3
and STAT6), HIF-2 and the inhibitory NF-κB heterodimer
[131]
(p50-p50) trigger an M2 response . The involvement
of PAK1 in macrophage polarization has recently been
characterized by Zhang and colleagues, who reported
that pharmacological or genetic inhibition of PAK1
diminished M1 macrophage polarization. This observation
suggested that the up-regulation of PAK1 induced by
inflammatory stimuli may contribute to M1 polarization
via NF-κB-mediated transcriptional activation. PAK1
was also observed to play a key role in suppressing
[132]
M2 macrophage polarization
. Blockade of the M2
response is an important approach to treatment involving
TAM reprogramming. As mentioned above, STAT3 and
STAT6 have been reported to be important regulators of
M2 polarization. Pharmacological inhibition of STAT3 and
STAT6 with specific inhibitors resulted in suppression of
M2 polarization, increased production of pro-inflammatory
[133-135]
cytokines and stimulated a T cell response
. Since
PAK1 and PAK4 are closely associated with the STAT3
[67,121]
and NF-κB signalling pathway
, it is likely that PAK
may interact with STAT3 or NF-κB signalling pathways to
block M2 polarization.

Tumour-infiltrating lymphocytes

compartment
. Indeed, an increasing number of
studies have revealed the predictive value of stromal
TILs in patients with resectable pancreatic cancer. Two
of the latest studies have demonstrated that negative
stromal TIL patients had larger tumour at a more
advanced stage and showed worse overall survival and
[138]
liver metastasis , and that an increased number of
+
tumour-infiltrated CD8 lymphocytes were significantly
and independently related to improved disease[139]
free survival and overall survival
. Recently, it was
reported that pharmacological or genetic depletion of
PAK1 up-regulated the immune response to tumours in
14/+
[140]
a colorectal mouse model (APC
mouse) .Similarly,
the role of PAK in regulating the tumour-associated
immune response was investigated in an murine
[66]
orthotopic pancreatic cancer model . In agreement
with the colorectal model, removal of PAK1 by knockout or inhibition of PAK1 by PF-3758309 not only
suppressed tumour growth in vivo, but also stimulated
the immune response by increasing the numbers of
+
+
splenic CD3 and CD8 T lymphocytes as well as by
+
promoting tumour-infiltrating CD3 T lymphocytes. In
contrast, gemcitabine did not significantly change the
tumour-associated immune response. Furthermore,
it has been reported that granulocyte-macrophage
colony-stimulating factor (GM-CSF) secreted by tumour
cells can recruit and stimulate the development of
+
+
stromal myeloid cells (Gr-1 CD11b cells), which can
+
[141]
suppress the anti-tumour effect of CD8 T cells
.
So far, the mechanism by which PAK regulates the
production of GM-CSF has not been fully elucidated.
However, Kras activation is found to be positively
associated with GM-CSF expression in cancer patients
[142]
when compared to normal controls
, and this
observation is consistent with an early study indicating
that oncogenic Kras-dependent secretion of GM-CSF
can promote the development of pancreatic neoplasia
+
+
via immunosuppression mediated by Gr-1 CD11b
[143]
myeloid cells
. As Kras is the most important
oncogenic mutation in pancreatic cancer and a potent
up-stream regulator of PAK, these studies provided
possible evidence implicating the involvement of PAK in
a pathway linking aberrantly activated Kras to GM-CSFinduced immuno-evasion. The mechanisms underlying
the connection between PAKs and GM-CSF should be
investigated further.

+

Tumour-infiltrating lymphocytes (TILs), including CD4 T
+
cells, CD8 T cells, regulatory T cells, B cells and natural
killer cells, are another class of immune cells, which are
critical in modulating the tumour microenvironment in
[136]
+
pancreatic cancer
. Although CD8 T cells are also
referred to as cytotoxic T cells, with the capability of
+
recognizing and killing tumour cells, infiltration of CD8
T cells into the tumour microenvironment is very rare.
+
In contrast, a large number of CD4 T cells, which can
promote the development of PanINs via inhibition of
the anti-tumour response, are observed in the stromal
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CONCLUSION
More than a decade ago, an expert consensus proposed
precise targeting of protein kinase signalling pathways
[144,145]
as a potential weapon against cancers
. As
an important down-stream effector of Kras, PAK is
overexpressed and hyperactivated in different types
of cancer, especially pancreas, colorectal and lung
cancer. This review highlights the key role of PAK in
Kras signalling pathways in pancreatic cancer, and
summarizes that PAK mediates the biological behaviour
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of pancreatic cancer cells by orchestrating multiple
oncogenic pathways, such as NF-κB, STAT3, RAF/MEK/
ERK, PI3K/PDK1/AKT etc., PAK inhibition (FRAX597,
PF-3758309 etc.), not only suppresses tumour growth
and synergistically improves chemotherapeutic efficacy,
but also plays a critical role in mediating tumourstroma crosstalk. More importantly, immunotherapy
is now emerging as a promising approach for cancer
treatment and immune modulation within the tumour
microenvironment has become a hot spot in pancreatic
cancer research. The potential role of PAK in the antitumour immune response has been unveiled by showing
that pharmacological and genetic depletion of PAK leads
to an increased number of tumour infiltrated T cells in
pancreatic and colorectal cancer. In this regard, PAK may
become a novel target for reprogramming the tumour
microenvironment.
Pancreatic cancer is still one of most lethal mali
gnancies and, in contrast to other types of cancers (e.g.,
melanoma, breast cancer, prostate cancer etc.), the
poor survival of pancreatic cancer patients has been
only marginally improved over past decades. Therapeutic
breakthroughs in pancreatic cancer still require a more
comprehensive understanding of its biology and of the
intrinsic mechanisms involved in tumour progression.
Further study of PAKs holds the promise of developing
more effective and less toxic treatments for this de
vastating malignancy.
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Abstract
Gastric cancer (GC) is one of the most frequently dia
gnosed malignant diseases. The molecular mechanisms
of metastasis remain unclear. Recently, studies have
shown that long non-coding RNAs (lncRNAs) play critical
roles in metastasis. Therefore, deeper understanding of
this mechanism could provide potential diagnostic tools
and therapeutic targets for metastatic GC. This review
focuses on dysregulated lncRNAs in GC metastases.
Due to the identification of multiple diverse mechanisms
involved in GC metastasis, we classified them into seven
categories, including lncRNAs related to epithelialmesenchymal transition, regulation of degradation
of extracellular matrix, angiopoiesis, vasculogenic
mimicry, and immunologic escape. As the TNM stage
is pivotal for evaluating the severity and prognosis
of GC patients, we summarize the lncRNAs relevant
to lymphatic metastasis, distant metastasis and TNM
classification. This review summarizes the lncRNAs
related to metastasis, which may provide insight into
the mechanisms, and provide potential markers for
prognostic prediction and monitoring the relapse of GC.
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Core tip: This review summarizes the long noncoding
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cancer. We classified lncRNAs according to their molecular
mechanism, which included epithelial-mesenchymal
transition, epigenetic regulation, degradation of the
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extracellular matrix, angiopoiesis, vasculogenic mimicry,
and immunologic escape. Finally, we summarized the
lncRNAs that have stable expression in serum and
describe their clinical value. A table lists the clinical
correlation of the lncRNAs in details.

Increasingly, lncRNAs have been found to participate
in GC metastasis. lncRNAs function by impacting
embryogenesis, epigenetic regulation, imprinting,
[14-18]
angiopoiesis, and vasculogenic mimicry
. This article
reviews the lncRNAs that regulate certain critical steps
of GC metastasis, with particular emphasis on epithelialmesenchymal transition (EMT), vascularization, and
vasculogenic mimicry.

Lin MT, Song HJ, Ding XY. Long non-coding RNAs involved
in metastasis of gastric cancer. World J Gastroenterol 2018;
24(33): 3724-3737 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i33/3724.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i33.3724

LNCRNAS AFFECT EMT
EMT is a vital process involved in embryonic
[19]
development and cancer metastasis . EMT is the
process by which epithelial cells gain increasing
[20]
migratory potential and mesenchymal characteristics .
It has been shown to play an important role in GC
metastasis. There are many lncRNAs that facilitate GC
metastasis via EMT (Figure 1).
[14]
Chen et al
showed that metastasis associated
lung adenocarcinoma 1 (MALAT1) is downregulated in
GC cells, and that E-cadherin expression is increased
while vimentin expression is decreased at both the
[21]
mRNA and protein levels. Li et al
detected UPF1, a
key part of the nonsense-mediated mRNA decay (NMD)
pathway, which alters mRNA transcription, and showed
that it negatively correlated with MALAT1 expression.
Subsequent experiments showed that increased UPF1
expression inhibited migration, invasion and EMT of
GC cells. Increased MALAT1 expression decreased the
influence of UPF1 in GC cells, including UPF1’s ability
to inhibit cell proliferation, EMT and facilitate apoptosis.
[22]
Taken together, Li et al postulated that UPF1 directly
binds MALAT1 to downregulate MALAT1 (UPF1/
[23]
MALAT1), thus, inhibiting GC progression. Lee et al
further confirmed that MALAT1 regulates mesenchymal
maker Snail, N-cadherin and ZEB1 to influence EMT.
Another classic lncRNA, HOX transcript antisense
intergenic RNA (HOTAIR), has been shown to be
elevated in GC cells and promote gastric tumor
metastasis via enhancement of EMT. E-cadherin
expression was higher in cells with HOTAIR knockdown
compared to cells with HOTAIR overexpression, while
expression of N-cadherin and vimentin were decreased.
The detailed mechanism is believed to involve HOTAIR
recruitment and binding of PRC2 to epigenetically
silence miR-34a, which activates the HGF/c-Met/Snail
[24]
pathway, thus facilitating EMT in tumor cells .
FRLnc1 is also upregulated in GC cell lines. In vitro
functional analysis and a pulmonary metastasis model
demonstrated that FRLnc1 enhanced the migration
[25]
capacity of GC cells. Hui et al discovered that FRLnc1
functions as an EMT promoter to affect the migration
of GC cells by upregulating the downstream elements
TGFβ-1 and Twist.
lncRNA activated by TGF-β (lncRNA-ATB), also
known as lncRNA-AL (ENST00000493038), was
overexpressed in TGF-β treated cancer cells, with the
cells exhibiting a spindle-like morphology. lncRNA-ATB

INTRODUCTION
Gastric cancer (GC) is a major public health problem
across the life span of human beings and is one of
the top two leading causes of cancer-related death
worldwide. Eastern Asia has the highest incidence
[1]
rates of GC, which is particularly prevalent in China .
According to statistical analysis, lung cancer is the only
cancer with higher rates of incidence and mortality
[2]
compared to stomach neoplasms . Approximately
28000 cases of gastric neoplasms are expected to be
diagnosed in 2017, and 10960 of them are expected
[3]
to result in death . Patients are usually diagnosed
with GC after metastasis has occurred or in an
advanced stage due to limitations in early noninvasive
detection techniques. Even when diagnosed at an
early stage and endoscopic mucosal resection (EMR)
or endoscopic submucosal dissection (ESD) are
successfully performed, the local recurrence rate is still
[4,5]
high, ranging from 2.8%-12.5% . Despite multiple
post-operative monitoring tools, including endoscopic
monitoring, CT, MRI, PET, and serological monitoring
(CA19-9, CA153, CA125, and CA724), the sensitivity
has not met expectations yet. Recently, circulating
tumor DNA (ctDNA) has been studied as GC relapse
[6,7]
predictive markers . Because of the unsatisfactory
prognosis in advanced stage GC patients who have
undergone surgery, chemotherapy or radiotherapy,
measures should be taken to intensively monitor GC
[8]
patients . In recent years, significant advances have
been made in understanding the molecular mechanisms
involved in GC metastasis, however, the overall view
[9,10]
of the mechanism map is limited and ambiguous
.
Therefore, clarification of the pathogenesis and
corresponding molecular alterations in GC is imperative
in seeking diagnostic biomarkers and therapeutic
targets.
Noncoding RNAs (ncRNAs) longer than 200
nucleotides are defined as long noncoding RNAs
(lncRNAs). ncRNAs are emerging elements that are
recognized to play critical roles in cancer development
and progression. lncRNAs do not perform transcriptional
tasks, but they can affect gene expression at the
[11-13]
transcriptional or post-transcriptional levels
.

WJG|www.wjgnet.com

3725

September 7, 2018|Volume 24|Issue 33|

Lin MT et al . Sum-up of GC metastatic related lncRNAs

TGF-b
HOTAIR

SNHG-6

ATB

PCR2

SUZ12 EED
EZH2

Linc00978

miR101-3P

ZFAS1

miR200s
XIST
miR101

miR34a
EZH2

MALAT1
UPF1
YAP1

SNAIL
ZEB1

CDH1

C-MET
HOXA11-AS
WDR5

Slug

SNAIL 1

Twist
MMP9

HGF
XIST

SMAD2
Slug

Linc00261

GSK3b

Slug
EMT

TGFb1

Vimentin

Slug

LINC00675

MALAT1
SPRY4-IT1

b-catenin
Vimentin

LEIGC

E-cadherin
Linc00152

TGFb1

Twist
HULC
FRLnC1

UCA1

Figure 1 Long non-coding RNAs affect epithelial-mesenchymal transition in gastric cancer cells. HOTAIR recruits PRC2 to silence miR-34a, and then
activates the HGF/c-Met/Snail pathway to promote EMT. TGF-β induces lncATB, which inhibits miR-200s and provokes ZEB1 to promote EMT. SNHG6 binds miR101-3P to activate ZEB1 and then promotes EMT. lncRNA ZFAS1 induces EMT by activating SNAIL, Slug, ZEB1 and Twist. Linc00978 induces Twist and TGFβ1, and
TGFβ1 then activates SMAD2 and MMP9 to facilitate EMT. MALAT1 binds UPF1 to reduce its level and activate EMT. FRLnC1 induces EMT by activating Twist and
TGFβ1. HUCA1 induces EMT via TGFβ1 activation. YAP1 promotes EMT by increasing vimentin and β-catenin, and decreasing E-cadherin. lncRNA XIST, Linc00152
and HULC promote EMT. Linc00261 binds Slug resulting in reduced Slug levels and decreased EMT. LINC00675 and SPRY4-IT1 restrain EMT by reducing vimentin.
LEIGC inhibits EMT. lncRNAs: Long non-coding RNAs; HOTAIR: HOX transcript antisense intergenic RNA; EMT: Epithelial-mesenchymal transition; YAP1: Yesassociated protein 1; MALAT1: Metastasis associated lung adenocarcinoma 1.

induced ZEB1 expression and inhibited miR-200s in
tumor cells to affect EMT in stomach neoplasm cells.
[26]
Saito et al
uncovered a positive correlation between
TGF-β, ZEB1 and lncRNA-ATB, while miR-200c inversely
[26]
correlated with lncRNA-ATB expression. Saito et al
demonstrated that lncRNA-ATB participate in the EMT
process in GC via the TGF-β/miR-200/ZEB axis.
It has been reported that the lncRNA X-inactive
specific transcript (lncRNA XIST) regulates activation of
tumor cell migration and initiates EMT via upregulation
of vimentin and fibronectin and downregulation of
E-cadherin and α-catenin in stomach cancer cells.
lncRNA XIST negatively correlates with miR-101
and decreased lncRNA XIST expression led to
downregulation of EZH2 at both the mRNA and protein
levels and was reversed with an miR-101 inhibitor.
Thus, lncRNA XIST functions by sponging miR-101
[27]
and regulating EZH2 in GC cells . The lncRNA small
nucleolar RNA host gene 6 (SNHG6) is overexpressed
in GC cell lines and facilitates EMT as a competing
endogenous (ce) RNA via sponging miR-101-3p, which
leads to an increase in ZEB1, thus boosting tumor cell
[28]
migration at the post-transcriptional level .
The lncRNA zinc finger antisense 1 (ZFAS1)
expression level is elevated in GC tissues, serum
and exosomes and ZFAS1 also activates ZEB1 to
[29]
affect EMT. Lei et al
showed that ZFAS1 promotes

WJG|www.wjgnet.com

the transformation from mesenchymal-epithelial
transition (MET) to EMT by increasing the expression of
N-cadherin, Slug, Snail, Twist and ZEB1 and decreasing
the expression of E-cadherin. Exosomes that originate
from GC cells might promote the GC metastasis by
producing ZFAS1.
lncRNA urothelial carcinoma associated 1 (UCA1)
is induced by TGFβ-1 and expedites EMT. As UCA1
knockdown partly mitigates the impact of TGFβ-1 on
EMT, the specific role of TGFβ-1 in accelerating EMT
[30]
requires further investigation . Silencing UCA1 inhibits
resistance to adriamycin in GC, which suggests that
[31]
UCA1 may be a novel therapeutic target .
LincRNA00978 is reportedly elevated in GC tissues
and plasma. It could induce EMT by activating the
TGFβ/SMAD2/MMP9 pathway. Another potential
pathway is composed of downregulated LincRNA00978,
leading to decreased Twist1 and Slug, followed by a
decrease in downstream molecules, such as N-cadherin
[32]
and vimentin and an increase in E-cadherin . Yesassociated protein1 (YAP1) also promotes EMT by
upregulating vimentin and β-catenin and downregulating
[33]
E-cadherin . lncRNAs highly upregulated in liver
cancer(HULC) and Linc00152 also increase tumor cell’s
[34,35]
migration through acceleration of EMT in GC
.
The lncRNAs mentioned above function by
promoting EMT in GC cells, but there are also numerous

3726

September 7, 2018|Volume 24|Issue 33|

Lin MT et al . Sum-up of GC metastatic related lncRNAs
[15]

lncRNAs that function by repressing EMT progression.
Linc00261, which is repressed in GC cells, suppresses
E-cadherin and promotes N-cadherin, FN1 and vimentin
expression, reverses EMT in gastric tumor cells, and
[36]
[37]
increases the malignant phenotype . Yu et al
deduced that Linc00261 reverses EMT by binding Slug.
As mass experiments indicated that GSK3β affects the
ubiquitin-proteasome pathway to degrade Slug in breast
[38,39]
cancer cells
, additional experiments demonstrated
that Linc00261 attenuates the stability of Slug proteins
through strengthening the interaction between GSK3β
and Slug.
Linc00675, also found to be significantly down
regulated in GC tissues, suppresses the migration of
GC both in vitro and in vivo (pulmonary and hepatic
metastases). Mechanistic studies showed that
Linc00675 directly interacts with vimentin, resulting in
increased phosphorylation of vimentin on Ser83 rather
than on Ser39, thereby causing the degradation of
[40,41]
vimentin filaments
. Since vimentin is considered to
be a master regulator of EMT, Linc00675 was deduced
to be a tumor repressor that inhibits metastasis via
[42]
reversing EMT .
lncRNA SPRY4 intronic transcript 1 (lncRNA SPRY4IT1), prevents cancer cell migration partly through its
[43]
role in the regulation of EMT. Xie et al
found that
SPRY4-IT1 increases the expression of E-cadherin and
decreases the expression of vimentin, resulting in EMT
inhibition.
After observing significantly decreased lncRNA:
chr2:118381039-118383698 levels in GC tissue, Han
[44]
et al
named this lncRNA LEIGC and assessed its
role in regulating tumor cell migration. In monolayer
cultures, cells with downregulated LEIGC showed a
dramatic change in morphology and transitioned from
a cobblestone-like-shape to a spindle-like fibroblastic
status, whereas LEIGC-overexpressing cells maintained
a cobblestone-like morphology. In addition, mRNA and
protein levels illustrated that LEIGC could reverse EMT
by lowering the expression of vimentin, Snail, Slug, Zeb,
and Twist and increasing the expression of E-cadherin.
Furthermore, LEIGC overexpression enhances the GC
cells sensitivity to 5-fluorouracil, and this characteristic
enables LEIGC to be a potential therapeutic target.

Sun et al
evaluated the genome-wide expression
profile of lncRNAs and discovered BC041951,
designating it as gastric cancer-associated lncRNA 1
(GClnc1). Because mice injected with GClnc1 had an
increased overall survival time and more metastatic
lung nodules than control mice, GClnc1 was determined
to enhance the metastatic capability of tumor cells.
The mechanism behind GClnc1’s carcinogenesis stems
from its ability to function as a molecular scaffold for the
WDR5/KAT2A complex, which leads to trimethylation
of H3K4 and acetylation of H3K9 in the transcription
promoter region of mitochondrial superoxide dismutase
(SOD), which upregulates the transcription of
mitochondrial superoxide dismutase 2 (SOD2).
LOC100130476, which is dysregulated in gastric
cardia adenocarcinoma, is considered to be a tumor
suppressor due to the tumor specific hypermethylation
of region 1 near the transcription start site. Methylation
of region 1 in peripheral white blood cells had a similar
effect and may play key roles in gene silencing. Advanced
gastric carcinoma patients with low hypermethylation of
region 1 preferentially developed metastases, leading to
[47]
poor prognosis .
[43]
Xie et al
also determined that lncRNA SPRY4IT1 is downregulated in gastric tumor cells and tissues.
[48]
Furthermore, Sun et al
identified a canonical CpG
island in the SPRY4-IT1 loci promoter region. DNMT1
inhibits expression of SPRY4-IT1 in GC cells by altering
the DNA methylation level. After treatment with 3.7and 2.8-fold 5-aza-CdR, the expression of SPRY4-IT1
was significantly higher than in controls. Therefore,
[43]
SPRY4-IT1 could be a potential therapeutic target .

LNCRNAS INVOLVED IN REGULATION OF
DEGRADATION OF THE EXTRACELLULAR
MATRIX
Tumor cells are exposed to a multitude of abnormal
situations due to changes in the ECM that significantly
impact cancer cell behavior. Dysregulated ECM crosslinking and repressed stiffness jointly contribute to
[49,50]
cancer metastasis and progression
. Metalloproteases
(MMPs) typically participate in adjusting the ECM and
[51]
vascularization .
The lncRNA UCA1 facilitates GC cell migration both
in vitro and in vivo via the UCA1/GRK2/ERK/MMP9 axis.
Meanwhile, the lncRNA UCA1 increases the degradation
of GRK2 via Cbl-c-mediated ubiquitination following
the activation of the ERK-MMP9 pathway, which may
[52]
[16]
be involved in vascularization . Xu et al
found that
FENDRR negatively correlated with FN1 mRNA and that
the induction of FENDRR strongly inhibits the activity
of MMP2/MMP9, which corroborates FENDRR’s role
[53]
in preventing GC cell metastasis. Then, Park et al
determined that overexpression of BM742401 decreased
the B95kDa band, which corresponds to MMP9, via a
zymography assay. The reduced concentration of MMP9

LNCRNAS AFFECT EPIGENETIC
REGULATION IN GC
Epigenetic processes include the recruitment of histonemodifying enzymes and DNA methyltransferases,
and chromatin remodeling. It has been reported that
[45]
lncRNAs interact with DNA to control gene expression .
Given that promoter CpG island hypermethylation,
an abnormal DNA modification, is involved in pivotal
cellular pathways and is characteristically a hallmark
[46],
of cancer cells
several lncRNAs have been found to
play roles in controlling the DNA modification system in
GC cells.
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in BM74240-induced cells further verified these findings.
However, BM742401 did not alter the expression level of
intracellular MMP9. Therfore, BM742401 may diminish
MMP9 secretion to inhibit cancer metastasis.
lncRNA olfactory receptor, family 3, subfamily A,
member 4 (OR3A4), contributes to GC metastasis as
it was found to be overexpressed in primary tumor
tissue, metastatic tissue and in the peripheral blood.
Upregulated OR3A4 induced MMP9, which is involved
[54]
in the breakdown of the ECM . LINC00052 plays
an oncogenous role in GC cells. It promotes GC cell
migration and invasion through promoting the SMYD2
related β-catenin methylation to stabilize its expression
and activating the Wnt/β-catenin pathway. When
upregulating LINC00052 level in GC cells, MMP2,
MMP9, and Cyclin D1 expression were upregulated
while E-cadherin and P21 were downregulated. The
downstream MMP2 and MMP9 are related to the
breakdown of the ECM.
Degradation of the extracellular matrix is one way
to modulate the tumor microenvironment. Hypoxia is
another key change in the tumor microenvironment that
[55]
promotes tumor metastasis . AK058003, a lncRNA
that is induced by hypoxia, is positively associated with
γ-synuclein (SNCG) in GC cells. AK058003 and SNCG
are both upregulated in hypoxic environments, and
SNCG facilitates hypoxia-induced GC cell metastasis,
which is regulated by AK058003. Thus, a novel hypoxia/
lncRNA-AK058003/SNCG pathway that is related to
[56]
[56]
metastasis was identified . Wang et al
found that
lncRNA AK058003 is increased in hypoxia-induced GC
cells, where it facilitates GC cell migration and invasion
in vivo and in vitro. AK058003 positively altered SNCG,
a member of the synuclein family, by decreasing
methylation of the SNCG gene CpG island. Elevated
SNCG expression can also be induced by hypoxia, which
in turn induces GC cell metastasis in primary tumor
tissue. lncRNA BC005927 is induced by hypoxia and
hypoxia inducible factor-1α (HIF-1α), which is a factor
involved in hypoxia induced GC metastasis through
directly binding the HIF-1 response element to promote
GC metastasis and invasion. This hypoxia-induced auxo[57]
action is partially regulated by BPHB4 .

MALAT1, an oncogenic lncRNA, can increase
tumorigenicity and metastasis in GC by facilitating VM
and angiogenesis. MALAT1 induces the expression of
β-catenin and E-cadherin and increases the p-ERK,
p-FAK, and p-paxillin levels. MT1-MMP and MMP2
and MMP9, which are downstream of p-ERK, are
consequently altered. MALAT1 functions as an active
regulator of VM and EV through the E-cadherin/β-catenin
complex and via the ERK/MMP and FAK/paxillin
[17]
signaling pathways . Another mechanism involving
MALAT1 was discovered by which MLAT1 regulates the
acetylation level of H3 histone in the EGFL7 promoter
[65]
region to boost the EGFL7 expression level . An intron
of the EGFL7 gene, miR-126, is pivotal in alterations
of H3 histone acetylation but not methylation in the
EGFL7 promoter in colorectal cancer and non-small cell
lung cancer cells and cooperates with MALAT1 to alter
[66,67]
angiogenesis
.
Another lncRNA, C21orF96, which is upregulated
in gastric tumor tissues, was found to be significantly
higher in metastatic tissues compared to histologically
[68]
normal lymph node tissues. Yang et al
determined
that ectopic expression of C21orF96 promotes
lymphangiogenesis of stomach neoplasms. With respect
to VM, C21orF96 increases the number of tubulars,
intersecting nodes, and the length of the tubes in
human umbilical vein endothelial cells (HUVECs).
Likewise, OR3A4, an oncogenic lncRNA, was
found to facilitate the formation of tubules in HUVECs.
Upregulated OR3A4 induces vascular endothelial growth
factor C (VEGF-C), which is a known promoter of
[69]
angiogenesis and vascular permeability . Furthermore,
the chicken embryo chorioallantoic membrane (CAM)
assay demonstrated that OR3A4 promotes angiogenesis.
OR3A4 may exert its effects by inhibiting PDLIM2,
promoting MACC1 and GNB2L1, and directly targeting
[54]
NTN4 to enhance metastasis and tumorigenesis in GC .

LNCRNAS RELATED TO IMMUNE ESCAPE
OF GC CELLS
[70]

Immune escape, the third step of cancer immunoediting ,
reduces the immunogenicity of tumor cells, creating an
immunosuppressive tumor microenvironment in which
[71]
cancer cells can survive and grow . Evading immune
[72]
destruction has been deemed as a hallmark of cancer .
The classical lncRNA, HOTAIR, has been reported
[73-76]
to promote GC progression and metastasis
.
[18]
Song et al
determined that upregulated HOTAIR in
GC cells positively correlates with human leukocyte
antigen (HLA)-G levels both in tissue and peripheral
blood samples. Furthermore, HOTAIR was also found
to induce the expression of HLA-G at both the mRNA
and protein secretion levels. HOTAIR directly interacts
with miR-152 and decreases miR-152 expression level,
which reverses the miR-152 induced dysregulated
activity of HLA-G 30UTR, while, Mut-HOTAIR fails

LNCRNAS INVOLVED IN ANGIOPOIESIS
AND VASCULOGENIC MIMICRY
Ample evidence has shown that the development of
endothelial vessels (EVs) and vasculogenic mimicry (VM)
supply nutrition to tumors and sustain tumor growth.
Highly vascular tumors show an increased ability to
develop metastases compared to tumors that lack
[58,59]
adequate vascularization
. VM involves the formation
of de novo channels by pluripotent embryonic-like and
[60]
highly invasive tumor cells, mimicking tumor feeding .
VM has already been reported in melanoma, soft tissue
[61-64]
sarcomas, GIST and hepatocellular carcinoma
.
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ATB
XIST

Linc00978

Up
Up

FRLnC
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HOTAIR

HULC
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Dysregulation

MALAT1

LncRNA ID

HIF-1α

DNMT1

TGFβ-1

FOXM1

JMJD1A

Upstream
regulators

MMP2, MMP9

MMP2, MMP9
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WDR5/KAT2, H3K4, H3K9,
SOD2

Vimentin
Vimentin

vimentin, β-catenin,
E-cadherin
Slug, GSK3β

TGFβ/SMAD,Twist1, Slug

ZEB1, SNAIL, Slug, Twist

miR-101-3P, ZEB1

miR-200s, ZEB1
miR-101

UPF1, Snail, N-cadherin,
ZEB1, VE-cadherin/β-catenin
complex, ERK/MMP, FAK/
paxillin, EGFL7, miR-122
PCR2, miR-34a, c-MET,
SNAIL1, CDH1, miR-152,
HLA-G
Twist, TGFβ-1
TGFβ-1, GRK2/ERK/MMP9

Downstream targets

Degradation of the ECM

Degradation of the ECM

Epigenetic regulation,
Hypoxia
Hypoxia

Epigenetic regulation

EMT
EMT, epigenetic
regulation
EMT
Epigenetic regulation

EMT

EMT

EMT

EMT

EMT

EMT

EMT

EMT
EMT, degradation of the
ECM
EMT
EMT

EMT, immune escape

EMT, Angiopoiesis, VM

Metastasis processes

Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis

Lymphatic metastasis, distant
metastasis, TNM stage

Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic, metastasis

Lymphatic metastasis, TNM
stage

Lymphatic metastasis, distant
metastasis, TNM stage

0.539
(0.337-0.862)

2.21 (1.46-3.33)

1.247
(1473-1.996)

2.162
(1.327-3.524)

3.909
(1.592-9.599)

0.563
(0.370-0.856)

2.223
(1.806-2.59)

0.494
(0.300-0.812)

0.569
(0.321-0.960)

1.93 (1.24-3.00)

0.818
(0.314-1.567)

1.659
(1.008-2.731)

2.917
(1.069-7.962)
3.50 (1.73-7.44)

0.555
(0.344-0.897)

1.741 (1.324-2477)

0.551
(0.323-0.940)

Univariate analysis (HR 95%CI) Multivariate analysis (HR 95%CI)
P < 0.05
P < 0.05
OS
DFS
OS
DFS

Lymphatic metastasis, distant 1.38 (1.03-1.85) 1.40 (1.01-1.94)
metastasis, TNM stage

Clinical correlation

Table 1 Mechanistic analysis of long non-coding RNAs involved in gastric cancer metastasis and clinical correlations
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2.457
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8.446
(4.480-15.923)

1,538
(1.044-2.265)
4.612
(1.59-13.825)

3.241
(1.239-6.428)

1.615
(1.111-2.348)
3.113
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3.988
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(1.153-4.830)

[117]
[118]

[54]

[116]

[115]

[87]

[86]

[113,114]

[112]

[109]
[110]
[111]
[85]

[107]
[108]

[106]

[104]
[105]

[103]

[102]

[101]

[99]
[100]

[97]
[80]
[81]
[98]

[53]
[68]

Lin MT et al . Sum-up of GC metastatic related lncRNAs

September 7, 2018|Volume 24|Issue 33|

WJG|www.wjgnet.com

Down

RuPAR

3731

Up
Up
Up

Down
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Lymphatic metastasis, TNM
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Lymphatic metastasis, TNM
stage
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Lymphatic metastasis, distant
metastasis, TNM stage
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metastasis, TNM stage
Lymphatic metastasis, TNM
stage
Lymphatic metastasis, distant
metastasis, TNM stage
Lymphatic metastasis
Lymphatic metastasis
Lymphatic metastasis, TNM
stage
1.170
(1.050-1.304)

2.346
(1.379-3.991)
2.513
(1.414-5.847)

2.631
(1.348-5.672)

2.501
(1.326-4.719)

2.574
(1.201-5.476)

1.137
(1.005-1.287)

1.724
(1.002-2.964)
2.275
(1.301-5.176)

2.405
(1.194-5.417)

1.081
(1.286-3.564)

2.315
(1.097-5.283)

[132]
[133]
[134]

[131]

[129,130]

[128]

[127]
[88]

[126]

[125]

[124]

[123]

[120]
[121,122]

[119]

Given that patients are usually asymptomatic and that relapsed GC patients have poor prognosis, many doctors recognize the importance of surveillance in detecting
[78]
[79]
recurrence . Studies have shown that hematogenous metastasis is the most frequent recurrence pattern during the first year following resection , and identification
of a simple method to monitor patients, for example, using serum lncRNAs, is a top priority. Identification of a noninvasive approach with a high degree of sensitivity and
specificity is urgently needed to predict and monitor the prognosis of GC patients and the relapse of patients post-operation.
[54]
OR3A4 is upregulated in both metastatic tissue and serum , as is ZFAS1 and exosomal ZFAS1. The level of circulating ZFAS1 correlates with lymphatic metastasis and
[29]
the TNM stage, when the area under the ROC curve is up to 0.792 (95%CI: 0.703-0.881, P < 0.001) .
AA174084 is not only ectopically expressed in GC tissue but is also expressed in plasma and in gastric acid. The expression of AA174084 in GC patients’ gastric acid is
significantly higher than that in control groups. In addition, the amount of AA174084 in plasma decreases after patients undergo surgery and is positively correlated with

LNCRNAS DYSREGULATED IN PERIPHERAL BLOOD AND IN GASTRIC ACID

to have the same effect. Thus, HOTAIR overexpression might play roles in tumor immune escape. Furthermore, polymerase chain reaction-restriction fragment length
polymorphism (PCRRFLP) was used to detect three htSNPs of the HOTAIR gene (rs12826786 C > T, rs4759314 A > G, and rs10783618 C > T). In normal and GCA tumor
tissues, rs12826786 presented higher HOTAIR expression levels than the CC genotype, and the sore T allele of rs12826786 increased the GCA risk and reduced the five[77]
year survival rates .

EMT: Epithelial-mesenchymal transition; VM: Vasculogenic mimicry; TNM: Tumor, node, metastasis; ECM: Extracellular matrix.
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[14-17,23,25-30,32,33,35,36,

invasion and lymphatic metastasis. Thus, AA174084
could serve as a potential biomarker to predict a patient’s
[80]
prognosis .
The lncRNA RNA component of mitochondrial RNA
processing endoribonuclease (RMRP) has been reported
to be decreased in GC tissues, but increased in the
plasma and gastric acid of GC patients. After subtotal
gastrectomy, this aberrant expression dramatically
declines. Importantly, the RMRP level in gastric acid or
in plasma is not only sufficient for clinical detection but
that method for RMRP detection are also more sensitive
and specific than that for carcinoembryonic antigen
(CEA) and carbohydrate antigen19-9 (CA199). These
results could provide a new method for GC detection,
and the postoperative decline of RMRP implies that this
lncRNA has appropriate characteristics for prognostic
[81]
prediction .
Five novel plasma lncRNAs (TINCR, CCAT2, AOC4P,
BANCR and LINC00857) demonstrate excellent stability
and show little to no change in hostile environments.
The diagnostic significance of lncRNA-based Index
I, established by logistic regression, is better than
that of the CEA-based Index II. Because the lncRNA
based index declined dramatically two weeks postoperation, this index is highly effective in monitoring
tumor recurrence. The lncRNA based index significantly
correlates with tumor size, depth of invasion, lymphatic
[82]
metastasis and TNM stages .
Currently, the majority of GC research focuses on
the expression level of lncRNAs in GC tissue, while
many of them are stably expressed in plasma. Though
systematic evaluation of the lncRNAs mentioned above
is lacking, those that are stable in circulation could be
useful for predicting metastasis of primary tumors, but
this hypothesis must be confirmed. Individual markers,
such as a single lncRNA, may not be adequate for
determining prognosis in GC, but interested readers
[82]
could refer to the analysis by Zhang et al
and Shao
[80]
et al . The combination of several lncRNAs known
to participate in GC progression may overcome these
existing issues.

and the TNM stage, as shown in Table 1
.

40,43,44,53,57,58,69,74-78,80-132]

CONCLUSION
Utilizing a variety of techniques, including RT-PCR,
computer-assisted microscopic image analysis, bioinfor
matics methods, ChIP assays, etc., a myriad of lncRNAs
have been found to participate in the proliferation,
growth, invasion, metastasis, motility, and phenotype
of GC cells, with dozens of them correlating with the
invasion depth, size, lymph node metastasis, TNM stage,
OS and DFS of GC tumors. In this review, we emphasized
epithelial-mesenchymal transition, epigenetic regulation,
and degradation of the extracellular matrix, angiopoiesis,
vasculogenic mimicry, and immune escape in examining
the ectopic expression of lncRNAs. lncRNAs involved in
specific mechanisms of GC progression could be helpful
in GC treatment. Those lncRNAs that are considered
as independent prognostic factors by survival analysis
[17]
[85]
[86]
such as MALAT1 , Sox2ot , OTUB1-isoform 2 ,
[87]
PANDAR , etc., and those lncRNAs dramatically altered
[88]
in postoperative GC patients such as FERI4 , may be
utilized as prognosis evaluation markers. Some lncRNAs
increased in metastatic tissue compared to primary focus
may be beneficial in predicting metastasis.
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Abstract
Developing medicines for hemodynamic disorders
that are characteristic of cirrhosis of the liver is a
relevant problem in modern hepatology. The increase
in hepatic vascular resistance to portal blood flow
and subsequent hyperdynamic circulation underlie
portal hypertension (PH) and promote its progression,
despite the formation of portosystemic collaterals.
Angiogenesis and vascular bed restructurization play
an important role in PH pathogenesis as well. In this
regard, strategic directions in the therapy for PH in
cirrhosis include selectively decreasing hepatic vascular
resistance while preserving or increasing portal blood
flow, and correcting hyperdynamic circulation and
pathological angiogenesis. The aim of this review is to
describe the mechanisms of angiogenesis in PH and
the methods of antiangiogenic therapy. The PubMed
database, the Google Scholar retrieval system, and the
reference lists from related articles were used to search
for relevant publications. Articles corresponding to the
aim of the review were selected for 2000-2017 using
the keywords: “liver cirrhosis”, “portal hypertension”,
“pathogenesis”, “angiogenesis”, and “antiangiogenic
therapy”. Antiangiogenic therapy for PH was the
inclusion criterion. In this review, we have described
angiogenesis inhibitors and their mechanism of action
in relation to PH. Although most of them were studied
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only in animal experiments, this selective therapy for
abnormally growing newly formed vessels is patho
genetically reasonable to treat PH and associated
complications.

blood into the portal vein, keeping unchanged the portal
[3]
blood flow, which participates in liver perfusion .
Angiogenesis plays an important role in the
pathogenesis of many chronic liver diseases, including
[4]
fibrosis, cirrhosis, and hepatocellular carcinoma . It
can also accompany PH, underlying its development
and causing related complications. Indeed, the newly
formed blood vessels, which bypass sinusoids in
response to the gross morphofunctional rearrangement
of the liver in cirrhosis, fail to provide oxygen and
nutrients to the tissues, which worsens the course of
the disease and increases hepatic vascular resistance
[5]
to portal blood flow . Further progression of PH
is a consequence of complex processes including
angiogenesis, vascular remodeling, and endothelial
dysfunction, which contribute to splanchnic congestion,
portosystemic shunt formation, and a hyperdynamic
[6]
circulatory state (Figure 1). From this, it can be
inferred that antiangiogenic therapy, which is selectively
aimed at suppressing newly formed vessels’ formation
and growth, is a pathogenetically grounded method of
[7]
treating PH and associated complications .
The efforts to develop angiogenesis inhibitors began
in the 1970s at Harvard University under the guidance
of Judah Folkman. The drugs were actively introduced
into clinical practice a decade after the first were
[8]
developed .

Key words: Liver cirrhosis; Portal hypertension; Patho
genesis; Angiogenesis; Antiangiogenic therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review describes the role of angiogenesis
in the pathogenesis of portal hypertension in liver
cirrhosis and the prospects of antiangiogenic therapy.
The analysis of the data showed that angiogenesis
plays an important role in the pathogenesis of cirrhosis
and accompanies portal hypertension, underlying
its development and causing related complications.
Although most of angiogenesis inhibitors were studied
only in animal experiments, this selective therapy for
abnormally growing newly formed vessels is patho
genetically reasonable to treat portal hypertension and
associated complications.
Garbuzenko DV, Arefyev NO, Kazachkov EL. Antiangiogenic
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INHIBITORS OF INTRAHEPATIC
ANGIOGENESIS
One of the two main mechanisms in the formation of
new blood vessels in the liver in cirrhosis is associated
with an increased expression of pro-angiogenic growth
factors, cytokines, and matrix metalloproteinases in
the presence of chronic inflammation. Proinflammatory
mediators produced by Kupffer cells, mast cells, and
leukocytes may manifest an angiogenic response
at the expense of hypoxia-inducible factor-1α (HIF[9]
1α) induction and increased transcription activity .
HIF-1α activates hepatic stellate cells (HSC), which
leads to the development of various angiogenic and
fibrogenic factors, promoting both angiogenesis and
[10]
liver fibrosis . At the same time, diffuse fibrosis,
the formation of regenerative nodules, and also the
capillarization of sinusoids cause an increase in hepatic
vascular resistance and impair oxygen delivery to liver
[11]
cells . Accumulation of HIFs, in particular HIF-1α,
increases the expression of vascular endothelial growth
factor (VEGF), angiopoietin-1 (Ang1), and their related
receptors on activated HSC. This leads to recruitment
and stimulation of sinusoidal endothelial cells (SEC),
which stabilizes the newly formed vessels and ensures
their strength. In turn, SEC produce platelet-derived
growth factor (PDGF) and transforming growth
factor-β1 (TGF-β1), contributing to the recruitment
and migration of HSC, a process that involves reactive
oxygen species-dependent activation of the extracellular

INTRODUCTION
Developing medicines to treat hemodynamic disorders
that are characteristic of liver cirrhosis and promote
portal hypertension (PH) and related complications is a
relevant problem in modern hepatology. In accordance
with the current clinical recommendations, nonselective
[1]
β-adrenoblockers are the drugs of choice . However,
their influence on portal pressure is variable. A
number of studies showed that they did not lead to a
clinically significant decrease in portal pressure, and
the weakening of their therapeutic effect was noted in
50%-70% of cases in the long-term period. Also, the
question of the appropriateness of using nonselective
β-adrenergic blockers in patients with decompensated
[2]
cirrhosis has not been finally resolved .
Ideally, the pharmacotherapy of PH should lessen
the severity of morphofunctional disorders in the liver,
contributing to the reduction of the vascular resistance
to portal blood flow. Also, it should successfully correct a
hyperdynamic circulatory state. As a result, the hepatic
venous pressure gradient (HVPG), the most accurate
equivalent of portal pressure, should be reduced to less
than 12 mmHg or be 20% lower than an original value.
In addition, it is necessary to avoid arterial hypotension
and at the same time reduce the influx of splanchnic
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Endothelial dysfunction and
paracrine interaction impairment
between hepatocytes, SEC,
Kupffer cells, and activated HSC

Diffuse fibrosis, regenerative
nodules formation, remodeling
and capillarization of sinusoids,
and angiogenesis

An increase in hepatic
vascular resistance

Portal hypertension
An increase in cardiac
output and circulating
plasma volume
A decrease in systemic
vascular resistance and
arterial pressure

Hyperdynamic
circulatory state

Splanchnic congestion

Angiogenesis and vascular
remodeling

Opening of natural venous collaterals
(paraumbilical veins and others)

Portosystemic shunting

An increase in the production of NO
and other locally acting vasodilators
by the endothelium

Endotoxemia
A decrease in cardiac and
vascular sensitivity to endogenous
vasoconstrictors

Systemic vasodilation

An activation of the reninangiotensin-aldosterone and
sympathetic nervous system

An increase in endogenous
vasoconstrictors production
(norepinephrine and others)

Figure 1 Potential mechanisms of portal hypertension pathogenesis in cirrhosis. The newly formed blood vessels, which bypass sinusoids in response to the
gross morphofunctional rearrangement of the liver in cirrhosis, fail to provide oxygen and nutrients to the tissues. With endothelial dysfunction and impaired paracrine
interaction between hepatocytes, sinusoidal endothelial cells (SEC), Kupffer cells, and activated hepatic stellate cells (HSC), this increases hepatic vascular resistance
to portal blood flow. Further progression of portal hypertension is a consequence of complex processes including angiogenesis, vascular remodeling, and endothelial
dysfunction, which contribute to splanchnic congestion, systemic vasodilation, and portosystemic shunt formation. The subsequent hyperdynamic circulatory state
worsens the course of the disease.

signal-regulated kinase (ERK) pathway and c-Jun NH2terminal kinases (JNK) followed by HIF-1α-dependent
[12]
synthesis of VEGF .

Bcl-2 to Bax; (3) an increase in the ratio of matrix
metalloproteinases to the tissue inhibitor of matrix
metalloproteinases, and also a decrease in the synthesis
of collagen by HSC; (4) the inhibition of phosphorylation
of ERK, Akt, and ribosomal protein kinase S6 with
[17]
a molecular mass of 70 kDa (p70S6K) ; and (5)
the disturbance of the Kruppel-like factor 6–Ang1–
[18]
fibronectin molecular triad functioning . Sorafenib
decreased the severity of inflammation, fibrogenesis,
and angiogenesis in rats with biliary cirrhosis, which led
to a reduction in hepatic vascular resistance to portal
[19]
blood flow .
Another multi-targeted tyrosine kinase inhibitor
sunitinib is less studied but known to block VEGFR1/2/3,
PDGFR-α/β, fibroblast growth factor receptor (FGFR),
[20]
and c-kit signaling . In addition, an in vitro study by
[21]
Majumder et al
showed that sunitinib can slow HSC
collagen synthesis by 47%, reduce HSC contractility by
65%, and decrease cellular migration by 28%, as well
as inhibit the angiogenic capacity of SEC.
Branivib is a double inhibitor of VEGFR and FGFR
signaling. It significantly suppressed intrahepatic
angiogenesis and reduced PH in rats with biliary
[22]
cirrhosis . Additionally, it improved blood circulation
in the liver and hindered the formation of ascites
in rats with liver cirrhosis caused by nonalcoholic
[23]
steatohepatitis .

Tyrosine kinase inhibitors

The introduction of antiangiogenic therapy into he
patological practice began with the treatment of
hepatocellular carcinoma, a well-vascularized tumor that
[13]
needs intense angiogenic activity for its development .
The most studied drug used for this purpose is
sorafenib, a multi-targeted inhibitor of receptor and
non-receptor tyrosine kinases, which are responsible
for transmitting various signals to cells, including
proliferative stimuli. The antitumor and antiangiogenic
effect of sorafenib is achieved mainly through the
suppression of the Raf/MEK/ERK signaling pathway
and blockade of signaling from the receptors of VEGF
[14]
(VEGFR), PDGF (PDGFR), and c-kit (SCFR) .
Experimental studies have shown the antiangiogenic
effect of sorafenib during the early stage of hepatic
[15]
fibrosis . In animals with various models of cirrhosis,
it had positive effects on some pathogenetic pathways
of fibrogenesis and angiogenesis in the liver by
blocking the receptor tyrosine kinases located on the
surface of HSC, the expression of which, especially
[16]
VEGFR and PDGFR, was increased
(Figure 2):
(1) The suppression of activated HSC proliferation
and the activation of apoptosis; (2) the inhibition of
cyclin D1 and cyclin-dependent kinase 4 (Cdk-4) with
a simultaneous increase in the expression of Fas,
Fas-L, and Caspase-3, and a decrease in the ratio of
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Figure 2 Positive effects of sorafenib on some pathogenetic pathways of fibrogenesis and angiogenesis in the liver. Sorafenib (S) blocks the ATP-binding
site of the vascular endothelial growth factor receptor (VEGFR), platelet-derived growth factor receptor (PDGFR), and stem cell growth factor receptor (SCFR) tyrosine
kinases located on the surface of hepatic stellate cells (HSC), inhibiting the two main cellular pathways of the RAS protein. At the same time, sorafenib increases the
expression of Fas and its ligand. This decreases the severity of fibrogenesis and angiogenesis and increases apoptosis, leading to a reduction in hepatic vascular
resistance to portal blood flow.
[24]

of KLF2 in SEC . KLF2 is a member of a family of
widely expressed transcription factors that regulate
cell and tissue growth. KLF2 is well represented in the
vascular endothelium and is necessary for the normal
development of vessels; in addition, it is a well-known
antiangiogenic factor that modulates the severity of
[25]
many endothelial vasoprotective genes . KLF2 can
effectively inhibit HIF-1α, reducing the expression of
[26]
such proangiogenic factors as VEGF and Ang2 .
The mechanical stimuli generated by shear stress
are the main physiological impulse for triggering
[27]
and maintaining endothelial KLF2 expression . In
the cirrhotic liver, KLF2 expression was elevated in
[28]
[29]
both SEC
and activated HSC . This serves as
a compensatory mechanism aimed at eliminating
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vascular dysfunction and preventing angiogenesis by
suppressing the proliferation and migration of SEC, as
well as downregulating the ERK1/2 signaling pathway to
[30]
inhibit the formation of tubular structures .
[31]
In an in-vitro study conducted by Miao et al , sim
vastatin eliminated the pro-angiogenic environment
for TGF-β-activated HSC as a result of the following
processes: (1) The reduction of cell migration and
proliferation; (2) the inhibition of the α-smooth muscle
actin expression, and the elevation of mRNA and KLF2
levels in HSC; (3) an increase in the production of
endothelial nitric oxide synthase (eNOS) and suppression
of the various proangiogenic proteins expression in
HSC, such as VEGF, HIF-1α, and pro-inflammatory
nuclear factor kappa B (NF-κB); and (4) the reduction
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of the hyperactivity of interferon γ, which participates in
angiogenesis. In rats with CCL4-induced liver cirrhosis,
it was noted that statins (atorvastatin, mevastatin,
simvastatin, and lovastatin) enhanced the effect of KLF2.
By doing this, they deactivated SEC and reduced the
severity of fibrosis and associated angiogenesis, thereby
[32]
exerting a positive effect on PH .

effect on the morphological changes underlying the
[39]
development of cirrhosis . In addition, at therapeutic
concentrations, it is able to inhibit angiogenesis both
in vitro and in vivo, which is due to the inhibition of
inosine-5’-monophosphate dehydrogenase 1 activity
and a decrease in tetrahydrobiopterin, NO, and cGMP
[40]
levels in SEC .

Rifaximin

INHIBITORS OF EXTRAHEPATIC
ANGIOGENESIS

Endotoxemia, which is due to the translocation of gramnegative bacteria from the intestine, plays an important
role in the pathogenesis of both cirrhosis and associated
[33]
complications . During the development of cirrhosis,
bacterial lipopolysaccharide influences Kupffer cells
and HSC. Nevertheless, SEC is affected first. Toll-like
receptors 4 (TLR4), which are located on their surface
and capable of binding bacterial lipopolysaccharide,
is involved in fibrosis-associated angiogenesis. These
receptors manifest such properties through the related
cytosolic adapter protein MyD88, which is involved in
the production of extracellular protease regulating the
[34]
invasive ability of SEC .
In mice with biliary cirrhosis, it was shown that
rifaximin, a nonabsorbable antibiotic with broad
antimicrobial activity against aerobic and anaerobic
gram-negative bacteria, reduced the severity of fibrosis
and angiogenesis in the liver by inhibiting bacterial
lipopolysaccharide binding to TLR4. As a consequence, it
[35]
reduced PH . This drug is already used to treat hepatic
encephalopathy. It has an acceptable safety profile
when applied in patients with chronic liver diseases and
[36]
is approved by the US Food and Drug Administration .
[35]
The experimental study may be a basis for evaluation
of rifaximin in other complications of cirrhosis.

Disturbances of organ and systemic hemodynamics
and the development of portosystemic collateral
circulation in PH begin with splanchnic vasodilation
and neovascularization caused by hypoxia of intestinal
mucosa and pro-inflammatory cytokines, chemokines,
and angiogenic factors, such as VEGF, PDGF, the
[41]
placental growth factor (PlGF), and others . It was
traditionally thought that portosystemic shunts are
formed when increased portal pressure “opens” preexisting vessels in the areas of embryonic connection
between the portal and systemic circulation. This
paradigm was challenged by Fernandez, who first
reported that portosystemic collaterals in PH are formed
due to active angiogenesis. It was shown in an animal
model of prehepatic PH induced by partial portal vein
ligation that the blockade of VEGFR-2 with anti-VEGFR-2
monoclonal antibody for 5-7 d and inhibition of VEGF/
VEGFR-2 signalization using autophosphorylation
inhibitor VEGFR-2 for 5 d after the operation resulted
in 50% reduction of portosystemic collateral vessel
[42,43]
formation
. Blockade of NAD(P)H also contributed
to this owing to the reduced splanchnic expression of
[44]
VEGF, VEGFR-2, and CD31 .
It should be noted that VEGF is of the greatest
importance only at the initial stages of angiogenesis,
when it activates endothelial cell proliferation and
the subsequent formation of endothelial tubules.
Vascular maturation is modulated mainly by PDGF,
which regulates the introduction of endothelial tubules
into the population of intramural cells and pericytes,
[45]
thus stabilizing the newly formed vasculature . The
simultaneous suppression of the signaling caused by
both VEGF and PDGF appears more promising than
suppressing them individually.

Largazole

The histone deacetylase inhibitor largazole is a
natural compound derived from marine cyanobacteria
Symploca sp. With a strong antiproliferative and
cytotoxic effect, it has a wide spectrum but differential
[37]
activity against several different lines of cancer cells .
In addition, in experimental studies in vitro and in vivo,
largazole attenuated the severity of liver fibrosis and
associated angiogenesis through numerous independent
mechanisms: (1) The reduction of VEGF production
by HSC; (2) the inhibition of VEGF-stimulated HSC
proliferation; (3) the downregulation of TGF-β1- and
VEGF-induced Akt phosphorylation in activated HSC,
as well as the downregulation of VEGFR2-dependent
p38MAPK phosphorylation in SEC; and (4) the
[38]
suppression of CD34, VEGF, and VEGFR2 expression .
The ability of largazole to affect the main fibrogenic and
angiogenic pathways in the cirrhotic liver can be used to
test its effectiveness in PH.

Tyrosine kinase inhibitors
[46]

Fernandez et al
studied the combined effect of
rapamycin (mTOR inhibitor) and glivec (tyrosine
protein kinase inhibitor) on VEGF and PDGF signaling,
respectively, in rats with extrahepatic PH caused by
partial portal vein ligation and with well-developed
portosystemic collateral circulation. It was noted that
rapamycin and glivec in combination markedly reduced
the splanchnic neovascularization and pericyte coverage
of new vessels through the decreased expression of
VEGF, VEGFR2, CD31, PDGF, PDGFR-β, and α-smooth
muscle actin. In addition, there was a reduction of

Ribavirin

In addition to antiviral activity against certain DNA- and
RNA-containing viruses, ribavirin may have a positive
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portal pressure and blood flow along the superior
mesenteric artery by 40% and 30% from the baseline
level, respectively.
[19]
Similar results were obtained by Mejias et al , who
found that multi-kinase inhibitor sorafenib triggered
blockade of VEGF and PDGF signaling transduction
and the Raf/MEK/ERK signaling pathways. Sorafenib
significantly reduced intraorgan and systemic blood
flow, and increased splanchnic neovascularization by
80% and portosystemic shunting by 18%. This led to
a reduction in hepatic vascular resistance and decrease
in portal pressure by 25% from the baseline. It was
also noted that the positive effect of sorafenib on
PH was more significant when it was combined with
[47]
propranolol .

the proliferation of endothelial cells of the heart
by
activating angiotensin Ⅱ signaling. At the same time,
its antagonist spironolactone inhibits these processes
[55]
both in vitro and in vivo . In rats with biliary cirrhosis,
spironolactone significantly reduced the degree of
mesenteric angiogenesis and portosystemic shunting by
[56]
suppressing the VEGF signal transduction pathway .

N-acetylcysteine

Because hypoxia serves as the main inducer of angio
genesis both under physiological and pathological
conditions, angiogenesis inhibitors may be drugs with
antioxidant properties. One of them is N-acetylcysteine,
which is a derivative of amino acid cysteine, the thiol
groups of which directly interact with electrophilic
groups of free radicals. N-acetylcysteine can also
enhance the activity of glutathione-S-transferase,
glutathione peroxidase, glutathione reductase, and a
number of other enzymes involved in maintaining the
[57]
oxidant/antioxidant balance .
Long-term application of N-acetylcysteine in rats
with biliary cirrhosis lessened oxidative stress in the
mesentery of the small intestine, reduced the level
of circulating inflammatory cytokines, and inhibited
mesenteric angiogenesis by decreasing angiogenic
marker expression (VEGF, VEGFR2, Ang1, and CD31).
This eventually improved splanchnic and systemic
hemodynamics.
In addition, N-acetylcysteine inhibited VEGFinduced endothelial tubule formation and endothelial cell
migration by suppressing tumor necrosis factor-α (TNF-α)
and Akt/eNOS/NO angiogenic signaling cascade in vitro.
It also reduced the number of reactive oxygen species
(including reactive compounds of thiobarbituric acid and
malondialdehyde) and inflammatory cytokines in the
[58]
human umbilical vein endothelial cell supernatant .

Somatostatin and its synthetic analogs

Somatostatin is a cyclic 14-amino acid peptide, which
is secreted by nerve, endocrine, and enteroendocrine
cells in the hypothalamus and digestive system (in the
stomach, intestine, and pancreatic δ-cells). Somatostatin
and its synthetic analogs (octreotide, vapreotide, and
others) are used in patients with cirrhosis to treat
bleeding from esophageal varices by affecting both intra[48]
and extrahepatic mechanisms of PH .
The ability of octreotide to inhibit cell proliferation
and neovascularization through the high-affinity
somatostatin subtype receptor 2 (SSTR2) was an
impetus for studying its antiangiogenic properties
[49]
in various diseases . In studies involving rats with
extrahepatic PH caused by partial portal vein ligation,
octreotide significantly weakened the expression of
VEGF and CD31 in the internal organs, reduced the
development of splanchnic neovascularization by 64%,
and lessened the severity of a portosystemic collateral
circulation by 16%. At the same time, its angioinhibitory
effect manifested only in the first four days of the
experiment and completely disappeared after a week,
as PH progressed. This is possibly due to a decrease in
SSTR2 expression in mucosa, intestinal vessels, and
[50]
portosystemic collaterals .

Endothelin receptor blockers

Endothelin-1 (ET-1) is one of the mediators whose
synthesis is enhanced in conditions of tissue hypoxia.
It belongs to the endothelin family, which includes
two more homologous oligopeptides (ET-2 and ET-3).
Endothelins are the products of the proteolysis of their
precursor “large endothelin”, which is driven by the
endothelin-converting enzyme. They act through two
types of G-protein-coupled receptors: type A (ETA)
and type B (ETB). Type B (ETB) has two isoforms: ETB1
and ETB2. ETA are located primarily on membranes of
vascular smooth muscle cells, whereas ETB are present
on both endothelial and smooth muscle cells.
ET-1, the most studied potent vasoconstrictor, is
produced by vascular endothelial and smooth muscle
cells. It is directly involved in intra- and extrahepatic
mechanisms of PH pathogenesis, and its circulating level
is increased in cirrhosis because of “large endothelin”
hyperproduction and increased expression of
[59]
endothelin-converting enzyme . Experimental studies
have shown that ET-1 induces angiogenic responses in

Spironolactone

Pathophysiological disturbances inherent to PH
underlie the occurrence of ascites in cirrhosis.
Systemic arterial vasodilation and the activation
of various neurohormonal pathways, including the
renin-angiotensin-aldosterone system, caused renal
+
dysfunction. This decreases Na and water excretion
and reduces the glomerular filtration rate. The drug of
choice for treatment is spironolactone, an antagonist
of aldosterone, a mineralocorticoid, that mediates
+
the reabsorption of Na and water in the distal part
[51]
of the nephron . In addition to the important role
in maintaining water-salt metabolism, aldosterone
has angiogenic properties. In particular, it enhances
[52]
ischemia-induced neovascularization , stimulates
[53]
pathological angiogenesis in the retina , and promotes
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cultured endothelial cells through endothelial ETB-type
receptors and, in combination with VEGF, stimulates
[60]
neovascularization in vivo . The nonselective
endothelin receptor blocker bosentan and the selective
ETA receptor blocker ambrisentan reduced the degree of
mesenteric angiogenesis and portosystemic shunting in
rats with biliary cirrhosis by suppressing inducible nitric
oxide synthase (iNOS), cyclooxygenase 2, VEGF and
[61]
VEGFR2, and Akt signaling .

induced liver cirrhosis by downregulating apoptosis .
The long-term use of curcumin, a polyphenol
extracted from turmeric roots, improved the course
of PH in liver cirrhosis by positively affecting liver
fibrosis and reducing portal influx. These effects were
achieved through inhibiting mesenteric angiogenesis
and restoring mesenteric vessel contractility, as well
as decreasing the degree of portosystemic collateral
circulation and hyperdynamic circulatory state.
Moreover, its favorable effects on the splanchnic and
systemic blood flow included the suppression of VEGF,
[69]
cyclooxygenase 2, and eNOS .

Pioglitazone

Pioglitazone, a potent selective agonist of peroxisome
proliferator-activated receptors-γ (PPAR-γ), is able to
reduce the level of systemic inflammation in patients
with a high cardiovascular disease risk. It blocks the
activity of pro-inflammatory genes by post-transcriptional
modification of their products (by attaching small SUMO
proteins to them) and suppresses NF-κB expression by
transrepression. All PPAR isomers (PPAR-α, PPAR-β/-δ,
and PPAR-γ) are anti-inflammatory nuclear transcription
factors and NF-κB antagonists. Dominant negative
mutation of PPAR-γ leads to systemic inflammation
and rapid development of related diseases: arterial
hypertension, atherosclerosis, type 2 diabetes, nonal
[62]
coholic steatohepatitis, psoriasis, and premature aging .
In addition to systemic inflammation reduction,
PPAR-γ agonists are also capable of inhibiting oxidative
[63]
stress and angiogenesis . In rats with models of
biliary cirrhosis and extrahepatic PH caused by partial
portal vein ligation, pioglitazone reduced the degree of
portosystemic shunting by 22%-30% by suppressing
angiogenic and pro-inflammatory cytokines, chemokines,
[64]
and growth factors (VEGF, PDGF, and PIGF) .

CLINICAL EXPERIENCE OF
ANTIANGIOGENIC THERAPY FOR PH
The effect of the drugs described above was studied
only in experiments involving animals (Tables 1 and 2),
and only tyrosine kinase inhibitors were tested as an
antiangiogenic therapy in patients with cirrhosis and PH.
[70]
Coriat et al
were the first to assess the effect of
sorafenib on the portal and systemic hemodynamics,
in seven patients with cirrhosis and hepatocellular
carcinoma. Five of them had Child–Turcotte–Pugh
(CTP) class A, and two had CTP class B. Sorafenib was
administered for one month at 400 mg twice a day. In
one patient, this was first reduced to 400 mg once a
day and then to 400 mg every two days because side
effects appeared. A decrease in portal blood flow by at
least 36% was noted, while no changes in blood flow
were found in the azygos vein and abdominal aorta.
[71]
In a pilot study, Pinter et al investigated the effects
of sorafenib on HVPG and systemic hemodynamics,
as well as the expression of mRNA genes involved in
fibrogenesis, angiogenesis, and inflammation in the liver
in 13 patients suffering from cirrhosis and hepatocellular
carcinoma (10 patients had CTP class A and three
patients had CTP class B). The drug was administered
at 400 mg twice a day for two weeks. Four of the 11
patients with PH (eight of whom had clinically significant
PH) had a reduction in HVPG by more than 20% from
the baseline values and, in addition, a decrease in the
levels of mRNA, VEGF, PDGF, PIGF, RhoA kinase, and
TNF-α.
However, the results were not as optimistic in a
randomized double-blind placebo-controlled study that
assessed the effects of sorafenib administered at 400
mg twice a day on HVPG in nine patients with cirrhosis
[72]
and hepatocellular carcinoma .
The main drawback of tyrosine kinase inhibitors is
hepatotoxicity. A study of possibilities of their selective
delivery to target cells, in particular, HSC, seems to be a
promising direction in solving this problem.

Thalidomide

Thalidomide, a glutamic acid derivative with anti
angiogenic, anti-inflammatory, and immunomodulatory
properties, is able to hinder TNF-α/interleukin-1β
production for which activated immune cells are
[65]
responsible . It was also shown in rats with biliary
cirrhosis that thalidomide blocked the TNFα-VEGF-NOSNO pathway by downregulating elevated inflammasome
expression in the intestinal and mesenteric tissues,
which weakened mesenteric angiogenesis and
[66]
portosystemic shunting .

Polyphenols

The possibility of influencing the pathogenetic me
chanisms of extrahepatic angiogenesis was found in
polyphenols, the chemicals of plant origin with a strong
antioxidant effect.
The tea catechins extracted from the dried leaves
of Camellia sinensis reduced the severity of mesenteric
angiogenesis and portosystemic shunting in rats with
biliary cirrhosis by reducing HIF-1α expression, Akt
[67]
signaling, and VEGF synthesis .
2’-hydroxyflavonoid, which is contained in citruses,
prevented the formation of new splanchnic vessels and
portosystemic collaterals in rats with thioacetamide-
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Table 1 Drugs that can inhibit intrahepatic angiogenesis in portal hypertension
Ref.

Drugs

Liu et al[15], Qu et al[16],
Wang et al[17], Thabut
et al[18], Mejias et al[19]

Experimental models

Effects

Sorafenib

Biliary cirrhosis, non-alcoholic steatohepatitis, Suppresses the Raf/MEK/ERK signaling pathway and blocks the
thioacetamide-, diethylnitrosamine-,
signaling from the VEGFR, PDGFR, and SCFR; therefore, increases
dimethylnitrosamine-, and CCl4-induced
apoptosis and decreases inflammation, fibrogenesis, angiogenesis,
cirrhosis
and hepatic vascular resistance
Tugues et al[20],
Sunitinib
CCl4-induced cirrhosis and cell cultures
Blocks VEGFR1/2/3, PDGFR-α/β, FGFR, and SCFR; reduces
Majumder et al[21]
(immortalized human activated HSC cell line,
HSC collagen synthesis, contractility, cellular migration, and SEC
human HSC, and isolated primary human liver
angiogenic capacity
sinusoidal endothelial cells)
Lin et al[22], Yang et al[23] Brivanib
Biliary cirrhosis, non-alcoholic steatohepatitis
Inhibits VEGFR and FGFR; therefore, suppresses intrahepatic
angiogenesis and portal hypertension, improves blood circulation,
and hinders ascites formation
Miao et al[31], Marrone Simvastatin
CCl4-induced cirrhosis and LX-2 cell line
Enhances KLF2, through which deactivates SEC and reduces the
et al[32]
severity of fibrosis and associated angiogenesis
Zhu et al[35]
Rifaximin
Biliary cirrhosis
Downregulates bacterial lipopolysaccharide binding to TLR4;
therefore, reduces the severity of fibrosis and associated
angiogenesis
Liu et al[37], Liu et al[38] Largazole
Human colorectal carcinoma cells (HCT116,
Suppresses the effects of CD34, VEGF, TGF-β1, and VEGFR2,
HT29, and HCT15), human HSC, and CCl4blocking the main fibrogenic and angiogenic pathways
induced cirrhosis
Michaelis et al[40]
Ribavirin
Human umbilical vein endothelial cells
Hinders angiogenesis by inhibiting inosine-5'-monophosphate
dehydrogenase 1, tetrahydrobiopterin, NO, and cGMP
CCl4: Carbon tetrachloride; VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; SCFR: Stem cell growth
factor receptor; FGFR: Fibroblast growth factor receptor; HSC: Hepatic stellate cells; SEC: Sinusoidal endothelial cells; KLF2: Krüppel-like factor 2; TLR4:
Toll-like receptor 4; TGF-β1: Transforming growth factor beta 1; NO: Nitric oxide; cGMP: Cyclic guanosine monophosphate.

Table 2 Drugs that can inhibit extrahepatic angiogenesis in portal hypertension
Ref.
Fernandez et al[46]
Mejias et al[19]

Drugs

Experimental models

Effects

Rapamycin and
glivec
Sorafenib

Partial portal vein
ligation
Partial portal vein
ligation and CCl4induced cirrhosis
Partial portal vein
ligation
Biliary cirrhosis
Biliary cirrhosis

Downregulates VEGF, VEGFR2, CD31, PDGF, PDGFR-β, and α-SMA

Woltering et al[49], Mejias Somatostatin and its
et al[50]
synthetic analogs
Miternique-Grosse et al[55]
Spironolactone
Lee et al[58]
N-acetylcysteine
Hsu et al[61]

Biliary cirrhosis

Schwabl et al[64]

Bosentan and
ambrisentan
Pioglitazone

Li et al[66]

Thalidomide

Biliary cirrhosis
Biliary cirrhosis

Hsin et al[68]

Catechins of Camellia
sinensis
2’-hydroxyflavonoid

Hsu et al[69]

Curcumin

Hsu et al[67]

Biliary cirrhosis

Blocks VEGF, PDGF, and Raf/MEK/ERK signaling pathway; therefore,
reduces intraorgan and systemic blood flow, splanchnic neovascularization,
portosystemic shunting, hepatic vascular resistance, and portal pressure
Reduces VEGF and CD31 expression, splanchnic neovascularization, and
portosystemic collateral circulation by blocking SSTR2
Suppresses the effects of aldosterone and the VEGF signal transduction pathway
Reduces oxidative stress, inflammatory cytokine levels, TNF-α, VEGF, VEGFR2,
Ang1, CD31 expression, and suppresses Akt/eNOS/NO pathway
Block endothelin receptors and suppress iNOS, cyclooxygenase 2, VEGF,
VEGFR2, and Akt signaling
Downregulates inflammatory genes and NF-κB expression, suppresses
angiogenic and pro-inflammatory cytokines, chemokines, and growth factors
(VEGF, PDGF, and PIGF)
Hinders TNF-α/interleukin-1β production and blocks the TNFα-VEGF-NOSNO pathway
Reduce HIF-1α expression, Akt signaling, and VEGF synthesis

Thioacetamideinduced liver cirrhosis
Biliary cirrhosis

Downregulates apoptosis
Suppresses VEGF, cyclooxygenase 2, and eNOS

CCl4: Carbon tetrachloride; VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; α-SMA: Alpha smooth
muscle actin; SSTR2: Somatostatin receptor type 2; TNF-α: Tumor necrosis factor alpha; Ang1: Angiopoietin 1; eNOS: Endothelial nitric oxide synthase; NO:
Nitric oxide; iNOS: Inducible nitric oxide synthase; NF-κB: Factor kappa-light-chain-enhancer of activated B cells; PIGF: Placental growth factor; HIF-1α:
Hypoxia-inducible factor-1 alpha.

for its pharmacotherapy. Currently, the drugs of choice
are nonselective β-blockers. Nevertheless, their use
is not recommended during the subclinical stage
of the disease, when the most justified treatment
is etiotropic and pathogenetic and aimed at, for

WJG|www.wjgnet.com

example, affecting fibro- and angiogenesis in the liver,
as well as angiogenesis underlying the formation of
portosystemic shunts. Etiogenic approach, as part of a
complex correction of pathophysiological disorders that
contribute to the development of PH, may be the key to
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success in preventing related complications.
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Abstract

Informed consent statement: All procedures were approved by
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generally accepted guidelines for the use of human material.

AIM
To establish cell line and patient-derived xenograft
(PDX) models for neuroendocrine carcinomas (NEC)
which is highly desirable for gaining insight into tumor
development as well as preclinical research including
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biomarker testing and drug response prediction.

and genetic characterization of a colon derived large cell
neuroendocrine carcinoma cell line. World J Gastroenterol 2018;
24(33): 3749-3759 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i33/3749.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i33.3749

METHODS
Cell line establishment was conducted from direct
in vitro culturing of colonic NEC tissue (HROC57).
A PDX could also successfully be established from
vitally frozen tumor samples. Morphological features,
invasive and migratory behavior of the HROC57 cells
as well as expression of neuroendocrine markers
were vastly analyzed. Phenotypic analysis was done
by microscopy and multicolor flow cytometry. The
extensive molecular-pathological profiling included
mutation analysis, assessment of chromosomal and
microsatellite instability; and in addition, fingerprinting
(i.e. , STR analysis) was performed from the cell line in
direct comparison to primary patient-derived tissues and
the PDX model established. Drug responsiveness was
examined for a panel of chemotherapeutics in clinical
use for the treatment of solid cancers.

INTRODUCTION
Neuroendocrine tumors (NET) are a heterogeneous
group of tumors arising from cells which are derived
from the embryonic neural crest, neuroectoderm, and
[1]
endoderm . The age-adjusted incidence of all NETs
[2]
increased from 1.9 to 5.25 cases per 100000 people
which is probably due to improvements in surveillance
[3]
and diagnostic endoscopy . Gastroenteropancreatic
neuroendocrine neoplasms (GEP-NEN) are a subgroup
of NET that derive from neuroectodermal cells, such
[4]
as the enterochromaffin-like cells of the intestine .
These tumors can produce a multitude of different
markers and peptide hormones; i.e., neuron-specific
[5,6]
enolase, synaptophysin and chromogranin A . Based
on the actual revised 2010 WHO classification, NEN
are classified according to their differentiation and
proliferation. In addition, the European Neuroendocrine
Tumor Society has proposed a tumor-node-metastasis
staging and grading system for various types of GEP[7]
NET . Well-differentiated NEN are classified together as
NET G1 or G2 (G1: < 2 mitoses/10 high power fields;
Ki-67 index ≤ 2%, G2: 2-20 mitoses/10 high power
[8,9]
fields; Ki-67 index 3%-20%) . While NET G1 can be
equated with carcinoid, all poorly differentiated G3 NEN
are termed neuroendocrine carcinoma (NEC). This NEC
group is further subdivided into a small-cell and a largecell variant. Regarding their proliferation activity, all NEC
are poorly differentiated actively proliferating G3 tumors
(NEC; G3: > 20 mitoses/10 high power fields; Ki-67
[7,8]
index > 20%) . Recently, a proportion of NET could
be identified presenting a high proliferation with either
mitoses or Ki-67 index cutoff above 20% and most
important a well-differentiated morphology. This novel
category was called well-differentiated grade 3 NET (NET
[10]
G-3) .
In local or locoregional disease all patients should
be considered for curative resection of the primary
tumor and locoregional lymph nodes according to
[11]
actual guidelines . In advanced or metastatic disease,
cytoreductive surgery should be considered when
metastatic disease is localized or if > 70% of tumor load
[11]
is thought to be resectable . In metastatic disease
involving high-grade G3 NEC combination chemotherapy
[12]
consisting of cisplatinum and etoposide is suggested .
Nonetheless response rates to chemotherapy are low
[11]
and there is no established second line therapy .
For further research on the biological characteristics
of these tumors, for development and preclinical testing
of new treatment modalities and potential molecular
therapeutical targets, establishment of new in vitro and

RESULTS
The established cell line HROC57 showed distinct morph
ological and molecular features of a poorly differentiated
large-cell NEC with KI-67 > 50%. Molecular-pathological
analysis revealed a CpG island promoter methylation
positive cell line with microsatellite instability being
absent. The following mutation profile was observed:
KRAS (wt), BRAF (mut). A high sensitivity to etoposide,
cisplatin and 5-FU could be demonstrated while it was
more resistant towards rapamycin.
CONCLUSION
We successfully established and characterized a novel
patient-derived NEC cell line in parallel to a PDX model
as a useful tool for further analysis of the biological
characteristics and for development of novel diagnostic
and therapeutic options for NEC.
Key words: Patient-derived tumor model; Large cell
neuroendocrine carcinoma; Individualized medicine
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Since incidence of G3 poorly differentiated
neuroendocrine carcinomas (NEC) is very low, data is
substantially scarcer than on G1 or G2 neuroendocrine
tumors. Herein we describe an ultra-low passage NEC
cell line and corresponding patient-derived xenograft
model established directly from patient derived colonic
tumor samples. We characterized our model according
to phenotype, molecular, morphological and growth
characteristics, as well as drug response and radiation
response profiles. We present a useful tool for further
analysis of the biological characteristics and for
development of novel diagnostic and therapeutic options
for NEC. The model is available on request.
Gock M, Mullins CS, Harnack C, Prall F, Ramer R, Göder A,
Krämer OH, Klar E, Linnebacher M. Establishment, functional
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in vivo models is mandatory. In the last decades, only
a very few GEP-NEN cell lines have been established
[13]
and characterized
but pathological terminology is
very heterogeneous especially regarding the actual
[13]
revised 2010 WHO classification . For colorectal
adenocarcinoma, many patient-individual tumor models,
which have been generated in the last decade by us and
[14-16]
others
, have proven extremely helpful in deciphering
[16]
colorectal cancers’ molecular heterogeneity
and
in the identification of novel druggable targets and
[17,18]
combinatorial treatment strategies
.
In this study, we describe the establishment and
functional characterization of a novel NEC colon derived
cell line with corresponding patient-derived xenograft
(PDX) model. A broad analysis of tumor biology, genetic
alterations and assessment of chemosensitivity towards
an extensive range of chemotherapeutic drugs and of
radiosensitivity has been performed. Considering these
aspects, such characterized matched in vitro and in
vivo tumor models represent excellent tools for further
development of individual therapy regimens and are
a valuable tool to gain additional insight in the tumor
biology of NEC.

18059, Germany; permit number: LALLF M-V/
TSD/7221.3-1.1-071-10).

Histology and immunohistochemistry of original tumors
and PDX

Histopathological examination of HE-stained primary
tumors and corresponding PDX was done according to
[20]
standard protocols for clinicopathological tumor staging ,
and additional staging information was compiled from
patients’ clinical charts. Supplementary, immunostainings
from paraffin-embedded primary tumors were done for
cytokeratin 20, cytokeratin MNF116, CEA, synaptophysin
and chromogranin.

Mutational and methylation profile of tumor-associated
target genes and determining the level of chromosomal
instability

Molecular classification was done according to Ostwald
[21]
et al . Mutations in tumor-associated APC, P53, KRAS,
V600E
and BRAF
genes were analyzed as described. DNAmethylation in CIMP-sensitive promoters was traced
by the MethyLight technology with a modified marker
[22]
panel originally published by Ogino et al . The degree
of chromosomal instability was assessed using the SNP
Array 6.0 from Affymetrix (Cleveland, OH) according to
manufacturer’s instructions.

MATERIALS AND METHODS
Tumor preparation and cell line establishment

Primary NEC resection specimens of HROC57 were
received fresh from surgery, with informed written
patient consent. All procedures were approved by the
Ethics Committee of the University of Rostock (reference
number II HV 43/2004) in accordance with generally
accepted guidelines for the use of human material.
Tumor samples were cut into small pieces. Parts of the
tumor were immediately frozen in freezing medium
[foetal calf serum (FCS) containing 10% DMSO] at
-80 ℃ for subsequent xenografting. Other pieces were
frozen in liquid nitrogen for molecular analysis. Cell line
establishment protocol was adapted according to Maletzki
[19]
et al , 2012.
For in vivo engraftment, six-week-old female NMRI
nu/nu mice were used as recipients. Mice were bred in
the university’s animal facility and maintained in specified
pathogen-free conditions. All surgical interventions
were performed under Ketamin/Xylazin anaesthesia
(dose: 90/25 mg/kg body weight), and all efforts were
made to minimize suffering. Subcutaneous tumour
[19]
implantation was performed as previously described .
3
Established xenografts (> 1.500 mm ) were removed
and underwent in vitro culture protocols as described
above. All in vivo experimental procedures were carried
out in strict accordance with the recommendations in
the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health. The protocol was
approved by the Committee on the Ethics of Animal
Experiments of the University of Rostock (Landesamt
für Landwirtschaft, Lebensmittelsicherheit und Fischerei
Mecklenburg-Vorpommern; Thierfelder Str. 18, Rostock
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DNA typing

Genomic DNA was isolated from cell lines at different
passages, matched tumor and normal tissue, as well
®
as corresponding B cells using Wizard Genomic DNA
Purification Kit provided by Promega (Mannheim,
Germany). Highly polymorphic short tandem repeat (STR)
DNA marker (CSF1PO, TPOX, THO1, vWA, D16S539,
D13S317, D5S818 and D7S820) and the gender marker
amelogenin were amplified in standard PCR reactions and
analyzed on an ABI Prism 3100 system. PCR primers were
[23]
based on the original publication .

Generation of peripheral Bc cultures

Peripheral blood lymphocytes were purified by Ficoll
density-gradient centrifugation. B-lymphoid cell lines
(B-LCLs) were generated by Epstein-Barr virus (EBV)[24]
transformation as described before . Outgrowing B-LCL
cultures were harvested, expanded, characterized, and
frozen.

In vitro growth kinetics, ploidy and cell cycle analysis

Doubling time of HROC57 cells was determined from
5
serial passages. Therefore, 5 × 10 viable cells were
2
seeded into 25 cm flasks and viable cells (defined by
trypan blue exclusion) were daily counted for seven
days. Cultures were fed every 3 or 4 d. Ploidy and
cell cycle analysis was performed by flow cytometry
(FACSCalibur, BD Biosciences, Heidelberg, Germany)
using fixed cells (70% ethanol), after RNase A digestion
(100 µg/mL; Sigma Aldrich, Munich, Germany) and
propidium iodide (10 µg/mL) addition. 10000 events
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were measured for each sample and cell cycle analysis
was done by applying Modfit software (Verity Software
House, Topsham, United States). Matched B-LCLs were
used as diploid controls.

radiated with 50 Gy using a Cs-source were seeded
5
into 96-well microtiter plates in triplicates (1 × 10 cells
per well and six serial two-fold dilutions). Control cells
were not radiated. After 4 and 7 d, duplicate plates
were analyzed for total cell growth using crystal violet as
described above.

Flow cytometric phenotyping of primary cell line

Cell surface marker expression on NEC line was traced
by flow cytometry with and without IFN-γ pre-treatment
using a panel of FITC-, PE- or APC-conjugated Abs:
CD44, CD56, CD71, CD90, CD326, chromogranin A,
synaptophysin, neuron specific enolase, Ki-67, MHC
I, MHC II, and HLA-A2 (cell culture supernatant clone
BB7.2). For HLA-A2, a secondary FITC-conjugated antimouse Ab was applied. Samples were analyzed using
CellQuest software (BD Biosciences).

Western blot

Mycoplasma and human viral infection

Mycoplasma contamination was tested by the 16S-rRNAgene-based polymerase chain reaction (PCR) amplification
method from whole cell lysates. For determining potential
polyomavirus infection (JC/BK and SV40) gDNA was
isolated using Wizard genomic DNA purification kit
[19]
(Promega). All procedures were done as described in .

Migration and invasion assay

Statistical analysis

Analysis of tumour cell invasion was performed using
a classical Boyden chamber test (8 μm pore size in
a 24-well plate format) with Matrigel-coating (BD
Biosciences) according to the manufacturer’s instructions.
5
Cells were suspended to yield a cell number of 2 × 10
cells per upper Boyden chamber in 500 μL serum-free
medium. Medium in the lower Boyden chamber was
supplemented with 10% heat-inactivated FCS serving
as chemo-attractant. After a 72 h incubation period,
the non-invading cells on the upper surface of the
inserts were removed with a cotton swab, and viability
of cells on the lower surface was measured by the
colorimetric 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5tetrazolio]-1,6-benzene disulfonate (WST-1) test (Roche
[25]
Diagnostics, Mannheim, Germany) . Quantification
of migration was performed in parallel using the same
protocol but with uncoated upper Boyden chambers.

Values are reported as the mean ± SD. After proving the
assumption of normality, differences were determined by
using the unpaired Student’s t-test. If normality failed,
the nonparametric Mann-Whitney U-Test was applied.
The tests were performed by using GraphPad Prism 5.0
(GraphPad Software, San Diego, CA, United States). The
criterion for significance was set to P < 0.05.

RESULTS
Clinical case of a colonic large cell neuroendocrine
carcinoma and origin of cell line

We report on a 43-year-old patient with a history of
weight loss of 12 kg and upper abdominal pain. CT scan
showed a tumor of the ascending colon with diffuse
liver metastasis and colonoscopy revealed a tumor of
5 cm length with tumor stenosis underneath the right
flexure. First tumor biopsies showed an undifferentiated
carcinoma. A right hemicolectomy was performed and
intraoperatively several liver metastases in both lobes
could be confirmed. Macroscopically, the tumor size
was 9 cm × 5 cm × 5 cm. Microscopically, a poorly
differentiated large cell neuroendocrine carcinoma
with deep infiltration of pericolic fatty tissue, lymphatic
tract invasion and major lymph node involvement was
revealed [UICC G3 pT3 pN2 (16/28) L1 V1 cM1 (HEP)].
The patient was dismissed 8 d after the operation
and received several courses of chemotherapy with
cisplatin etoposide at last but died one year after first
diagnosis due to tumor progression with lung and liver
metastases.
The tumor showed a poorly differentiated large cell

In vitro chemo-and radiosensitivity analysis

For chemosensitivity, cells were seeded into 96-well
3
4
microtiter plates at 5 × 10 or 1 × 10 cells/well. When
cells reached 30%-40% confluency, cultures were
exposed to increasing concentrations of etoposide,
cisplatin, 5-FU, oxaliplatin, irinotecan and rapamycin
(pharmacy of the University Hospital Rostock). After three
days of exposure, media were removed and replaced by
fresh medium supplemented with therapeutics. Following
another three days, medium was removed; plates
were carefully washed and stained with crystal violet
(0.2%, 10 min). Finally, drug effects from triplicate wells
were determined at the level of 50% inhibition (IC50) in
comparison to control, measured at 570 nm (reference
wavelength: 620 nm). For radiosensitivity analysis, cells

WJG|www.wjgnet.com

[26]

Western blot was done as previously described .
Antibodies specific for the following targets were
from Santa Cruz (Heidelberg, Germany): Histone
deacetylase (HDAC) 2 (sc-7899), p53 (sc-126) and
p21 (sc-6246). Anti-HDAC1 (05-100) was obtained
from Millipore (Burlington, MA, United Atates). AntiHSP90 (ADI-SPA-830) was purchased from Enzo
Life Sciences (Farmingdale, NY, United States). Antisurvivin (NB500-201) was obtained from Novus
Biologicals (Cambridge, United Kingdom). Anti-acetylK382-p53 (ab75754) was from Abcam (Cambridge,
United Kingdom), while phospho-S15-p53 (9284) was
purchased from Cell Signaling Technology (Cambridge,
United Kingdom). Western Blots were detected with the
®
Odyssey Infrared Imaging System (Licor) using IRDye
®
680RD- or IRDye 800CW-coupled secondary antibodies.
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low extend (Figure 2). In addition to neuroendocrine
markers, HROC57 expressed several epithelial and
so-called stem-cell markers. We found a very high
expression of CD326 (EpCAM) reflecting an epithelial
origin of the tumor, moderate expression of the cellular
migration and adhesion marker CD44 but almost no
expression of CD166. CD26 and CD29, which have
been described as stem cell and metastasis-promoting
[28,29]
surface receptors
, were highly expressed; CD90 only
marginally.
Further characterization showed a high expression
of the proliferation markers KI-67 and CD71 (Figure 2)
reflecting the high proliferative activity of the tumor.
Regarding HLA molecules which play an important
role in specific immune recognition and tumor cell
defense, expression of HLA class I (ß2M and pan-HLAABC) could be observed, but no expression of HLA class
II (Figure 2). The latter could also not be reversed by
interferon pretreatment (data not shown). HROC57
cells additionally express high levels of CD73, which has
[30]
been described as immune-evasion molecule . Lower
levels were observed for the other immune evasion
molecules CD278 (ICOS), CD275 (B7-H2) and CD152
(CTLA-4) (Figure 2).

Table 1 Immunohistochemically analysis of primary tumor
Immunohistochemistry
Cytokeratin 20

Positive

Pan cytokeratin MNF116

Positive

Synaptophysin

Positive

Chromogranin

Negative

CEA

Negative

Invasion
Migration

125

% Control

100
75
50
25

a

0

HCT 116

HROC57

Figure 1 Migratory potential and invasiveness of HROC 57 cells. Invasion
and migration of the cell line HROC57 in comparison to the reference cell line
HCT116 was analyzed. Cells were subjected to migration assay (Migration,
grey bars) and matrigel invasion assay (Invasion, black bars). Values are
means ± SEM of n = 3. aP < 0.05 vs HCT116.

Molecular characterization

For further characterization, a comprehensive molecular
analysis of the parental tumor and the HROC57 cell line
was performed.
The tumor and the cell line showed a distinct degree
of aneuploidy, moderate CpG island methylation and
absent microsatellite instability. Mutational analysis
revealed a wild-type KRAS status and, of note, a mutant
BRAF status.
For assessment of larger genomic aberrations, single
nucleotide polymorphisms and general gene expression,
microarray analyses were performed. While the
correspondent HROC57 B cell line showed no distinctive
features, the HROC57 tumor cell line showed several
aberrations. The tip of chromosome 8p showed losses,
whereas gains in 7q and 19p were observed. Thus,
HROC57 can be classified as only mildly chromosomal
instable.
For further discrimination of HROC57, we performed
an RNA expression analysis and compared HROC57
with 23 cell lines from colorectal adenocarcinomas
also established in our lab. Within the 20 most over
expressed genes, two neuroendocrine markers could
readily be identified (CHGB and CPLX2). In addition,
three genes involved in tumor immune modulation
could be recognized (TRBC1, CTLA4 and LAT). Contrary
to that, HROC57 did not express NOX1 and OLFM4,
genes known for promoting colorectal adenocarcinoma.

neuroendocrine cytology and distinct neuroendocrine
and epithelial markers stained positive (Table 1).

Establishment of permanent cell lines and PDX model

In vitro and in vivo approaches were combined as
described previously for establishment of a permanent
[19]
[27]
cell line growing 2D
and a subcutaneous PDX .
Outgrowth of cells in culture occurred immediately and
doubling time of the outgrowing cell line was 26.13 h.
Tumor formation in immunodeficient mice could be
observed 37 d after the tumor engraftment. Similar to
previous findings with adenocarcinomas, histological
analysis revealed preserved tumor architecture in the
PDX compared to the original patient tumor architecture
(data not shown).
Analysis of invasion and migration revealed a slight
non-significant difference in the infiltrative activity of the
patient derived HROC57 compared to HCT116, which
served as positive control. In contrast, patient-derived
HROC57 revealed a significantly lower migratory activity
(t-test, P < 0.0001) compared to HCT116 (Figure 1).

Phenotyping

To investigate whether or not HROC57 cells recapitulate a
neuroendocrine phenotype, expression of neuroendocrine
markers was analyzed by flow cytometry. Chromogranin
A, synaptophysin and neuron specific enolase were
highly expressed by HROC57, whereas CD56 (neural cell
adhesion molecule, NCAM) was only expressed to a very
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Morphology and viral contamination

As determined by phase contrast microscopy, cells
adhered tightly to the cell culture flask. The cell line was
growing as monolayers on conventional tissue culture
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Figure 2 Expression of human lymphocyte antigen molecules (ß2Microglobulin, HLA-ABC, HLA-DR/DP/DQ, HLA-A2, epithelial cell markers (CD26, CD29,
CD44, CD166, CD326), neuroendocrine markers (CD56, Chromogranin A, Synapthophysin, NSE, CD90), proliferation markers (Ki67, CD71) and immune
evasion molecules (CD73, CD152, CD275, CD278) were assessed by flow cytometry using a BD FACSARIA II.

100 μm

100 μm

HROC57 P10

HROC57 P22

Figure 3 Light microscopy of HROC57 after direct establishment (P10) and medium-term in vitro culture (P22). Cell lines were established directly from
patients’ tumor material as described in material and methods. Original magnification: × 100.

plastic and showed a stable outgrowth as defined by
passaging > 50 times. HROC57 cells proliferated as
polygonal cell colonies forming small grape-like cell
clusters (Figure 3). Morphology did not change during
long term passage (up to 50 passages). As determined
by semi-quantitative PCR, HROC57 cell line was free of
mycoplasma and several other potential contaminants
(JC/BK and SV40) which have been described for
colorectal cell lines (data not shown)

4) especially if patient plasma drug levels are set for
reference (Table 2). Examination of the sensitivity of
HROC57 cells to further chemotherapeutic drugs showed
their high sensitivity to 5-FU, oxaliplatin, irinotecan, the
histone deacetylase inhibitor (HDACi) suberoylanilide
hydroxamic acid (SAHA), the mTOR inhibitor rapamycin
and the drug combinations Folfox and Folfiri (Table 2).
Again, when patient plasma levels are set for reference,
measured IC50 concentrations were below those plasma
concentrations (Table 2).
HROC57 cells were not completely resistant towards
γ-radiation but even a radiation with 50Gy did not
completely abolish further growth of the cell line (Figure
5). In comparison to several other patient-derived HROC
cell lines established in our lab, they can be ranked as
intermediate radiation sensitive (data not shown).
Remarkably, the sensitivity of HROC57 cells to
chemotherapeutics is independent from the presence
of wild-type p53 (Figure 6), since HROC57 cells (and
p53-negative HCT116 cells used as controls) lack p53
protein expression as analyzed by Western-blot (Figure

Chemo- and radiosensitivity of HROC57 cells

To assess the sensitivity of HROC57 cells to a variety of
current chemotherapeutic drugs, standard proliferation
and cytotoxicity assays were performed. In particular,
sensitivity to etoposide and cisplatin was analyzed as
actual guidelines suggest the combination of etoposide
and cisplatin as first line chemotherapy for advanced
[11]
NEC .
HROC57 showed a high sensitivity towards etoposide
and cisplatin with a distinct increase of sensitivity
after combination of cisplatin and etoposide (Figure

WJG|www.wjgnet.com
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Figure 4 Sensitivity of HROC57 to conventional chemotherapeutics. HROC57was treated for 72 h with etoposide (A), cisplatin (B) and combination of etoposide
and cisplatin (C). Cell viability was measured using the crystal violet assay as described in materials and methods. Values represent the mean absorbance at 570 nm
± SD of n = 4 analyses.

4A). P53-negative tumor cells typically express less
of the p53-activated factor p21 and more of the p53[31]
repressed factor survivin
- as can easily be depicted
in direct comparison to p53-positive HCT116 cells
(Figure 4B). Moreover, HDAC1 and HDAC2 are both
expressed by HROC57 cells; and this correlates with
their sensitivity to SAHA (Table 2).
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DISCUSSION
Currently, only a small number of GEP-NEN cell
lines have been established and most of them are
insufficiently characterized, especially with regard to
the latest WHO classification and its proliferation based
[13]
grading system .
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Figure 5 Radiosensitivity of HROC57. HROC57 was irradiated with 50 Gy using a 137CS-source. Control cells were not irradiated. Cell viability was measured using
the crystal violet assay as described in materials and methods. n = 2 analyses.
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role in clinical oncologic, we analyzed several key
molecules of immune escape. HROC57 cells express high
levels of CD73, which has been described as immuneevasion molecule and overexpression was observed
[30]
in various tumor tissues . CD73 functions as a ratelimiting enzyme in the generation of extracellular
[30]
adenosine
and recent studies could show that
increased adenosine levels result in immune tolerance by
accumulating in the tumor environment and contribute to
a cancer growth promoting environment. Adenosine not
only functions in the tumor microenvironment, but is also
involved in the regulation of proliferation, differentiation
[33]
and apoptosis of cancer cells . Additionally, we could
demonstrate an upregulation of CTLA-4 on HROC57
cells. CTLA-4 is an immunoglobulin superfamily receptor
and was the first immune-checkpoint receptor that was
[34]
clinically targeted using blocking antibodies . PD-1
is another member of this superfamily. This finding
might open new therapeutical opportunities for NET/
NEC. Tumor models like HROC57 could also help to
develop immune checkpoint inhibiting strategies and
subsequently optimize therapeutical applications.
In addition to the neuroendocrine markers, HROC57
cells highly express EpCAM (CD326), thus reflecting a
possible epithelial, rather than neural crest provenance
[35]
[36]
as was thought of these tumors . Khan et al
analyzed EpCAM expression in several neuroendocrine
tumors and found high expression of EpCAM in all
analyzed midgut NET (ileal, pancreatic and gastric) but
[36]
no colonic NET were included in this study . Hence,
this is the first report of high EpCAM expression in a
colon-derived NEC. EpCAM plays an important role in
promoting cell cycling and proliferation by upregulating
[37]
c-myc and cyclins . Therefore, EpCAM directed therapy
[38]
might be an additional option in this tumor entity .
Moreover, expression of EpCAM in NET/NEC opens up
opportunities to be further developed as biomarker and
relapse prediction by screening for circulating tumor
[39]
cells .
Molecular analysis of HROC57 revealed mild
chromosomal instability with several chromosomal gains

-
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Figure 6 Expression of p53 and some of its targets in HROC57 cells.
Western Blot analysis of untreated HROC57 cells compared to HCT116
(p53 wildtype) and HCT116 p53-/- was performed. Acetylation (K382) and
phosphorylation (S15) of p53 (A) and expression of its targets p21, survivin and
HDAC 1 and 2 (B) were assessed using specific antibodies. HSP90 served as
loading control. Numbers indicate densitometric analysis of respective signals
normalized to loading control and relative to HCT116 cells.

Here, we report on the first characterization of
a poorly differentiated large cell NEC that could be
established directly from a primary tumor in the
ascending colon. HROC57 cells showed a typical
neuroendocrine cytology and a profile of neuro-endocrine
markers that are commonly used for diagnosis of
neuroendocrine tumors. Notably, flow cytometry revealed
high expression of chromogranin A, synaptophysin and
neuron specific enolase, which are common markers of
neuroendocrine tumors. Only CD56 was expressed to a
very low extend. Reflecting the high proliferative activity
of the tumor cells, the proliferation markers Ki-67 and
CD71 were highly expressed. Gene expression analysis
unveiled the upregulation of CPLX2, which was recently
identified as a new prognostic biomarker in human lung
[32]
high grade neuroendocrine tumors and thus might be
worth being tested as a prognostic biomarker in GEP-NET
as well.
As therapeutical interference with tumor immune
escape mechanisms plays a more and more important
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showed interestingly a likewise high sensitivity to 5-FU,
SAHA, oxaliplatin, irinotecan, rapamycin and the drug
combinations Folfox and Folfiri. This finding is in contrast
[13]
to Krieg et al
who reported a high chemoresistance
of their colonic NEC-cell line. A detailed analysis of these
differences in chemosensitivity is recommended in the
near future in order to identify similarities and disparities
between primary and metastatic NEC cells.
At last, analysis of radiosensitivity revealed that
HROC57 cells were relatively resistant towards γ-radiation
but even a radiation with 50 Gy did not completely
abolish further growth of the cell line. This observation
is well in line with actual treatment algorithms of NEC
[11]
which no longer recommend radiotherapy .
Our data emphasize the use of the HROC57 models
for further basic and preclinical research to gain insight
into the tumor biology of large cell neuroendocrine
carcinoma, to develop and to optimize therapy regimens
or to identify novel biomarkers. Albeit not emphasized in
this manuscript, a non-tumorous B cell line of HROC57
is available beside the tumor models. Thus, comparative
analyses of NET cells and matching normal cells are
easily possible.

Table 2 Measured IC50 values and selected human plasma
reference levels of analyzed chemotherapeutic agents
Drug

IC50

Plasma reference

5-FU

10.53 μg/mL

50 μg/mL[44]

SAHA

0.249 μg/mL

Oxaliplatin
Folfox
Irinotecan
Folfiri
Rapamycin

701 ηg/mL

2 μg/mL[45]

5.48 μg/mL + 137.1 ηg/mL
0.745 μg/mL

1 μg/mL[46]

1 μg/mL + 0.674 μg/mL
4.8 μg/mL

5-100 mg/L[47]

References for human plasma levels are set in brackets. SAHA:
Suberoylanilide hydroxamic acid.

and losses. In particular, gains in 7q und 19p and a
prominent loss in the tip of 8q were found. Little is known
of the prevalence of these events in colonic NEC. Krieg
[13]
et al also described gains in 7q but not in 19p in their
lymph node metastasis-derived NEC cell line NEC-DUE2,
while gains in 19p are reported up to 50% in small
[40]
intestine NEN . Interestingly, we could not observe
the reported deletions of 18q that are characteristic
[41]
of midgut NEN . Mutational analysis revealed wildtype KRAS but a mutant BRAF status. Karkouche and
coworkers analyzed these mutations in a consecutive
[42]
series of 12 colonic NECs . They demonstrated a
KRAS/BRAF mutation in six out of twelve tumors. They
concluded that these KRAS/BRAF mutations might
indicate that colorectal NEC may correspond to a high[42]
grade transformation of colorectal carcinoma .
Generally, gastrointestinal NEC shows an aggressive
and chemoresistant phenotype that often results
[11]
in a rapid progressive course of disease . A basic
requirement for determining initial drug sensitivity
and for predicting response is the maintenance of the
[14]
original tumors’ signature . With this principal condition
fulfilled by the freshly established HROC57 cell line, the
sensitivity towards a large panel of chemotherapeutic
drugs was tested. Etoposide and cisplatin were included
as actual guidelines suggest this combination as first
[11]
line chemotherapy for advanced NEC . Of note,
HROC57 cells showed high sensitivity towards etoposide
and cisplatin alone and even a distinct increase in
sensitivity when both drugs were combined. While
this sensitivity does not require the expression and
activity of wild-type p53, the poor radiation sensitivity
[43]
may be attributable to the lack of wild-type p53 . We
should though mention that the ex vivo sensitivity of
HROC57 cells does not recapitulate the clinical course
of the patient who died within one year after diagnosis
and operation due to rapid progressive disease. This
discrepancy can best be explained by the fact that this
potentially beneficial chemotherapeutic regimen was
only applied in a situation with vast tumor recurrence,
diffuse peritoneal and lung metastases and could not
prevent the death of the patient one month later.
Examination of further chemotherapeutic drugs

WJG|www.wjgnet.com

ARTICLE HIGHLIGHTS
Research background

Only a few gastrointestinal neuroendocrine tumor lines have been published
in the last decades. A major problem is the very heterogeneous pathological
terminology when trying to classify these cell lines according to the lately
revised WHO classification with regard to their original tumors. Particularly,
reports of poorly differentiated neuroendocrine carcinoma (NEC) are very
scarce mainly due to their low incidence.

Research motivation

Gaining insights in the biology of large cell NEC is essential for the identification
of potentially therapeutic molecular targets of this highly malignant neoplasia.
Individual tumor models deliver exceptional tools for further research of these
objectives. However, well characterized and low passage NEC models are still
rare.

Research objectives

Main objective of the study was the establishing and profound characterization
of an patient derived ultra-low passage NEC cell line and corresponding
patient-derived xenograft (PDX) model that allows drug response testing and
prediction.

Research methods

Cell line establishment could be realized from direct in vitro culturing of colonic
NEC tissue. In addition, a PDX model could be established from frozen
tumor samples. Profound analysis of morphological features, invasive and
migratory behavior as well as expression of neuroendocrine markers was done.
Detailed phenotypic analysis was performed by microscopy and multicolor
flow cytometry. Chromosomal aberrations were mapped by array comparative
genomic hybridization and DNA profiling was analyzed by DNA fingerprinting.
At last drug responsiveness was evaluated and the sensitivity against
chemotherapeutic agents assessed.

Research results

The cell line displayed characteristic morphological and molecular features of
large cell NEC with KI-67 > 50%. In vitro and in vivo experiments demonstrated
that the cell line retained their malignant properties. Molecular-pathological
analysis revealed a CpG island promoter methylation positive cell line with
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microsatellite instability being absent. The KRAS gene was not mutated
whereas a BRAF V600E mutation was detected. A high sensitivity to such
drugs as etoposide, cisplatin and 5-FU could be observed with a more resistant
phenotype to rapamycin.

12

13

Research conclusions

Taken together, this study describes the development and basic characterization
of powerful matched in vitro and in vivo patient-derived models not only to
perform basic research to better understand the biology of NECs, but also to
establish novel therapeutic options.
14

Research perspectives

This descriptive study exemplifies the methodology and characterization of a
large cell NEC cell line directly from original patients’ tumor material. This will
help to improve the ability for personalizing tumor therapy in the near future.

15
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Abstract
AIM
To explore the correlation of metabolomics profiles of
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gastric cancer (GC) with its chromosomal instability
(CIN) status.

Tsai CK, Yeh TS, Wu RC, Lai YC, Chiang MH, Lu KY, Hung
CY, Ho HY, Cheng ML, Lin G. Metabolomic alterations
and chromosomal instability status in gastric cancer. World J
Gastroenterol 2018; 24(33): 3760-3769 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i33/3760.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i33.3760

METHODS
Nineteen GC patients were classified as CIN and nonCIN type by The Cancer Genome Atlas Research
Group system, based on 409 oncogenes and tumor
suppressor genes sequenced. The aqueous metabolites
of the GC tumor and its surrounding adjacent healthy
tissues were identified through liquid chromatographymass spectrometry. Groups were compared by defining
variable importance in projection score of > 1.2, a fold
change value or its reciprocal of > 1.2, and a P value of
< 0.05 as a significant difference.

INTRODUCTION
Gastric cancer (GC) is one of the most common
[1,2]
malignancies worldwide , with the highest incidence
[3]
rates in Asia . Most patients with GC are diagnosed in
the advanced stage and thus have poor prognosis and
[4]
limited treatment options . GC can be histologically
classiﬁed using the Lauren classification system,
developed in 1965, which divides GC into diffuse
[5]
and intestinal subtypes . Although this classification
system can suggest surgical choices, it cannot provide
precise information of treatments suitable for individual
[6]
patients . In addition to histological subtypes, the
clinicopathological characteristics of GC vary from case to
case, making it difficult to identify detailed subtypes and
[7]
to choose a subtype-optimized therapeutic approach .
The Cancer Genome Atlas (TCGA) Research Group
has developed molecular classification systems based
[8]
on gene expression profiling . The TCGA network has
provided sequencing- and array-based approaches to
investigate exome sequences, copy-number alterations,
gene expression, DNA methylation, and protein
[7,9]
activities in GC
and classified GC into four subtypes:
Epstein Barr Virus positive, microsatellite unstable,
chromosomal instability (CIN), and genomically
[8]
stable (GS) . The GS and CIN subtypes are the
most common and are distinguished by low-vs-high
somatic copy-number variation. In general, GS tumors
are of the Lauren diffuse subtype; they are typically
diagnosed at a young age, and thus have insufficient
[10]
time to accumulate mutations . By definition, CIN
tumors have a high degree of somatic copy-number
variation, and they account for nearly half of all GCs,
making them the predominant cancer subtype in the
[11]
gastroesophageal junction or cardia . CIN GCs are
the most common Lauren intestinal subtype; however,
molecularly and histologically, CIN GCs comprise a
highly heterogeneous group of tumors. In addition, an
[12]
easy-to-use biomarker for CIN is still not available .
Metabolomics may offer practical solutions to the
[13]
traditional methods for GC detection and treatment .
Metabolites are not merely the end product of gene
expression; they are the result of the interaction of the
system’s genome with its environment. They are an
[9]
integral part of any cellular regulatory system . Liquid
chromatography-mass spectrometry (LC-MS) is the
most common method of analysis. Several biomarkers
have been proposed for GC diagnosis, prognosis, and
[14-16]
surveillance
. Systematic reviews have demonstrated

RESULTS
In total, twelve men and seven women were
enrolled, with a median age of 66 years (range,
47-87 years). The numbers of gene alterations in the
CIN GC group were significantly higher than those
in the non-CIN GC (32-218 vs 2-17; P < 0.0005).
Compared with the adjacent healthy tissues, GC
tumors demonstrated significantly higher aspartic
acid, citicoline, glutamic acid, oxidized glutathione,
succinyladenosine, and uridine diphosphate-Nacetylglucosamine levels, but significantly lower
butyrylcarnitine, glutathione hydroxyhexanoycarnitine,
inosinic acid, isovalerylcarnitine, and threonine levels
(all P < 0.05). CIN tumors contained significantly
higher phosphocholine and uridine 5’-monophosphate
levels but significantly lower beta-citryl-L-glutamic
acid levels than did non-CIN tumors (all P < 0.05).
CIN GC tumors demonstrated additional altered
pathways involving alanine, aspartate, and glutamate
metabolism, glyoxylate and dicarboxylate metabolism,
histidine metabolism, and phenylalanine, tyrosine, and
tryptophan biosynthesis.
CONCLUSION
Metabolomic profiles of GC tumors and the adjacent
healthy tissue are distinct, and the CIN status is
associated with downstream metabolic alterations in GC.
Key words: Gastric cancer; Metabolomics; Oncogene;
Copy-number; Chromosomal instability; Liquid chro
matography-mass spectrometry
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We studied the correlation of the compre
hensive metabolomic profiles of gastric cancer with its
chromosomal instability (CIN) status. In this disease
landscape study with no pre-specified hypothesis, we
combined a gene molecule classification method with a
metabolomics method to discover metabolic information
for accurate tumor classification. CIN status-based
metabolomic profiling has demonstrated translational
potential in biomarker discovery and novel therapeutics
development.
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variation in the relative abundance of the metabolites
of glycolysis, lactic acid fermentation, de novo lipid, and
amino acid synthesis in biological samples of patients
[13,17,18]
with GC compared with controls
. Glutamine is
the most consistent biomarker, showing upregulation
in the serum, urine, and tumor tissues of patients with
[18]
GC . Thus far, numerous biomarkers discovered from
metabolomic studies may play a noteworthy role in GC
with regard to early-stage detection, diagnosis, prognosis,
[13]
drug development, and chemosensitivity predictions ,
but the evidence of metabolomics’ association with CIN
status remains lacking.
We hypothesize that metabolic alternations
reflect the CIN or GS status of GC and aim to study
the comprehensive metabolomic profiles of GC and
correlate them to CIN status.

We classified patients with GC by tumor using the
high and low proportion of the altered genes. The 409
oncogene and tumor suppressor genes in the GC tumor
tissue were sequenced (Supplementary Table 1).

Hydrophilic metabolite extraction

MATERIALS AND METHODS

Global analysis of hydrophilic metabolites by LC-TOF-MS

Patients and histopathology

Liquid chromatographic separation was achieved on
2
a 100 × 2.1 mm Acquity 1.7 μm C8 column (Waters,
Milford, MA, United States) using an ACQUITY Ultra
Performance Liquid Chromatography system (Waters,
Milford, MA, United States). The column was maintained
at 45 ℃ and at a flow rate of 0.5 mL/min. Samples
were eluted from the liquid chromatography column
using a linear gradient of: 0-2 min: 1%-80% B; 2-6.5
min: 80%-99% B; 6.5-8.0 min: 99% B; 8.1-10 min:
1% B for re-equilibration. Solvent A was water and
solvent B was acetonitrile, and both contained 0.1%
formic acid. The lyophilized sample was diluted with
200 μL of water/acetonitrile (95:5, v/v). Each sample
was analyzed six times. MS was performed on Waters
Q TOF-MS (SYNAPT HDMS; Waters MS Technologies,
United Kingdom) operated in electrospray ionization
(ESI)-positive ion mode. The desolvation gas was set
to 700 L/h at 300 ℃, the cone gas at 25 L/h, and the
source temperature at 80 ℃. The capillary and cone
voltages were set to 3000 and 35 V, respectively. The
micro-channel plate detector voltage was set to 1700 V.
All analyses were acquired using a lock spray to ensure
accuracy and reproducibility; sulfadimethoxine was
used as the lock mass.

This was a disease landscape study with no pre-specified
hypothesis. The institutional review board approved the
protocol of this prospective study (IRB103-7448B), and
informed consents were obtained in a tertiary referral
center with a dedicated GC interdisciplinary team to
screen patient enrollment. From May 2015 to April
2017, we screened a consecutive cohort of patients
with GC. The inclusion criteria were (1) histologically
confirmed adenocarcinoma of the stomach, (2) surgical
resection of primary GC, (3) age of 20-80 years, and
complete pathological, surgical, treatment, and followup data. Exclusion criteria were (1) patients received
neoadjuvant chemotherapy or chemoradiation therapy,
(2) tumor size < 1 cm on computed tomography (CT),
(3) prior gastric surgery, (4) anti-Helicobacter pylori
eradication therapy, and (5) taking nonsteroidal antiinflammatory drugs within 1 wk prior to surgery. A
gastrointestinal pathologist (RCW) reviewed hema
toxylin and eosin stain slides to select cases with
estimated carcinoma. We used primary GC tissues for
the genomic analysis and reevaluated the pathological
diagnosis, histological Lauren subtype, invasion depth,
and lymphovascular invasion in all tumors.

Genomics

Metabolite identification

Patient samples were classified as CIN or non-CIN type
by the TCGA system. Genomic DNA was extracted from
formalin-fixed paraffin-embedded (FFPE) tumor samples
using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany), and quantified using the Quant-iT dsDNA
HS Assay (Invitrogen, Waltham, MA, United States).
Genomic DNA (80 ng) was amplified using four pools
of 15992 primer pairs (Ion AmpliSeq Comprehensive
Cancer Panel, Life Technologies, Carlsbad, CA, United
States) to target the coding exon regions of 409 cancerrelated genes, which covered TP53/cell cycle, JAK/STAT,
Ras/PI3K, Wnt, receptor tyrosine kinase, chromatin
remodeling, DNA repair, TGF, and cadherin signaling.

WJG|www.wjgnet.com

[19]

Here, a modified Folch’s method was employed . In
brief, 50 mg of homogenized tissue was transferred to
a glass tube, to which 6 mL of chloroform/methanol
(2:1, v/v) solution and 1.5 mL of water were added.
The sample was vortexed four times for 30 s each and
subsequently centrifuged at 700 × g for 30 min at 4 ℃.
The upper phase (the hydrophilic phase and water
soluble phase) and lower phase (the hydrophobic phase
and lipid layer) were transferred to new glass tubes
and then dried using nitrogen gas. The dried samples
were stored at -80 ℃. Prior to analysis, the sample was
dissolved in 200 μL of 40% methanol.

We analyzed the aqueous metabolites of the GC
tumor and its surrounding adjacent healthy tissues
through ESI+/− LC-MS by applying an untargeted
metabolic approach to screen all potential metabolomic
[20]
biomarkers . Identified metabolites demonstrating
notable differences between the control and test groups
were searched against the METLIN database and the
Human Metabolome Database (HMDB) by the m/z of
their features. Potential metabolites were confirmed by
local database according to the m/z and retention time
under identical chromatographic conditions. MS and MS/
MS analyses were performed under identical conditions.
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Metabolic alterations of GC tumors vs adjacent healthy
tissues

Table 1 Clinical characteristics of the study
Term

TCGA system
CIN

Number
Age (median yr, range)
Sex (male/female)
Size (cm)
Stage

non-CIN

9
10
68.1 (56-79) 64.7 (47-87)
7/2
5/5
4.0 (1.8-6.9) 5.4 (2.3-11.6)
1
2
5
1

Ⅰ
Ⅱ
Ⅲ
Ⅳ

The PLS-DA results of metabolite concentration dis
tribution in the GC tumors and their surrounding
healthy tissues are illustrated in Figure 1A and
B. Compared with adjacent healthy tissue, GC
tumors demonstrated significantly higher levels of
butyrylcarnitine, hydroxyhexanoycarnitine, inosinic
acid, isovalerylcarnitine, and threonine, but significantly
lower levels of aspartic acid, citicoline, glutamic acid,
glutamine, isoleucine, oxidized glutathione, proline,
succinyladenosine, and xanthine (all P < 0.05; Table 2).

P value
(CIN vs non-CIN)
0.485
0.233
0.297

0
1
8
1

TCGA: The Cancer Genome Atlas; CIN: Chromosomal instability.

Metabolomic profiling of CIN vs non-CIN GC tumors

Among the 409 genes, GC patients exhibited had the
highest proportion (53%) of mutations in TP53, followed
by JAK2, PSIP1, and PTPRO (47%; Table 3). In the
TCGA classification, the proportion of TP53 mutations in
the CIN-type population was 1.6-fold higher than that
in the non-CIN type population. In the CIN GC group,
all patients had alterations in JAK2, PSIP1, and PTPRD
(Table 3).
The numbers of gene alterations in the CIN GC
group were significantly higher than those in the nonCIN GC (32-218 vs 2-17; P < 0.0005). CIN GC tumors
contained significantly higher levels of phosphocholine
and uridine 5′-monophosphate (P < 0.05) and a
significantly lower level of beta-citryl-L-glutamic acid (P
< 0.05) than non-CIN GC tumors (Table 4). Compared
with adjacent healthy tissues, 12 and six metabolites
in CIN and non-CIN GC were significantly different,
respectively (Table 5). CIN and non-CIN tumors
demonstrated changes in glutamic acid, oxidized
glutathione, and succinyladenosine levels, indicating
alterations in aminoacyl-tRNA biosynthesis, arginine
and proline metabolism, glutamine and glutamate
metabolism, and glutathione metabolism. The
metabolite distributions in GC tumors between CIN and
non-CIN GC could be clearly distinguished (Figure 1C
and D). CIN GC tumors demonstrated additional altered
pathways involving alanine, aspartate, and glutamate
metabolism, glyoxylate and dicarboxylate metabolism,
histidine metabolism, and phenylalanine, tyrosine, and
tryptophan biosynthesis.

MS/MS spectra were collected at 10 spectra/s, with
a medium isolation window of approximately 4 m/z.
The collision energy was set from 5 to 35 V. Several
metabolites for the MS/MS analysis were confirmed
through chemical standards under chromatographic
conditions identical to those of the profiling experiment.

Data processing and statistical analysis

All MS data, namely retention times, m/z, and ion
intensities, were extracted using MarkerLynx XS
software (Waters, Milford, MA, United States) and
inserted into a matrix. Metabolites were searched
against the HMDB (http://www.hmdb.ca) or confirmed
by in-house data (standards based on both retention
times and MS spectra). The data were then analyzed
through principal component analysis and partial
least squares discriminate analysis (PLS-DA) using
Markerlyn XS (Waters, Milford, MA, United States) and
Metaboanalyst 3 (http://www.metaboanalyst.ca).
The variable importance in the projection (VIP)
value of each variable in the model was calculated to
indicate its contribution to the classification. A higher
VIP value represented a stronger contribution to
discrimination among the groups. VIP values > 1.2
were considered significant. The results are expressed
as the mean ± standard deviation for continuous
variables and as the number (percent) for categorical
variables. Data were compared by 2-sample or paired
Student’s t test, analysis of variance, or chi-square test,
when appropriate. A P value of < 0.05 was considered
significant (Supplementary Tables 2 and 3).

Metabolic transformation of CIN GC tumors vs adjacent
healthy tissues

RESULTS

The CIN tumors had 31 genetic alterations (alteration
frequency > 56%). JAK2, PSIP1, and PTPRD changed
the gene copy-number in all patients with CIN GC.
CDH20, CDKN2A, DCC, and MALT1 demonstrated gene
mutations and were changed in copy-number in 78%
of patients. TP53, AFF1, CDH1, CDH11, CDH2, CDH5,
CDKN2B, MBD1, MMP2, and SMAD2 were altered in
67% of the patients. ITGB2, ZNF521, ATM, BCL2,
CYLD, ERG, FANCA, IL2, MAF, MTOR, PBRM1, RUNX1,
TCF12, and TLR4 were additionally altered in 56% of

Patient demographics

In total, 19 patients with GC enrolled in this study
(median age, 66 years; range, 47-87 years) were
divided into CIN and non-CIN types by using a 5%
frequency of genetic variation as a demarcation
point. We prospectively enrolled these 19 patients
in a continuous cohort. No noteworthy difference in
demographics was observed between the two groups
(Table 1).
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Figure 1 Metabolite-concentration distribution of gastric cancer tumor and its surrounding healthy tissue using the partial least squares discriminate
analysis statistical method. A and B: Tumor (green, n = 19) vs healthy tissue (red, n = 19); C: and D: Tumor between chromosomal instability (CIN) type (red, n =
9) and non-CIN type (green, n = 10); E and F: Tumor (green, n = 9) and healthy tissue (red, n = 9) in the CIN type; G and H: Tumor (green, n = 10) and healthy tissue
(red, n = 10) in the non-CIN type. A/C/E/G and B/D/F/H defined metabolites from ESI- and ESI+ LC-MS. Arrows indicate the variation in the two groups of metabolite
distribution. The straight line indicates the difference of metabolite distribution between two patient types. Within the ellipse was the 95% confidence region. CIN:
Chromosomal instability; ESI: Electrospray ionization; LC-MS: Liquid chromatography-mass spectrometry.

glutamine and glutamate metabolism, alanine, as
partate, and glutamate metabolism, glutathione
metabolism, arginine and proline metabolism, histidine
metabolism, glyoxylate and dicarboxylate metabolism,
and phenylalanine, tyrosine, and tryptophan
biosynthesis; P < 0.05).

the patients (Table 3).
The metabolite distributions in tumor and healthy
tissue could be clearly distinguished in CIN GC (Figure
1E and F). In the GC tumors, the levels of aspartic
acid, citicoline, glutamic acid, oxidized glutathione,
succinyladenosine, and uridine diphosphate-Nacetylglucosamine significantly increased, whereas those
of butyrylcarnitine, glutathione hydroxyhexanoycarnitine,
inosinic acid, isovalerylcarnitine, and threonine
significantly decreased (P < 0.05) compared with the
adjacent healthy tissues (Table 5).
These metabolic alterations indicated alterations
in eight pathways (aminoacyl-tRNA biosynthesis,
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Metabolic transformation of non-CIN GC tumors vs
adjacent healthy tissues

The non-CIN tumors demonstrated most alterations in
TP53 and SYNE1 (40%), followed by ARID1A (30%).
ITGB2, KMT2C, LRP1B, AKAP9, SAMD9, SMARCA4,
TNK2, RNF213, EPHB6, and ERBB3 were altered in
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Table 2 Altered metabolites with statistical significance between gastric cancer tumor tissue and its adjacent healthy tissue
Metabolites
Increased

VIP score (VIP > 1.2)

Fold change (tumor/healthy > 1.2 or < 0.8)

P value (P < 0.05)

1.204
2.021
1.218
1.424
1.316
1.534
1.973
1.356
1.221
1.323
1.591
1.231
1.855
1.966

1.498
2.342
1.720
2.265
1.911
0.544
0.371
0.536
0.518
0.593
0.54
0.574
0.293
0.443

0.002
0.002
0.042
0.006
0.019
0.004
0.005
0.001
0.005
0.015
0.008
0.001
0.001
0.002

Butyrylcarnitine
Hydroxyhexanoycarnitine
Inosinic acid
Isovalerylcarnitine
Threonine
Aspartic acid
Citicoline
Glutamic acid
Glutamine
Isoleucine
Oxidized glutathione
Proline
Succinyladenosine
Xanthine

Decreased

VIP: Variable importance in the projection.

Table 3 Altered genes in patients with gastric cancer
Patients (%)
All

53
47
37
32
26

CIN tumor

Non-CIN tumor

< 21
100
78
67
56
44
33
< 22
> 50
40
30
20
10
0

Alteration gene
TP53
JAK2, PSIP1, PTPRO
ARID1A, CDH20, CDKN2A, DCC,ITGB2, MALT1, SYNE1, KMT2C
AFF1, CDH1, CDH11, CDH2, CDH5, CDKN2B, LRP1B, MBD1, MMP2, SMAD2, SMAD4, ZNF521
AKAP9, APC, ATM, BCL2, CYLD, EP400, ERG, FANCA, FN1, IL2, LTF, MAF, MTOR, PBRM1, RUNX1, SAMD9,
SMARCA4, TAF1L, TCF12, TLR4, TNK2
364 genes
JAK2, PSIP1, PTPRD
CDH20, CDKN2A, DCC, MALT1
TP53, AFF1, CDH1, CDH11, CDH2, CDH5, CDKN2B, MBD1, MMP2, SMAD2
ITGB2, ZNF521, ATM, BCL2, CYLD, ERG, FANCA, IL2, MAF, MTOR, PBRM1, RUNX1, TCF12, TLR4
43 genes
70 genes
265 genes
None
TP53, SYNE1
ARID1A
ITGB2, KMT2C, LRP1B, AKAP9, SAMD9, SMARCA4, TNK2, RNF213, EPHB6, ERBB3
50 genes
346 genes

GC: Gastric cancer; CIN: Chromosomal instability.

Table 4 Altered metabolites with statistical significance between tumor and non-cancerous tissue
Metabolites
Tumor tissue

Non-cancerous tissue

Beta-citryl-L-glutamic acid
Phosphocholine
Uridine 5'-monophosphate
NAD

VIP score (VIP > 1.2) Fold change (CIN/non-CIN > 1.2 or < 0.8) P value (P < 0.05)
1.859
1.998
1.677
1.649

0.567
2.093
1.632
0.607

0.040
0.017
0.032
0.027

VIP: Variable importance in the projection; CIN: Chromosomal instability; NAD: Nicotinamide adenine dinucleotide.

20% of the non-CIN tumors. The other 346 genes
demonstrated no alterations (Table 3). The metabolite
distributions in tumor and healthy tissue in the nonCIN GC could be clearly distinguished (Figure 1G and
H). In the non-CIN tumors, the level of glutamic acid,
oxidized glutathione, proline, succinyladenosine, and
xanthine significantly increased (P < 0.05), whereas
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those of nicotinamide adenine dinucleotide (NAD)
significantly decreased (P = 0.047), compared with the
adjacent healthy tissues. The six metabolites and 13
genes were associated with four pathways in the nonCIN GC tumors: glutathione metabolism, aminoacyltRNA biosynthesis, arginine and proline metabolism,
and glutamine and glutamate metabolism.
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Table 5 Altered metabolites with statistical significance between chromosomal instability and non-chromosomal instability types
Metabolites
CIN tumor

Increased

Decreased

non-CIN tumor

Increased

Decreased

VIP score (VIP > 1.2)

Aspartic acid
Citicoline
Glutamic acid
Oxidized glutathione
Succinyladenosine
Uridine diphosphate-N-acetylglucosamine
Butyrylcarnitine
Glutathione
Hydroxyhexanoycarnitine
Inosinic acid
Isovalerylcarnitine
Threonine
Glutamic acid
Oxidized glutathione
Proline
Succinyladenosine
Xanthine
NAD

Fold change (tumor/
P value (P < 0.05)
healthy > 1.2 or < 0.8)

1.309
1.751
1.219
1.642
1.671
1.264
1.218
1.214
1.883
1.572
1.657
1.714
1.424
1.678
1.542
1.929
2.360
1.584

2.029
2.886
2.101
2.249
3.434
2.006
0.590
0.582
0.397
0.506
0.346
0.394
1.688
1.676
1.569
3.207
2.085
0.599

0.043
0.033
0.011
0.018
0.011
0.036
0.014
0.042
0.013
0.008
0.004
0.006
0.031
0.019
0.003
0.031
0.007
0.047

VIP: Variable importance in the projection; CIN: Chromosomal instability; NAD: Nicotinamide adenine dinucleotide.

NAD in the healthy tissue was 0.607 times that in the
non-CIN type.

Overview of pathway analysis
(MetaboAnalyst 3.0)
http://www.metaboanalyst.ca/
Purine metabolism

Glutathione metabolism

Nonspecific metabolic patterns based on the Lauren
classifications

6

In the study, 87.5% of the Lauren intestinal-type tumors
belonged to the CIN GC group, whereas all of the
Lauren diffuse-type tumors belonged to the non-CIN GC
group. The Lauren mixed-type tumors belonged to both
CIN (50%) and non-CIN type (50%) (Supplementary
Table 4). The intestinal-type tumors demonstrated a
high alteration rate of 92.2% (377 genes), particularly
those with copy-number changes, whereas the diffusetype tumors indicated a low alteration rate of 8.56%
(35 genes). Therefore, the metabolite distribution of
tumors could not be distinguished based on the Lauren
classification system.

Alanine, aspartate and glutamate metabolism

5
-log(P )

(P values from pathway enrichment analysis)

7

Cysteine and methionine metabolism

4
3

Cyanoamino acid metabolism

Ascorbate and aldarate metabolism

2

Pyrimidine metabolism
Aminoacyl-tRNA biosynthesis

1
0.00

Amino sugar and nucleotide sugar metabolism
0.05
0.10
0.15
0.20
0.25

DISCUSSION

Pathway impact
(Pathway impact values from pathway topology analysis)

In the present study, we used the TCGA molecular
classification method rather than using the traditional
Lauren histological classification. In line with our study,
CIN tumors were 80% intestinal type, 12% diffuse
[21]
type, and 7% mixed type in a TCGA report . The
CIN phenotype can be induced by dysfunctions of
different cellular processes, which can be categorized
into (1) inaccurate chromosome segregation during
mitosis, (2) cell-cycle checkpoint defects, (3) oncogene[12]
induced mitotic stress, and (4) replication stress .
Accelerated loss of heterozygosity in tumor suppressor
genes or accelerated gain of oncogene copies due to
chromosomal duplication results from CIN, which leads
[22]
to cancer . To our knowledge, the present study is the
first report combining the CIN status of gastric cancer
with the metabolomics data. According to our data,

Figure 2 Pathways in chromosomal instability (CIN) and nonchromosomal instability gastric cancer. Pathways involving glutathione
metabolism, aminoacyl-tRNA biosynthesis, arginine and proline metabolism,
and glutamine and glutamate metabolism were found in CIN and non-CIN types.
Pathways involving alanine, aspartate, and glutamate metabolism, glyoxylate
and dicarboxylate metabolism, histidine metabolism, and phenylalanine,
tyrosine, and tryptophan biosynthesis were observed in the CIN type but not the
non-CIN type. CIN: Chromosomal instability.

Metabolomic profiling of healthy tissues: CIN vs nonCIN type

The metabolite distributions in healthy tissue between
the CIN and non-CIN type tumors could be clearly
distinguished, and the decreased NAD level was
significantly different (P = 0.027). The concentration of
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Gastric cancer tissue pathway maps

Up-regulated
Down-regulated

Purine metabolism
Adenosine, Gln, Glu,
Gly, inosine, Xanthine
Adenine, ADP
Glyoxylate

Methane
metabolism
Gly
Robosylamine

L-Cys
Taurine, hypotarine
metabolism
Taurine

L-Cys

Cyanoamino
acid metabolism
Alanine, Gly

Aminoacyl-tRNA
biosynthsis
Gln, Glu, Gly, Phe, Pro, Tyr
His, Thr

Val, Leu, Ile
degradation
Threonine

Alanine, aspartate, and
glutamate metabolism
Aspatate, Glu, Gln,
Succinate

Oxaloacetate

Acetyl-CoA
Alanine, aspartate and
glutamate metabolism
Aspartate,Gln, Glu,
Succinate

2-Oxoglutarate
TCA cycle
Succinic acid

Glyoxylate,
dicarboxylate
metabolism
Succinic acid
Tyrasine
metabolism
Succinic acid,
Turosine

Glutathione
metabolism
Gly, Glu
Glutathione

Nitrogen metabolism
L-Gln, L-Glu, Gly, phenylalanine,
taurine, tyrosine
Histidine

2-Oxoglutarate

Oxaloacetate
Succinate

Tyrosine

Phenylalanine
metabolism
Pherylalanine,
Succinate, Tyrosine

Glntamine and glutamaic
acid metabolism
Gln, Glu

Figure 3 Metabolites in the chromosomal instability type and the non-chromosomal instability type. Upregulated (red) or down-regulated (blue) metabolites of
pathways (black) involved in CIN and non-CIN types. CIN: Chromosomal instability.

we revealed the metabolomic profiling of GC directly
correlated with the genetic CIN status, but not with the
traditional Lauren’s classification. We demonstrated that
the CIN was associated with downstream biochemical
alterations.
Genetic alterations continue to accumulate over
time, resulting in serious disruptive changes in cell
biochemical metabolism and finally leading to GC
tumor formation. Through mRNA expression analysis,
[14]
Carvalho et al
discovered that upregulated gene
sets associated with CIN were also associated with GC
compared with benign adenomas. Disruption of specific
biological processes, such as CIN maintenance and
altered metabolism, is the key factor in the progression
from adenoma to carcinoma. In the present study,
CIN GC tumors contained significantly higher levels of
phosphocholine and uridine 5′-monophosphate and
significantly lower levels of beta-citryl-L-glutamic acid
compared with the non-CIN GC tumors. Eight metabolic
pathways were involved in GC tumor formation.
Pathways involving glutathione metabolism, aminoacyltRNA biosynthesis, arginine and proline metabolism,
as well as glutamine and glutamate metabolism, were
found in both CIN and non-CIN types (Figure 2), and
those involving alanine, aspartate and glutamate
metabolism, glyoxylate and dicarboxylate metabolism,
histidine metabolism, and phenylalanine, tyrosine,
and tryptophan biosynthesis were observed in the CIN
type alone. NAD could be a predictor for GC tissue

WJG|www.wjgnet.com

development in both CIN and non-CIN GC. Through gas
[15]
chromatography-MS analysis, Song et al
revealed
that the levels of several intermediate products of
aerobic glycolytic pathways, such as fumaric and alphaketoglutaric acid, significantly increased in cancer
tissues compared with healthy mucosa, suggesting
that altered glucose metabolism is a vital parameter
in distinguishing GC cells from healthy cells. Similarly,
abnormal glucose metabolism has been observed
[16,23-25]
by other researchers in GC tissue
. Signaling
pathways are involved in glycolysis pathways with
changes in hypoxia-inducible factor, insulin signaling
[26]
pathway, and PI3K-Akt-mTOR levels .
A critical clinical implication of our GC metabolomics
[27]
study is biomarker discovery. Sohn et al demonstrated
that patients with CIN GC had better overall survival
than those with non-CIN GC. Metabolomics might offer
an alternative way for stratification that could help
to select more appropriate adjuvant chemotherapy.
[28]
Shaukat et al
also demonstrated that CIN induction
sensitizes GC to metabolic stress. Mild metabolic
disruption that does not affect healthy cells can lead to
high levels of oxidative stress and subsequent cell death
in CIN GC cells because they are already managing
elevated stress levels. Our data illustrated novel
therapeutic possibilities regarding GC, as untargeted
metabolomics screening identified key regulators that
can exploit these changes that cause cell death, which
may provide cancer-specific potential drug targets,
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Research motivation

particularly for advanced cancers exhibiting CIN. The
interaction between CIN status and metabolic alteration
is linked by aberrant DNA methylation, which could
lead to CIN and transcriptional gene silencing of tumor
suppressors or overexpression of oncogenes. Vitamin
B has essential roles in carbon metabolism providing
critical metabolites for DNA methylation, DNA repair,
[29]
and nucleic acid synthesis , although they were
not significantly changed in our study. Adjustment of
vitamin B levels and genetic polymorphisms of related
key enzymes in one carbon metabolism pathway might
govern the bioavailability of metabolites and therefore
cause changes in CIN phenotypes. Another aspect is
the balance between the oxidized and reduced forms
of NAD, which is a vital component of a redox state in
a cell, and reflects both the metabolic activities and
[30]
the health of cells . NAD acts as a coenzyme in redox
reactions, as a donor of ADP-ribose moieties in ADPribosylation reactions, as a precursor of the second
messenger molecule cyclic ADP-ribose, and as a
[31,32]
substrate for DNA ligases (Figure 3)
.
One of the study limitations was a small number
of participants undergoing an operation who were
willing to contribute their tissue samples in each
category, and therefore we did not correct for multiple
comparisons. Metabolomics studies on GC have
provided metabolite biomarkers that can differentiate
[33]
GC patients from healthy controls . We found that the
metabolomic profiling of GC was directly correlated with
the genetic CIN status but not the traditional Lauren’
s classification system. The transomics approach in
this study to analyze the genomics and metabolomics
data inadvertently limited the cohort size of this study.
Nevertheless, in this discovery phase, we demonstrated
that CIN was associated with downstream biochemical
alterations. Therefore, larger studies are required
for validating this biomarker’s utility followed by its
translation into a clinical setting. In future works,
we would like to collect more patient survival data
to understand what metabolites can affect cancer
progression or patient prognosis.
In conclusion, we combined the classification
method of gene molecules with a metabolomics method
to discover metabolic information to accurately classify
tumors. These findings on metabolomics profiling based
on CIN status have translational potential for biomarker
discovery and novel therapeutic development.

The numerous biomarkers discovered from metabolomic studies may play
a noteworthy role in GC with regard to early-stage detection, diagnosis,
prognosis, drug development, and chemosensitivity predictions, but the
evidence of metabolomics’ association with CIN status remains lacking.

Research objectives

The aim of our study was to explore the correlation of metabolomics profiles of
GC and its CIN status.

Research methods

Based on 409 oncogenes and tumor suppressor genes sequenced, 19 GC
patients were classified as CIN and non-CIN type by TCGA. The aqueous
metabolites of the GC tumor and its surrounding adjacent healthy tissues were
identified through liquid chromatography-mass spectrometry.

Research results

GC tumors demonstrated significantly higher aspartic acid, citicoline, glutamic
acid, oxidized glutathione, succinyladenosine, and uridine diphosphate-Nacetylglucosamine levels, but significantly lower butyrylcarnitine, glutathione
hydroxyhexanoycarnitine, inosinic acid, isovalerylcarnitine, and threonine levels
compared to the adjacent healthy tissues. CIN tumors contained significantly
higher phosphocholine and uridine 5’-monophosphate levels but significantly
lower beta-citryl-L-glutamic acid level than did non-CIN tumors. CIN GC tumors
demonstrated additional altered pathways involving alanine, aspartate, and
glutamate metabolism, glyoxylate and dicarboxylate metabolism, histidine
metabolism, and phenylalanine, tyrosine, and tryptophan biosynthesis.

Research conclusions

Metabolomic profiles of GC tumors and the adjacent healthy tissue are distinct,
and the CIN status is associated with downstream metabolic alterations in GC.

Research perspectives

The combination of classification method of gene molecules and a
metabolomics method may reveal that metabolic information can be used to
accurately classify tumors. These findings on metabolomics profiling based
on CIN status have translational potential for biomarker discovery and novel
therapeutic development.
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Abstract
AIM
To investigate beta-blocker (BB) use in patients with
cirrhosis and determine their effects on physical frailty
and overall survival.
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METHODS
Adult outpatients with cirrhosis listed for liver trans
plantation underwent testing of physical frailty using
the performance-based Liver Frailty Index, comprised of
chair stands, grip strength, and balance testing, as well
as self-reported assessments of exhaustion and physical
activity. BB use was assessed from medical chart review.
Univariable and multivariable logistic regression were
performed to determine BB use and their association
with measures of physical frailty. Competing risk
analyses were performed to determine the effect of
BB use on wait-list mortality, as defined by death or
delisting for being too sick for transplant.
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RESULTS
Of 344 patients, 35% were female, median age was 60,
median model for end stage liver disease was 15, and
53% were prescribed a BB. Compared to those not on
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BB, patients on BB were similar except for percentage
female (25% vs 46%; P < 0.001) and BMI (29 vs 28;
P = 0.008). With respect to tests of physical frailty, BB
use was not associated with increased odds of frailty
(by the Liver Frailty Index), exhaustion, or low physical
activity. BB use was, however, significantly associated
with a decreased adjusted risk of mortality (SHR 0.55;
P = 0.005).

and side effects. More recently, investigators have
hypothesized that a “therapeutic window” exists during
which a patient with cirrhosis might benefit from betablocker therapy for variceal prevention, with a patient
[6,7]
losing benefit once they develop refractory ascites .
One study showed that as few as 6%-22% of patients
with known medium or large varices received primary
[8]
prophylaxis with beta-blockers . Furthermore, concern
regarding side effects led to discontinuation of beta[9]
blockers in about 15% of patients with cirrhosis .
Reluctance to prescribe beta-blocker therapy may
arise from concerns about their commonly reported
[10,11]
symptoms of weakness and fatigue
. Most of the
studies of beta-blocker side effects are performed
within the cardiac population, but little is known of their
effects in patients with cirrhosis. The adverse effects of
weakness and fatigue, factors that are integral to the
[4]
frail phenotype , are of particular importance in this
population given the recent studies indicating physical
frailty as a predictor of mortality in patients awaiting
[2,3]
liver transplant . Therefore, in this study, we aimed to
evaluate the association between beta-blocker use and
physical frailty in patients with cirrhosis.

CONCLUSION
In patients with cirrhosis awaiting liver transplantation,
BB use is not associated with physical frailty. We
confirmed the known survival benefits with BB use, and
concerns about adverse effects should not deter their
utilization when indicated.
Key words: Beta-blockers; Cirrhosis; End-stage liver
disease; Frailty
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In patients with cirrhosis, beta-blockers are
the main medical treatment for prevention of variceal
bleeds, but fatigue and weakness are commonly
reported side effects. This study demonstrates that use
of beta-blockers is not associated with physical frailty
and improves survival in patients with cirrhosis.

MATERIALS AND METHODS
Study population

The Functional Assessment in Liver Transplantation
(FrAILT) study is an ongoing prospective study of adult
patients (≥ 18 years) with cirrhosis actively listed for
liver transplantation and seen as outpatients at the
University of California, San Francisco (UCSF). This
retrospective study included data from patients enrolled
in the FrAILT study from July 2012 until January 2014.
Included were patients with model for end stage liver
disease (MELD) score ≥ 12 and excluded were patients
with severe hepatic encephalopathy, defined by the
time to complete the Numbers Connection Test of >
120 s. All participants gave informed consent and the
UCSF Institutional Review Board approved this study.

Kuo SZ, Lizaola B, Hayssen H, Lai JC. Beta-blockers and
physical frailty in patients with end-stage liver disease. World J
Gastroenterol 2018; 24(33): 3770-3775 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i33/3770.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i33.3770

INTRODUCTION
Physical frailty is reported to be prevalent in patients
with cirrhosis and has emerged as a critical determinant
[1-3]
of outcomes in this population . Resulting from the
loss of homeostatic balance of multiple physiologic
systems including (but not limited to) musculoskeletal,
inflammatory, endocrine, and neurocognitive, physical
frailty has been operationalized using standardized
instruments that measure multiple domains such as
fatigue, weakness, slowness, weight loss, and low
[4]
activity . Two of these physical frailty components,
fatigue and weakness, overlap with the frequent side
effects of non-selective beta-blockers (BBs).
This overlap is of particular importance for patients
with cirrhosis. Beta-blockers are the main pharmacologic
therapy for both primary and secondary prevention of
[5]
variceal hemorrhage in patients with cirrhosis . Despite
the proven clinical effectiveness and known mortality
benefits of beta-blockers, there is mounting evidence
that patients are not receiving these treatments due to
physicians under prescribing, suboptimal adherence,

WJG|www.wjgnet.com

Study procedures and data collection

At enrollment and subsequent clinic visits, all patients
underwent tests of physical frailty in the outpatient
clinic setting: (1) the Liver Frailty Index (LFI), consisting
of chair stands, grip strength, and balance (calculator
[1]
available at https://liverfrailtyindex.ucsf.edu) ; (2)
exhaustion, determined by self-report using two
questions from the Center for Epidemiological StudiesDepression scale that have been included in the
[4]
Fried Frailty Phenotype ; and (3) physical activity,
determined by self-report using the Minnesota Leisure
Time Physical Activity Scale (MNLTPA) that has also
[4]
been included in the Fried Frailty Phenotype .
Patient demographics, medical co-morbidities,
degree of ascites, vital signs, beta-blocker use and
beta-blocker indications were collected from the clinic
visit note from the same date of their physical frailty
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assessment. Hepatic encephalopathy (HE) was defined
as moderate if the patient’s Numbers Connection Test
score was > 60 s and mild/none if < 60 s. Laboratory
studies within 3 mo of the study visit were collected
from the patient’s electronic health record.

autoimmune/cholestatic liver disease in 11%, hepatitis B
in 4% and “other” in 6%. Median weight and body mass
2
index (BMI) were 83.5 kg and 28.4 kg/m , respectively.
With respect to medical co-morbidities, 44% had
hypertension, 32% had diabetes, and 7% had coronary
artery disease. Hepatic encephalopathy was present in
21% of patients. Ascites was absent in 67%, 30% had
a mild to moderate degree, and 3% had severe ascites.
The median (IQR) MELD score was 15 (12-18), and the
proportion with Child Pugh Score A, B, and C was 19%,
60%, and 21%, respectively.

Statistical analysis

Patients were classified as “frail” if they had an LFI score
of ≥ 4.5, as these cutoffs have been associated with
[1]
worse outcomes in patients awaiting liver transplant .
Patients were classified as “robust” if they had an LFI
[1]
score of < 3.2 . Frailty by the MNLTPA activity level
was defined as < 383 Kcals/wk for males and < 270
[4]
Kcals/wk for females .
Differences in baseline characteristics between betablocker users vs non-users were compared using chisquare or Wilcoxon ranksum tests for categorical and
continuous variables, respectively. Differences in heart
rate, performance measures of physical frailty, and
self-reported physical frailty were also compared by
chi-square and Wilcoxon ranksum tests. Univariable
logistic regression was performed to determine
associations between beta-blocker use and physical
frailty. Multivariable models initially included heart rate,
age, MELD, creatinine, albumin, sodium, presence of
hepatocellular carcinoma (HCC), degree of ascites,
and presence of hepatic encephalopathy. All variables
associated with a P-value < 0.2 in the univariable
analysis were included in the multivariable model and a
backwards stepwise selection was used to only include
variables with a P < 0.05.
Competing risk analysis evaluated the effect of betablocker use on wait-list mortality, as defined by death
or delisting for being too sick for transplant, with liver
transplant as a competing risk. Patients were censored
at the time of waitlist removal if removed for “other”
reasons (e.g., violation of substance abuse contract,
inadequate social support). All variables associated
with a P-value < 0.2 in the univariate analysis were
included in the multivariate model and a backward
stepwise selection was used to eliminate covariates
using a threshold P-value < 0.05 to determine the
subdistribution hazard ratio (SHR).
All statistical analyses were performed using STATA®
version 11 (College Station, TX, United States). The
statistical methods of this study were reviewed by Lai
JC, MD, from UCSF who is trained in advanced clinical
research methodologies.

Characteristics associated with beta-blocker use

Out of the 344 patients, 181 (53%) were taking a betablocker at the time of assessment: 68% were taking
propranolol, 15% nadolol, and 17% other beta-blockers
(Supplemental Table 1).
Baseline characteristics of beta-blocker users vs nonusers are shown in Table 1, columns B and C, respectively.
The two groups were similar with respect to age, race/
ethnicity, etiology of liver disease, degree of ascites, rates
of hepatic encephalopathy, MELD scores and Child Pugh
scores. Beta-blocker users vs non-users had a lower
percentage of females (25% vs 46%; P < 0.001), higher
2
2
body mass index (29.3 kg/m vs 27.7 kg/m ; P = 0.008),
and higher rates of HCC (32% vs 22%; P = 0.04).
Median (IQR) heart rate (in beats per minute)
differed significantly between beta-blocker users and
non-users [67 (61-74) vs 76 (69-85); P < 0.001].
There was no significant difference in systolic or diastolic
blood pressure between the two groups.

Associations between beta-blocker use and physical
frailty

A comparison of characteristics by beta-blocker use is
presented in Table 2. Median LFI was statistically, but
not clinically, significantly worse in beta-blocker users
compared to non-users (3.75 vs 3.64; P = 0.04).
Rates of frailty were similar between the two groups
(14% vs 14%), but there was a trend toward a lower
rate of patients who were classified as robust among
beta-blocker users vs non-users (16% vs 25%; P =
0.06). There was no difference in rates of self-reported
exhaustion or physical activity between the two groups
(Table 2).
In univariable logistic regression, beta-blocker use
was not significantly associated with physical frailty as
defined by LFI ≥ 4.5 [OR 0.99 (95%CI: 0.54-1.83)],
exhaustion [OR 0.97 (95%CI: 0.63-1.48)], or low
physical activity [OR 0.92 (95%CI: 0.60-1.41)]. The
associations between beta-blocker use and physical frailty
by LFI ≥ 4.5 [OR 0.97 (95%CI: 0.50-1.87)], exhaustion
[OR 0.97 (95%CI: 0.63-1.50)], or low physical activity
[OR 1.18 (95%CI: 0.74-1.89)] did not change after
multivariable adjustment. There was no association
between physical frailty and each unit increase in dosing
of either propranolol [OR 1.00 (95%CI: 0.98-1.02)] or
nadolol [OR 0.99 (95%CI: 0.92-1.08)].

RESULTS
Baseline characteristics of the cohort

A total of 344 patients with end-stage liver disease were
included in this study. Baseline characteristics are listed
in Table 1, column A. The median (IQR) age was 60
years (54-64) and 35% were female. The etiology of
underlying liver disease was hepatitis C in 50%, alcoholic
liver disease in 15%, nonalcoholic steatohepatitis in 13%,
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Table 1 Patient demographics
Characteristics
Age (yr)
Female
Race/ethnicity
Non-Hispanic White
Black
Hispanic White
Asian
Other
Etiology of liver disease
Hepatitis C
Alcohol
Nonalcoholic steatohepatitis
Autoimmune/cholestatic
Hepatitis B
Other
HCC
BMI (kg/m2)
Medical co-morbidities
Hypertension
Diabetes
Coronary artery disease
Lab tests
Lab MELD
Total bilirubin (mg/dL)
INR
Creatinine (mg/dL)
Sodium (mEq/L)
Ascites
Mild-moderate
Refractory
Hepatic encephalopathy1
Child Pugh Score
A
B
C

P value

All

On beta blockers

n = 344

n = 181 (53%)

60 (54-64)
35%

61 (54-65)
25%

Not on beta blockers
n = 163 (47%)
60 (54-63)
46%

57%
4%
27%
7%
6%

56%
3%
30%
5%
7%

58%
6%
23%
8%
5%

50%
15%
13%
11%
4%
6%
27%
28.4 (24.9-33.0)

51%
15%
15%
9%
2%
7%
32%
29.3 (25.8-33.7)

49%
15%
11%
14%
6%
6%
22%
27.7 (24.2-31.8)

0.04
0.0081

44%
32%
7%

48%
36%
10%

40%
27%
4%

0.12
0.06
0.04

15 (12-18)
2.3 (1.6-3.4)
1.4 (1.2-1.6)
0.9 (0.8-1.2)
137 (134-139)

15 (13-18)
2.3 (1.5-3.2)
1.4 (1.3-1.6)
1 (0.8-1.2)
137 (135-139)

15 (12-18)
2.4 (1.7-3.6)
1.4 (1.2-1.6)
0.9 (0.7-1.2)
137 (134-139)

0.55
0.41
0.54
0.0034
0.75

30%
3%
21%

30%
4%
22%

30%
2%
21%

0.40

19%
60%
21%

18%
60%
22%

20%
59%
21%

0.16
< 0.001
0.26

0.39

0.86
0.89

1

Defined as a Numbers Connection test > 60 s. HCC: Hepatocellular carcinoma; BMI: Body mass index; MELD: Model for End Stage Liver Disease.

Table 2 Comparison of metrics of physical frailty by beta-blocker use
Outcome

On beta blockers

Not on beta blockers
n = 163 (47%)
3.64 (3.23-4.04)
10.9 (8.3-13.2)
29 (22-37)
30 (26.6-30)
14%
25%
52%
60%

n = 181 (53%)
Liver frailty index1
Chair stands (s)
Grip strength (kg)
Balance (s)
LFI Frail
LFI Robust
Exhaustion
MNLTPA frailty

3.75 (3.37-4.15)
12.5 (10-16.2)
33.3 (24.3-40)
30 (30-30)
14%
16%
51%
58%

P value
0.04
0.003
0.03
0.20
0.98
0.06
0.89
0.69

1

Five missing data points. LFI: Liver frailty index; MNLTPA: Minnesota leisure time physical activity scale.

Beta-blocker use and wait-list mortality

(33% vs 22%; P = 0.02).
In univariable competing risks regression, betablocker use was significantly associated with decreased
mortality, whereas creatinine, HE and LFI score were
significantly associated with increased waitlist mortality
(Table 3). After adjustment for all independent predictors,
beta-blocker use remained associated with decreased
hazard of waitlist mortality [SHR 0.55 (95%CI 0.36-0.83)

Median (IQR) follow-up time was 12 (4-22) mo. By
the end of follow-up, 92 (27%) patients died or were
delisted for being too sick, 167 (48%) underwent liver
transplant, 47 (14%) were delisted for other reasons,
and 37 (11%) remained on the waitlist. Patients who
were not beta-blocker users vs beta-blocker users had
a higher proportion who died/delisted for being too sick
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the concept of a “therapeutic window” for benefit of
[7]
beta-blockers on mortality in patients with cirrhosis .
Importantly, our data add to the existing body of
literature by adjusting for the differences in frailty, which
is now established to be an important determinant of
[1]
mortality in patients with end-stage liver disease .
We acknowledge several limitations to our study.
Since this was a cross-sectional study, we were only
able to ascertain beta-blocker use at a single visit, but
recognize that beta-blocker prescription could have
changed during the course of the patient’s time on the
waitlist. Adherence to beta-blocker therapy could not be
verified, but the median heart rate was significantly lower
in the beta-blocker users. Inclusion of only outpatients
with MELD scores ≥ 12 limits the study’s generalizability
to the liver transplant population as a whole, but we
expect those with MELD scores < 12 to be less frail and
therefore, even less affected by beta-blocker use. Lastly,
given the observational nature of this study, we could not
conclude the absence of causality between non-selective
beta-blockers and physical frailty.
Despite these limitations, our data provide impor
tant data for clinicians who manage patients with
cirrhosis and portal hypertension. This study is, to
our knowledge, the first to investigate the association
between commonly reported beta-blocker side effects
of fatigue and weakness on physical frailty, of which
fatigue and weakness are major components. The lack
of any clinically meaningful difference in rates of physical
frailty in addition to the strong association with mortality
benefit of non-selective beta-blockers (in this study and
[9,12,13]
in others
) provide reassuring evidence in support of
non-selective beta-blocker use when indicated.

Table 3 Competing risks survival analysis
Variable

Being on a Beta Blocker
Liver Frailty Index
MELD score
Creatinine
Albumin
Sodium
HCC
Ascites
Age
Gender (female)
Hepatic encephalopathy
(> 60 s)

Univariable SHR
(95%CI)
P value

Multivariable SHR
(95%CI)
P value

0.57 (0.38-0.85)
0.006
1.52 (1.13-2.03)
0.005
1.03 (0.99-1.07)
0.19
1.17 (1.07-1.28)
0.001
0.79 (0.56-1.12)
0.18
0.99 (0.95-1.04)
0.76
0.80 (0.50-1.29)
0.37
0.98 (0.63-1.51)
0.92
1.02 (0.99-1.04)
0.15
1.09 (0.72-1.65)
0.68
1.99 (1.30-3.05)
0.001

0.55 (0.36-0.83)
0.005
1.35 (1.02-1.80)
0.04

1.10 (1.00-1.22)
0.006

1.64 (1.05-2.57)
0.03

HCC: Hepatocellular carcinoma; MELD: Model for End Stage Liver
Disease; SHR: subdistribution hazard ratio.

P = 0.005].

DISCUSSION
Non-selective beta-blockers have become a cornerstone
of medical management for patients with cirrhosis to
reduce the risk of variceal hemorrhage and have been
[9,12,13]
associated with mortality benefit
. However, betablockers also have a number of well-known side effects,
including fatigue and weakness, which may be particularly
challenging for patients with cirrhosis who already
experience a high burden of fatigue and weakness from
[14]
their cirrhosis, in addition to polypharmacy . These
common side effects of non-selective beta-blockers could,
in turn, theoretically accelerate physical frailty, a potent
[1-3]
determinant of mortality in this population .
In this study, we demonstrated that the addition of a
beta-blocker is not associated with clinically-significantly
increased rates of physical frailty or its associated
symptoms of exhaustion or low physical activity. While
patients on non-selective beta-blockers had statistically
worse LFI scores than patients not on non-selective betablockers, the difference in the median values for each
group was 0.11, which does not meet the 0.2 threshold
[15]
for the minimum clinically important difference in LFI .
This is supported by the fact that rates of physical
[1]
frailty, using the LFI cut-off of ≥ 4.5 , were similar
between the two groups. Furthermore, our analyses
confirmed the known overall mortality benefits of beta[9,12,13]
blocker therapy
. The fact that the vast majority
of our cohort did not have refractory ascites supports
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Patients with cirrhosis are vulnerable to developing physical frailty, and it is
becoming increasingly apparent that frailty predicts poor waitlist mortality.
Frequently reported side effects of beta-blockers include weakness and fatigue,
which overlap with aspects of frailty.

Research motivation

There are an increasing number of studies that indicate physical frailty as
a predictor of mortality in patients awaiting liver transplant. Given that betablockers have commonly reported side effects of fatigue and weakness, it is
possible that they could accelerate physical frailty.

Research objectives

The objective of this study was to determine the association between betablocker use with physical frailty, exhaustion, physical activity and mortality in
patients with cirrhosis.

Research methods

Three-hundred-forty-four patients with cirrhosis underwent physical frailty
testing using the Liver Frailty Index, which includes chair stands, grip strength
and balance testing. Data was also collected on self-reported assessments
of exhaustion and amount of physical activity. Data on beta-blocker usage
was obtained from chart review. Both univariable and multivariable logistic
regression were performed to determine if there was an association with
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physical frailty and beta-blocker use.
6

Research results

Fifty three percent of the patients were prescribed a beta-blocker. In both
univariable and multivariable models, beta-blocker users did not have increased
odds of physical frailty (as defined by LFI ≥ 4.5), higher rates of exhaustion, or
lower physical activity levels. Patients on beta-blockers had a 45% reduction in
odds of waitlist mortality compared to patients not on beta-blockers.

7

Research conclusions

8

Our study demonstrates that in patients with cirrhosis, beta-blocker use is
not associated with physical frailty, exhaustion, or lower physical activity.
Furthermore, our study confirms the survival benefits of beta-blocker use.

9

Research perspectives

Taken together, our findings suggest that there is no association with betablocker use and physical frailty, and that concerns about side effects should not
prevent their use when indicated. Since this is an observational study, future
studies will be needed to conclude the absence of causality.

10
11
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AIM
To investigate the feasibility and safety of secondary
endoscopic submucosal dissection (ESD) for residual or
locally recurrent gastric tumors.

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the Gangnam
Severance Hospital.

METHODS
Between 2010 and 2017, 1623 consecutive patients
underwent ESD for gastric neoplasms at a single tertiary
referral center. Among these, 28 patients underwent
secondary ESD for a residual or locally recurrent
tumor. Our analysis compared clinicopathologic factors
between primary ESD and secondary ESD groups.
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RESULTS
The en bloc resection and curative rate of resection of
secondary ESD were 92.9% and 89.3%, respectively.
The average procedure time of secondary ESD was
significantly longer than primary ESD (78.2 min vs
55.1 min, P = 0.004), and the adverse events rate was
not significantly different but trended slightly higher
in the secondary ESD group compared to the primary
ESD group (10.7% vs 3.8%, P = 0.095). Patients
who received secondary ESD had favorable outcomes
without severe adverse events. During a mean follow-
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up period, no local recurrence occurred in patients who
received secondary ESD.

secondary ESD is difficult because the submucosal layer
is eliminated by the previous endoscopic resection and
is replaced with fibrosis. In patients who have positive
lateral margin after primary ESD, early secondary ESD
is performed within a few days. This can be technically
difficult because the orientation of the residual lesion
might be confusing and development of submucosal
[6]
fibrosis may have begun . Late secondary ESD is
performed a few months after the primary ESD and is
also technically demanding because of severe submucosal
fibrosis. Until recently, there have only been a few
reports of secondary ESD for residual or locally recurrent
[6-8]
tumors . Therefore, this study aimed to investigate the
feasibility and safety of secondary ESD procedures for
residual or locally recurrent gastric neoplasms.

CONCLUSION
Secondary ESD of residual or locally recurrent gastric
tumors appears to be a feasible and curative treatment
though it requires greater technical efficiency and longer
procedure time.
Key words: Secondary endoscopic submucosal dissection;
Endoscopic submucosal dissection; Gastric neoplasms;
Residual tumors; Recurrent tumors
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although secondary endoscopic submucosal
dissection (ESD) is technically demanding, it can be
applied to residual or recurrent tumors. We categorized
secondary ESD into three groups according to the
surgical strategy and analyzed them. There is no
consensus on the timing of salvage ESD. This is the first
study to report the feasibility and safety of secondary
ESD according to the timing of ESD. Although secondary
ESD requires greater technical efficiency and a longer
procedure time, secondary ESD of residual or locally
recurrent gastric tumors appears to be a feasible and
curative treatment.

MATERIALS AND METHODS
Patients

Between January 2010 and February 2017, 1623
consecutive patients underwent gastric ESD for gastric
neoplasms at Gangnam Severance Hospital in Seoul,
Korea. Among these, 28 patients received secondary
ESD for residual or locally recurrent tumors. We com
pared clinicopathologic factors between secondary ESD
(28 patients) and primary ESD (1595 patients). The
prospectively collected database of ESD and medical
records were then reviewed and analyzed retrospectively
to determine the feasibility and safety of ESD for residual
or locally recurrent tumors. The Institutional Review
Board (IRB) of Gangnam Severance Hospitals approved
this study.

Jung DH, Youn YH, Kim JH, Park JJ, Park H. Secondary
endoscopic submucosal dissection for locally recurrent or
incompletely resected gastric neoplasms. World J Gastroenterol
2018; 24(33): 3776-3785 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i33/3776.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i33.3776

ESD procedure

Procedures were primarily performed using one or two
ESD knives, including a DualKnife (Olympus Co., Tokyo,
Japan), FlexKnife (Olympus Co., Tokyo, Japan), HookKnife
(Olympus Co., Tokyo, Japan), and/or an insulated-tip knife
(Olympus Co., Tokyo, Japan). Following circumferential
marking (via argon plasma coagulation), a mixture of
indigo carmine, epinephrine, and 10% glycerol (Cerol;
JW Pharmaceutical Co, Seoul, South Korea) was used
to inject the submucosa. The mucosa surrounding each
lesion was then incised and dissection of the submucosal
layer ensued. Hemostasis during ESD and ablation of
visible vessels at the post-ESD ulcer site were achieved
using hemostatic forceps (Coagrasper; Olympus Co,
Tokyo, Japan). For the electrosurgical unit, the VIO300D
(ERBE, Tuebingen, Germany) was used. Mucosal incision
was performed using the Endocut I current (effect 2, cut
duration 4, interval 3), and submucosal dissection was
carried out with the swift coagulation current (effect 3,
40 W). The visible vessels were ablated using the soft
coagulation current (effect 3, 60 W).

INTRODUCTION
Endoscopic submucosal dissection (ESD) technique has
evolved, and various lesions can now be treated with
ESD, regardless of their size and site, including ulcer scars
[1,2]
with severe fibrosis . To achieve curative resection,
it is very important to accurately predict the margin of
neoplasm before ESD. Therefore, chromoendoscopy,
magnifying endoscopy, and magnifying image-enhanced
endoscopy are widely used to determine the appropriate
[3,4]
lesion margin . However, despite these efforts, the
positive lateral margins of a neoplasm can still occur after
ESD. According to the Japanese gastric cancer treatment
guidelines, surgical resection should be performed after
[5]
non-curative resection of early gastric cancer . However,
for patients with differentiated carcinoma in which the
positive lateral margin is the only non-curative factor,
secondary ESD can be performed given the low risk of
lymph node metastasis in such cases.
Primary ESD is a relatively established technique
that dissects along the loose submucosal layer. However,
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Secondary ESD procedure

In this study, secondary ESD refers to an additional
ESD procedure for residual or locally recurrent tumors.
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Figure 1 Case of early salvage endoscopic submucosal dissection. A 52 year old female patient was diagnosed with a 6 cm early gastric cancer on the posterior
wall of the lower body. The primary ESD procedure was performed, and en bloc resection was achieved. The pathology report indicated the positive lateral margin.
Early salvage ESD was performed after histological confirmation of positive lateral margins of the initial ESD specimen. ESD: Endoscopic submucosal dissection.

Figure 2 Case of late salvage endoscopic submucosal dissection. A 52 year old male patient was diagnosed with a 3 cm early gastric cancer on the posterior
wall of the lower body. The primary ESD procedure was performed, and piecemeal resection was done incompletely due to severe bleeding and adhesion. Late
salvage ESD was performed after complete healing of the artificial ulcer caused by the primary ESD. ESD: Endoscopic submucosal dissection.

Early salvage ESD was performed immediately after
histological confirmation of positive lateral margins of
the initial ESD specimen (Figure 1). Late salvage ESD
was prescribed when the positive lateral margin was
histologically confirmed after the initial ESD, and was
performed after complete healing of the artificial ulcer
caused by the initial ESD (Figure 2). Late secondary
ESD was performed when local recurrence was proven
histologically during the follow-up period after initially
curative primary ESD (Figure 3). The general sequence

WJG|www.wjgnet.com

of early or late salvage and late secondary ESD were
similar to that of the primary ESD. However, sodium
hyaluronate (LG Life Science Co., Seoul, South Korea)
was frequently used as a submucosal injection material
to overcome non-lifting signs induced by ulceration and
fibrosis of the submucosal layer caused by the primary
[9]
ESD . In general, a non-insulated knife was used for
dissecting fibrotic areas that were not lifted due to
fibrosis. Additionally, to achieve an appropriate angle
for a dissecting view of the submucosa in fibrotic area,
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Figure 3 Case of late secondary endoscopic submucosal dissection. A 61 year old male patient was diagnosed with a 1.7 cm high grade dysplasia on the lesser
curvature of the angle. The primary ESD procedure was performed, and en bloc resection was achieved. The local recurrence was shown five years after initial
curative primary ESD. Late secondary ESD was performed. ESD: Endoscopic submucosal dissection.

the submucosal dissection was initiated in a non-fibrotic
area of sufficient distance from the fibrotic area.

ESD and 28 patients underwent secondary ESD. Six
of these patients (21.4%) and eight of these patients
(28.6%) underwent early and late salvage ESD for
residual lesions, respectively, while fourteen of these
patients (50.0%) underwent late secondary ESD for
locally recurrent lesions. Baseline characteristics of the
gastric lesions treated by ESD are shown in Table 1.
There were significantly more depressed macroscopic
lesions in the secondary ESD group and there were no
significant differences in lesion location or size between
the two groups. We investigated the initial lesion
corresponding to secondary ESD. The initial lesions
corresponding to secondary ESD were dysplasia in 13
patients, and carcinoma in 15 patients. A total of 15
patients with carcinoma had mucosal cancer without
lymphovascular invasion.

Histopathological evaluation of tumors

En bloc resection was defined as a tumor that was
removed whole as a single piece. Curative resection
was defined as expanded indications according to the
[5]
Japanese gastric cancer treatment guidelines . According
to the Japanese gastric cancer treatment guidelines, the
expanded indications for curative endoscopic resection
(ER) were en bloc resection, negative lateral and vertical
margins, no lymphovascular invasion (LVI) and one
of the following: (1) Tumor size > 2 cm, differentiated
type, mucosa, and ulcer (-); (2) tumor size ≤ 3 cm,
differentiated type, mucosa, and ulcer (+); (3) tumor
size ≤ 2 cm, undifferentiated type, mucosa, and ulcer
(-); or (4) tumor size ≤ 3 cm, differentiated type, and
submucosa1 (SM1, < 500 μm from the muscularis
mucosa).

Procedure outcomes

When we compared the procedure outcomes of the 1595
patients in the primary ESD group and the 28 patients
in the secondary ESD group, the resected specimen size
in the secondary ESD group was significantly larger than
that of the primary ESD group, though the lesion size of
two groups was not different. Next, significant differences
in procedure outcomes were identified by comparing
the primary ESD group and the secondary ESD group
(Table 2). Patients in the secondary ESD group had a
longer mean ESD procedure time than patients in the
primary ESD group (78.2 min vs 55.1 min, P = 0.004).
Additionally, the dissection times for the secondary
ESD group were significantly longer than that of the
primary ESD group (63.4 min vs 36.7 min, P < 0.001).
Furthermore, the dissection speed was significantly lower
in the secondary ESD group than in the primary ESD

Statistical analysis

Comparison of clinicopathologic factors between primary
ESD and secondary ESD was performed using the chisquare test and Fisher’s exact test. The Student’s t-test
was used for intergroup comparison of non-categorical
variables. The accepted significance level was a P value
< 0.05. All statistical analyses were performed using the
software SPSS version 12.0 for Windows (SPSS Inc.,
Chicago, IL, United States).

RESULTS
Demographic and clinicopathologic characteristics

Among 1623 patients, 1595 patients received primary

WJG|www.wjgnet.com
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Table 1 Baseline characteristics
Characteristics
Gender
Male
Female
Age [yr, mean (SD)]
Lesion location
Upper
Middle
Lower
Multiplicity
Lesion size [mm, mean (SD)]
Macroscopic type
Elevated
Flat
Depressed
WHO classification
Low grade dysplasia
High grade dysplasia
Well differentiated
Moderately differentiated
Poorly differentiated
Signet ring cell carcinoma
No residual lesion
Depth of invasion
Dysplasia
Mucosal cancer
Submucosal cancer
No residual lesion
LVI
No
Yes
Lateral margin
Negative
Positive
Vertical margin
Negative
Positive

ESD

Secondary ESD

(n = 1595, %)

(n = 28, %)

1117 (70.0)
478 (30.0)
64.8 (10.4)

19 (67.9)
9 (32.1)
63.5 (9.2)

127 (8.0)
633 (39.7)
835 (52.4)
250 (15.7)
17.4 (12.8)

3 (11.1)
15 (53.6)
10 (35.7)
2 (7.1)
16.4 (13.2)

674 (42.3)
685 (42.9)
236 (14.8)

7 (25.0)
9 (32.1)
12 (42.9)

610 (38.2)
221 (13.9)
356 (22.3)
268 (16.8)
76 (4.8)
64 (4.0)
0 (0.0)

8 (28.6)
4 (14.3)
4 (14.3)
7 (25.0)
3 (10.7)
0 (0.0)
2 (7.1)

831 (52.1)
609 (38.2)
155 (9.7)
0 (0.0)

12 (42.9)
14 (50.0)
0 (0.0)
2 (7.1)

1546 (96.9)
49 (3.1)

28 (100.0)
0 (0.0)

1521 (95.4)
74 (4.6)

26 (92.9)
2 (7.1)

1542 (96.7)
53 (3.3)

27 (96.4)
1 (3.6)

P value
0. 836

0.528
0.217

0.296
0.664
< 0.001

< 0.001

< 0.001

1.000

0.381

0.615

ESD: Endoscopic submucosal dissection; LVI: Lymphovascular invasion.

Table 2 Comparison of procedural outcomes and oncologic outcomes between the primary endoscopic submucosal dissection group
and secondary endoscopic submucosal dissection group

Lesion size [mm, mean (SD)]
Specimen size [mm, mean (SD)]
Whole procedure time [min, mean (SD)]
Dissection time [min, mean (SD)]
Dissection speed [mm2/min, mean (SD)]
Complication
Perforation
Bleeding
Aspiration pneumonia
Hospital stay [d, mean (SD)]
En bloc resection
Curative resection
Additive salvage treatment
Additive surgery
Redo ESD
Argon plasma coagulation

ESD

Secondary ESD

(n = 1595, %)

(n = 28, %)

17.4 (12.8)
38.1 (14.6)
55.1 (41.5)
36.7 (34.7)
38.7 (32.8)
61 (3.8)
37 (2.3)
15 (0.9)
13 (0.8)
3.6 (3.2)
1574 (98.7)
1383 (86.7)
104 (6.5)
85 (5.3)
16 (1.0)
3 (0.2)

16.4 (13.2)
47.8 (19.6)
78.2 (38.0)
63.4 (38.0)
22.1 (12.7)
3 (10.7)
0 (0.0)
1 (3.6)
2 (7.1)
3.9 (2.5)
26 (92.9)
25 (89.3)
3 (10.7)
2 (7.1)
1 (3.6)
0 (0.0)

P value
0.664
0.001
0.004
< 0.001
< 0.001
0.095

0.639
0.058
1.000
0.425

ESD: Endoscopic submucosal dissection.
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Table 3 Clinicopathologic characteristics according to surgical strategy
Characteristics

Early salvage ESD (n = 6, %)

Late salvage ESD (n = 8, %)

Late secondary ESD (n = 14, %)

4 (66.7)
2 (33.3)
65.4 (10.8)

5 (62.5)
3 (37.5)
61.6 (7.3)

10 (71.4)
4 (28.6)
63.8 (9.9)

2 (33.3)
2 (33.3)
2 (33.3)
0 (0.0)
19.8 (22.4)

0 (0.0)
4 (50.0)
4 (50.0)
1 (12.5)
13.6 (10.9)

1 (7.1)
9 (64.3)
4 (28.6)
1 (7.1)
16.4 (9.8)

0 (0.0)
6 (100.0)

0 (0.0)
8 (100.0)

2 (14.3)
12 (85.7)

0 (0.0)
4 (66.7)
2 (33.3)

0 (0.0)
2 (25.0)
6 (75.0)

7 (50.0)
3 (21.4)
4 (28.6)

2 (33.3)
0 (0.0)
1 (16.7)
1 (16.7)
0 (0.0)
0 (0.0)
2 (33.3)

3 (37.5)
1 (12.5)
0 (0.0)
4 (50.0)
0 (0.0)
0 (0.0)
0 (0.0)

3 (21.4)
3 (21.4)
3 (21.4)
2 (14.3)
3 (21.4)
0 (0.0)
0 (0.0)

2 (33.3)
2 (33.3)
0 (0.0)
2 (33.3)

4 (50.0)
4 (50.0)
0 (0.0)
0 (0.0)

6 (42.9)
8 (57.1)
0 (0.0)
0 (0.0)

6 (100.0)
0 (0.0)

8 (100.0)
0 (0.0)

14 (100.0)
0 (0.0)

6 (100.0)
0 (0.0)

8 (100.0)
0 (0.0)

12 (85.7)
2 (14.3)

6 (100.0)
0 (0.0)

8 (100.0)
0 (0.0)

13 (92.9)
1 (7.1)

Gender
Male
Female
Age [yr, mean (SD)]
Lesion location
Upper
Middle
Lower
Multiplicity
Lesion size [mm, mean (SD)]
Initial method
EMR
ESD
Macroscopic type
Elevated
Flat
Depressed
WHO classification
Low grade dysplasia
High grade dysplasia
Well differentiated
Moderately differentiated
Poorly differentiated
Signet ring cell carcinoma
No residual lesion
Depth of invasion
Dysplasia
Mucosal cancer
Submucosal cancer
No residual lesion
LVI
No
Yes
Lateral margin
Negative
Positive
Vertical margin
Negative
Positive

P value
0. 909

0.749
0.255

0.668
0.701
0.341

0.014

0.081

0.090

1.000

0.341

0.617

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; LVI: Lymphovascular invasion.

2

2

group (22.1 mm /min vs 38.7 mm /min, P < 0.001).
The adverse events rate in the secondary ESD group was
not significantly different but trended slightly higher than
that in the primary ESD group (10.7% vs 3.8%, P =
0.095). There were no perforations in the secondary ESD
group.

and was followed up closely. During follow-up, one
patient who received secondary ESD presented with
metachronous recurrence 25 months after secondary
ESD. We evaluated the outcomes according to an
institutional learning curve based upon the initial phase
and the late phase of the study period. The en bloc
resection rate was not significantly different (initial phase
vs late phase, 98.4% vs 98.8%, P = 0.533). Curative
resection rate was significantly lower in initial phase vs
late phase (84.6% vs 88.8%, P = 0.013). When we
evaluated the outcomes in the secondary ESD group, the
en bloc and curative resection rates were not statistically
different (initial phase vs late phase, 100% vs 88.2%, P
= 0.505 and 90.9 % vs 88.2%, P = 1.000, respectively).

Oncologic outcomes

The en bloc resection and curative rates of resection of
secondary ESD were 92.9% and 89.3%, respectively.
These rates were comparable with those of primary
ESD, which had an en bloc resection rate of 98.7%
and a curative resection rate of 86.7% (Table 2). Three
patients in the secondary ESD group had additive
salvage treatments due to a positive lateral margin (n
= 2) and other synchronous lesions that had vertical
margin involvement after secondary ESD (n = 1). One
patient in the secondary ESD group showed a positive
vertical margin with a very focal extension of dysplasia.
This patient was 75 years old and decided to be observed
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Subgroup analysis according to surgical strategy

We categorized secondary ESD into three groups
according to the surgical strategy (early salvage, late
salvage, or late secondary ESD) (Table 3). The median
interval times from the primary ESD to the secondary
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Table 4 Comparison of procedural outcomes and oncologic outcomes according to surgical strategy
Early salvage ESD (n = 6, %)

Late salvage ESD (n = 8, %)

Late secondary ESD (n = 14, %)

P value

19.8 (22.4)
63.0 (33.0)
81.7 (48.5)

13.6 (10.9)
46.4 (11.6)
85.9 (24.3)

16.4 (9.8)
42.1 (12.8)
72.3 (41.1)

0.701
0.084
0.714

73.2 (46.8)
19.4 (6.8)

73.0 (23.4)
19.0 (7.5)

53.8 (40.7)
24.9 (12.7)

0.421
0.512

6 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
7.2 (2.9)
6.5 (3.1)
6 (100.0)
6 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

8 (100.0)
0 (0.0)
1 (12.5)
0 (0.0)
0 (0.0)
1 (12.5)
3.0 (1.8)
129.0 (133.6)
8 (100.0)
8 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

12 (85.7)
2 (14.3)
2 (14.3)
0 (0.0)
1 (7.1)
1 (7.1)
3.0 (1.2)
712.8 (546.5)
12 (85.7)
11 (78.6)
3 (21.4)
2 (14.3)
1 (7.1)

Lesion size [mm, mean (SD)]
Specimen size [mm, mean (SD)]
Whole procedure time [min,
mean (SD)]
Dissection time [min, mean (SD)]
Dissection speed [mm2/min,
mean (SD)]
Method
ESD only
ESD plus snaring
Complication
Perforation
Bleeding
Aspiration pneumonia
Hospital stay [d, mean (SD)]
Median interval [d, mean (SD)]
En bloc resection
Curative resection
Additive treatment
Additive surgery
Redo ESD

0.341

0.627

< 0.001
0.001
0.341
0.186
0.186

ESD: Endoscopic submucosal dissection.

ESD were 6.5, 129.0, and 712.8 d in patients who
received early salvage, late salvage, or late secondary
ESD, respectively. Hospital stay was significantly longer
in early salvage ESD group compared with late salvage
and late secondary ESD groups (7.2 d vs 3.0 d and 3.0
d, P ≤ 0.001). There was no other significant difference
in procedure outcomes among the three groups (Table
4). The en bloc and curative resection rates of early and
late salvage groups were both 100%. However, the en
bloc and curative resection rates of the late secondary
ESD group tended to be lower than that of the other
groups (Table 4).

they suggested that secondary ESD was an effective and
minimally invasive procedure for patients with residual or
local recurrent tumors after EMR.
Secondary ESD is technically difficult due to the
severe fibrosis and scar formation that results from
[25]
primary ESD . In this study, the mean procedure
time and dissection time of secondary ESD was longer
than that for primary ESD. In addition, the dissection
speed was lower in the secondary ESD group than
in the primary ESD group, while the adverse events
rate of secondary ESD was slightly higher than that of
primary ESD. That is, secondary ESD is associated with
a greater technical difficulty, longer procedure time,
and increased incidence of adverse events. However,
in this study, bleeding after secondary ESD was
managed endoscopically, without the need for further
emergent operation; aspiration pneumonia was treated
with antibiotics and conservative care. The aspiration
pneumonia occurred in 15 (0.9%) patients. The procedure
time was longer in patients with aspiration pneumonia
than others (83.3 min vs 55.1 min, P = 0.125). However,
the difference was not statistically significant. Although
many endoscopists worry that submucosal fibrosis
might cause perforation, in this study, there were no
perforations reported in the secondary ESD group. We
suspected that deep excavation by benign peptic ulcers
would not preserve the muscle layer. However, the
artificial ulcer caused by ESD was contracted, preserving
the muscle layer, which was thicker than before ESD.
Therefore, this observation may explain the rarity of
perforation. Primary ESD procedures in this study were
performed by one of five ESD endoscopists. Two of them
were fully skilled experts (YYH, far more than a thousand
cases of ESD experience; KJH, more than five hundreds
cases of ESD experience) and the other three were less-

DISCUSSION
ESD is now widely performed for gastric neoplasms
and has favorable outcomes. However, the incomplete
[10-21]
resection rate of ESD is 2.2% to 26.3%
and the
[15,16,22-24]
local recurrence rate after ESD is 0% to 3%
.
Therefore, the management of residual or locally
recurrent gastric neoplasms after ESD continues to
be problematic. Secondary ESD for a locally recurrent
tumor is difficult to perform due to severe fibrosis and
ulcer scar formation, and there are few published reports
about secondary ESD for residual or locally recurrent
[6]
gastric neoplasms. Bae et al reported a total of 16 early
secondary ESD cases in which the curative resection
rate was 93.8% (15/16). Therefore, they asserted that
early secondary ESD was a feasible and useful treatment
in patients with a positive lateral margin. Additionally,
secondary ESD was also determined to be an effective
treatment for locally recurrent lesions after endoscopic
[7]
[7]
mucosal resection (EMR) . Oka et al reported that
the complete resection rate of ESD for a residual or
locally recurrent lesion is 93.3% (14/15). Therefore,
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skilled ESD endoscopists whose ESD experience were
less than a hundred cases. However, secondary ESD in
this study was exclusively performed only by the two
fully skilled ESD experts (YYH and KJH). That might be
a reason why the outcomes of the secondary ESD group
were relatively good despite the technical difficulty.
ESD has multiple advantages compared to other
treatment options for residual or locally recurrent
tumors, such as gastrectomy and additional endoscopic
treatment. Compared to gastrectomy, ESD offers
improved quality of life, decreased morbidity, longer
length of recovery, and lower healthcare costs. It also
has advantages over other endoscopic treatments, such
as argon plasma coagulation, including a high chance of
en bloc resection, which allows for complete histologic
assessment. Therefore, the application of secondary ESD
for residual or locally recurrent tumors is an important
treatment consideration.
When we categorized secondary ESD according to
the time interval from primary ESD, the main difference
between early secondary ESD and late secondary ESD
was scar formation. Early secondary ESD is performed
while the ESD ulcer is still open, therefore, there is
minimal fibrosis. However, by the time late secondary
ESD is performed, the ulcer has healed with severe
[26]
fibrosis . In this study, we compared three groups:
early salvage ESD, late salvage ESD, and late secondary
ESD, and hospital stay of the early salvage ESD group
was the longest. This difference was due to many
patients in the early salvage ESD group that underwent
primary and secondary ESD successively during a single
hospitalization. There was no other significant difference
in procedure outcomes regarding the whole procedure
time, dissection time, and dissection speed among the
three groups. Although the late salvage ESD and late
secondary ESD groups had severe fibrosis and scar
formations, no perforations occurred.
According to this study, secondary ESD for residual
or locally recurrent tumors is a safe, minimally invasive,
and effective treatment. However, secondary ESD should
be performed by an experienced endoscopist with
precautions, including the appropriate electrosurgical
knife, the appropriate dissection depth, and the careful
gradual dissection of the severe fibrotic tissue along
the plane of the deep submucosa or superficial proper
muscle. Furthermore, the surrounding non-fibrotic
tissue should first be dissected sufficiently to make a
flap of the specimen and directly visualize the plane
of the submucosa from the non-lifting fibrotic area to
[27,28]
the fibrotic area
. Therefore, in this study, we found
that the specimen size of the secondary ESD group
was significantly larger than the primary ESD group. In
addition, one recommendation for dissecting the fibrotic
area is to dissect deeply along the surface of the muscle
fiber because the ESD ulcer scar has an intact muscle
layer.
Correct diagnosis of the depth of invasion of
residual or locally recurrent tumors is often difficult
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due to scar formation after ESD. Therefore, residual or
locally recurrent tumors with submucosal invasion are
[29]
sometimes misdiagnosed as mucosal cancer . In this
study, the depth of invasion of all secondary ESD was
within the mucosa.
In previous reports, the curative resection rate for
[6,26,30]
residual gastric neoplasms was 92% to 100%
and curative resection rate for locally recurrent gastric
[26,28]
neoplasms was 76% (35/46) to 87% (13/15)
. In
this study, the en bloc and curative resection rates of
secondary ESD were 92.9% and 89.3%, respectively,
which were comparable with those reported previously
for secondary ESD. Two patients in the early salvage
ESD group had no residual tumor. Although, they
showed histological confirmation of positive lateral
margins of the initial ESD specimen, no residual lesion
was detected due to burning effects on the tissue by
electrosurgical unit.
Early and late salvage ESD, which were both
performed after histological confirmation of positive
lateral margins of the primary ESD specimen, did
not involve en bloc resection of the primary lesion.
Therefore, the risks of local recurrence and lymph
node metastasis resulting from piecemeal resection
were always taken into consideration. Hence, careful
surveillance after early and late salvage ESD is also very
important. In this study, there was no local recurrence
during the mean follow-up period in any patient who
received secondary ESD.
There is no consensus on the timing of salvage
ESD. Until now, there were few reports about the
[6,26,31]
feasibility and effectiveness of early salvage ESD
.
In this study, we compared the clinicopathologic factors
between early salvage ESD and late salvage ESD
and found no significant differences in procedure or
oncologic outcomes. However, further study about the
timing of salvage ESD will be needed.
Although this study was retrospective with a small
number of patients, this is the first study to report the
feasibility and safety of secondary ESD according to the
timing of ESD.
In conclusion, we found that secondary ESD appears
to be a feasible and curative treatment. When we
consider the morbidity of gastrectomy, secondary ESD
of residual or locally recurrent gastric neoplasms is a
good therapeutic option worth pursuing, although the
procedure time is longer and associated with higher
technical difficulty.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Endoscopic submucosal dissection (ESD) is an accepted curative treatment
option for gastric tumors with very low local recurrence. However, residual or
locally recurrent tumors occur rarely after ESD. Although secondary ESD is
technically demanding, it can be applied to residual or recurrent tumors with
scar and dense fibrotic submucosa. We investigated the feasibility and safety
of secondary ESD for gastric tumors. We also categorized secondary ESD into
three groups according to the surgical strategy (early salvage, late salvage, or
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late secondary ESD) and analyzed them.

Research motivation

8

There is no consensus on the timing of salvage ESD. Until now, there were few
reports about the feasibility and effectiveness of early salvage ESD.

Research objectives

To investigate the feasibility and safety of secondary ESD for residual or locally
recurrent gastric tumors.

9

Research methods

Between 2010 and 2017, 1623 consecutive patients underwent ESD for
gastric neoplasms at a single tertiary referral center. Among these, 28 patients
underwent secondary ESD for a residual or locally recurrent tumor. Our analysis
compared clinicopathologic factors between primary ESD and secondary ESD
groups.

10

Research results

The en bloc resection and curative rate of resection of secondary ESD were
92.9% and 89.3%. The average procedure time of secondary ESD was
significantly longer than primary ESD, and the adverse events rate was not
statistically different but trended slightly higher in the secondary ESD group
compared to the primary ESD group. Patients who received secondary ESD
had favorable outcomes without severe adverse events. During a mean followup period, no local recurrence occurred in patients who received secondary
ESD.

11

12

Research conclusions

Although it requires greater technical efficiency and longer procedure time,
secondary ESD of residual or locally recurrent gastric tumors appears to be
feasible and curative treatment.

13

Research perspectives

Secondary ESD of residual or locally recurrent gastric tumors is a feasible and
curative treatment.
14
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AIM
To develop a contrast-enhanced ultrasound (CEUS)
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predictive model for distinguishing intrahepatic cho
langiocarcinoma (ICC) from hepatocellular carcinoma
(HCC) in high-risk patients.
METHODS
This retrospective study consisted of 88 consecutive
high-risk patients with ICC and 88 high-risk patients with
HCC selected by propensity score matching between
May 2004 and July 2016. Patients were assigned to two
groups, namely, a training set and validation set, at a 1:1
ratio. A CEUS score for diagnosing ICC was generated
based on significant CEUS features. Then, a nomogram
based on the CEUS score was developed, integrating
the clinical data. The performance of the nomogram
was then validated and compared with that of the LR-M
of the CEUS Liver Imaging Reporting and Data System
(LI-RADS).

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a highly mali
gnant epithelial cancer originating from bile ducts with
[1]
cholangiocyte differentiation . In recent years, chronic
cirrhosis and viral hepatitis have been recognized as
[2]
important risk factors for ICC development . ICC has
[3]
been increasingly found in patients with cirrhosis ,
and distinguishing between ICC and hepatocellular
carcinoma (HCC) is a major clinical issue because the
management and prognosis of these conditions differ
[4]
significantly .
In recent years, the value of contrast-enhanced
ultrasound (CEUS) for distinguishing ICC from HCC has
[5]
been controversial. Vilana et al has pointed out that
ICC in cirrhosis shares a similar enhancement pattern to
that of HCC on CEUS (47.6%, 10/21), which may lead
to a false-positive diagnosis of HCC. Therefore, CEUS has
been eliminated from the HCC diagnostic flowchart in
the updated American Association for the Study of Liver
[6]
Diseases (AASLD) 2011 guidelines . This removal has
caused controversy and has not been widely accepted
[7-10]
in Europe or Asia
because the study by Vilana R
was only based on a rather small sample size without
differential diagnostic analysis of ICC versus HCC.
In 2016, the American College of Radiology (ACR)
released the CEUS Liver Imaging Reporting and Data
System® (LI-RADS®). The CEUS LI-RADS® standardizes
the CEUS diagnostic system for patients at risk for
developing HCC. In this system, the diagnosis of HCC
should be distinguished from that of not only benign
lesions (LR-1 or LR-2) but also other malignancies of
the liver, namely, LR-M. LR-M represents a category for
lesions that are definitely or probably malignant, and
their features are defined as rim enhancement and early
and/or marked washout. These features most closely
refer to the appearance of ICC. The CEUS LI-RADS® sets
the specific category of LR-M for distinguishing ICC from
HCC, but the diagnostic dilemma remains unresolved.
Additionally, no study has validated the performance of
LR-M as the differential diagnostic criterion for ICC and
HCC.
Since our first study in 2010, several studies have
assessed the usefulness of CEUS in the differentiation
[11-17]
of ICC and HCC
. Because ICCs are rare in cirrhotic
[17]
livers , only two of these studies were able to test
the performance of differential diagnosis from HCC
[15,16]
. Several reports indicated
in high-risk patients
that the typical rim-like hyperenhancement of ICC,

RESULTS
The most useful CEUS features for ICC were as follows:
rim enhancement (64.5%), early washout (91.9%),
intratumoral vein (58.1%), obscure boundary of intra
tumoral non-enhanced area (64.5%), and marked
washout (61.3%, all P < 0.05). In the validation set,
the area under the curve (AUC) of the CEUS score (AUC
= 0.953) for differentiation between ICC and HCC was
improved compared to the LI-RADS (AUC = 0.742) (P <
0.001). When clinical data were added, the CEUS score
nomogram was superior to the LI-RADS nomogram
(AUC: 0.973 vs 0.916, P = 0.036, Net Reclassification
Improvement: 0.077, Integrated Discrimination Index:
0.152). Subgroup analysis demonstrated that the CEUS
score model was notably improved compared to the LIRADS in tumors smaller than 5.0 cm (P < 0.05) but not
improved in tumors smaller than 3.0 cm (P > 0.05).
CONCLUSION
The CEUS predictive model for differentiation between
ICC and HCC in high-risk patients had improved discrimi
nation and clinical usefulness compared to the CEUS LIRADS.
Key words: Ultrasonography; Hepatocellular carcinoma;
Intrahepatic cholangiocarcinoma; Hepatitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A contrast-enhanced ultrasound (CEUS)
score for predicting intrahepatic cholangiocarcinoma
(ICC) consisting of more detailed CEUS features was
constructed. The diagnostic performance of the CEUS
score for differentiation between ICC and hepatocellular
carcinoma were improved compared to the LR-M of the
Liver Imaging Reporting and Data System (LI-RADS).
A CEUS score nomogram, which added the clinical risk
factors, was superior to the LI-RADS nomogram.
Chen LD, Ruan SM, Liang JY, Yang Z, Shen SL, Huang Y, Li W,
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From May 2004 to July 2016,
3318 pathologically confirmed focal liver lesion
underwent both baseline US and CEUS

Pathologically confirmed
diagnosis of ICC (n = 400)

Pathologically comfirmed
diagnosis of HCC (n = 2818)

Exluded
(1) Patients without chronic hepatitis
and cirrhosis (n = 237) or unaware of
hepatitis status (n = 60)
(2) Imaging data were missed (n = 15)

Pathologically confirmed
diagnosis of ICC (n = 88)

Exluded
(1) Patients without chronic hepatitis
and cirrhosis (n = 249) or unaware of
hepatitis status (n = 490)
(2) Imaging data were missed (n = 287)

Pathologically comfirmed
diagnosis of HCC (n = 1792)

Propensity score matching
(ICC:HCC = 1:1),
88 ICCs and 88 HCCs were analyzed

Training set
(n = 117)

Validation set
(n = 59)

Figure 1 Flowchart of the intrahepatic cholangiocarcinoma and hepatocellular carcinoma patient selection process. CEUS: Contrast-enhanced ultrasound;
HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.

recommended by the EFSUMB guideline, was observed
[16,18-20]
in 8.0% to 69.2% of high-risk patients
. The
time point for early washout was also defined within
40 s, 43 s or 60 s after contrast agent injection in three
[14-16]
different cohorts
. Unfortunately, the differentiation
criteria based on the above features varied greatly,
with the sensitivity ranging from 64.1% to 87.9% and
[15,16]
the specificity ranging from 17.9% to 97.4%
. The
inconsistency indicated that ICCs in high-risk patients
required further investigation from real-time CEUS,
especially in comparative studies with HCC using a
larger sample size.
In light of the abovementioned issues, we sought to
identify important imaging predictors of ICC on CEUS,
to develop a novel diagnostic nomogram incorporating
clinical, CEUS and laboratory characteristics that could
be used to accurately predict the risk of ICC in high-risk
patients and to compare the nomogram with modified
CEUS LI-RADS.

patients with HCC who underwent both baseline
ultrasound (US) and CEUS.
The inclusion criteria were (1) a pathologically
confirmed diagnosis of ICC or HCC and (2) high-risk
patients comprising patients with chronic hepatitis B
and/or hepatitis C infection confirmed via laboratory
[21]
tests
and cirrhosis of any cause confirmed by
pathological examination via liver biopsy or surgery.
The exclusion criteria included (1) mixed hepa
tocellular cholangiocarcinoma (n = 45) or (2) missing
imaging data (n = 302). Finally, 88 patients with ICC
and 1792 patients with HCC were included at baseline (to
match for the propensity score).
Propensity score matching was used to reduce the
effect of selection bias in retrospective observational
[22]
studies . The variables for matching were tumor
size and number of nodules. ICC and HCC patients
were then matched 1:1 using a three-digit matching
algorithm with the nearest modality.
The selection flow diagram for the study population
is presented in Figure 1.
Basic clinical data, including age and sex, were
recorded. Laboratory tests included hepatitis status,
alpha-fetoprotein (AFP) levels, and CA 19-9 levels.

MATERIALS AND METHODS
Patients

This study was approved by the institutional review
board, and informed consent was obtained from each
patient. From May 2004 to July 2016, we enrolled 400
consecutive patients with ICC and 2818 consecutive
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Obscure boundary of the tumor

Tumor capsue

Tumor supply artery

Rim enhancement

Intra-tumoral vein

Obscure boundary of the intra-tumoral
non-enhanced area

Peripheral circular artery

Marked washout

Figure 2 Contrast-enhanced ultrasound images demonstrate the enhancement features of intrahepatic cholangiocarcinoma and hepatocellular carcinoma.

dard of this study. Biopsy or surgical specimens of
the hepatic lesion were fixed with 10% formalin and
embedded in paraffin. The tissue slices were stained
with hematoxylin-eosin. The hematoxylin-eosin slices
were evaluated by a senior pathologist (Yang Z) who
had more than ten years of experience with liver cancer
and who was unaware of the results of any imaging or
clinical examination.

after contrast agent injection), portal venous (31-120 s)
and late phases (121-300 s).
Image analysis: All BUS and CEUS images were
anonymized, randomized, and independently reviewed
in two separate review sessions by two radiologists
(Chen LD and Liang JY), who both had at least ten years
of experience in liver CEUS. Neither the patient details
nor the clinical or pathological results were available to
them. In cases of discordance, a third investigator (Lu
MD, with at least 15 years of experience in liver CEUS)
reviewed the images to make the final decision. The
readers were simply asked to review the enhancement
appearances of the lesion instead of making a diagnosis.
Therefore, the readers were informed of the fact that all
patients had either ICC or HCC, but they were blinded
to the final diagnosis of the target lesion.
The features on CEUS were recorded and
characterized as follows (Figure 2): (1) The number of
lesions; (2) maximum diameter of the target lesion;
(3) shape of the target lesion; (4) boundary of the
lesion; (5) enhancement level in the arterial/portal/
late phase (hyper/iso-/hypo-); (6) enhancement
patterns of the lesion in the arterial phase (rim/
homogeneous/in homogeneous/others); (7) time to
enhanced commencement; (8) washout time (within
[23]
60 s or not) ; (9) duration of enhancement (washout
time- time to enhanced commencement); (10) tumor
supply artery (defined as an artery extending from
[24]
the surrounding liver parenchyma into the tumor) ;
(11) peripheral circular artery (defined as an annular

Imaging techniques: The US equipment was as
follows: (1) Acuson Sequoia 512 (Siemens Medical
Solutions, Mountain View, CA, United States) with a 4V1
vector transducer (frequency range, 1.0-4.0 MHz) and a
contrast-specific mode of contrast pulse sequencing; (2)
Aplio SSA-770 or Aplio 500 (Toshiba Medical Systems,
Tokyo, Japan) with a 375BT convex transducer
(frequency range, 1.9-6.0 MHz) and a Contrast
Harmonic Imaging mode; and (3) Aixplorer Ultrasound
system (SuperSonic Imagine, Aix-en-Provence, France)
equipped with the SC6-1 convex probe (frequency
range, 1.0-6.0 MHz). All examinations were separately
performed by three skilled radiologists (Wang W, Liang
JY, Xie YX) who each had at least 15 years of experience
in liver CEUS. First, the entire liver was scanned with
baseline ultrasound (BUS). Then, the imaging mode was
changed to CEUS, and a volume of 2.4 ml of SonoVue
(Bracco, Milan, Italy) was administered. For patients
with multiple nodules, only the largest lesion was
selected. The target lesion was observed continuously
for at least 5 min, and all imaging data were recorded.
The CEUS process was classified into arterial (6-30 s
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[24]

strip artery around the tumor in the arterial phase) ;
(12) tumor capsule (defined as an enhancement line
that surrounds the tumor during the portal venous
[25]
phase) ; (13) intratumoral vein (defined as straight
vessel branches extending through the mass during the
[12,26]
portal venous and late phase)
; (14) boundary of the
intratumoral non-enhanced area (if it was present); and
(15) marked washout (defined as the lesion appearing
as a uniform black defect within the enhanced liver
[23]
parenchyma) .

respect to discrimination, calibration, and clinical
usefulness and compared with the LI-RADS nomogram.
The improvement in the predictive accuracy of the
nomogram was evaluated by calculating the integrated
discrimination improvement (IDI) and the net
reclassification improvement (NRI). Subgroup analysis
was also performed based on the lesion size.

Statistical analysis

Statistical analysis was performed using R software (R
Foundation for Statistical Computing, version 3.2.5,
http://www.r-project.org/, Austria) and Medcalc (version
11.2, Mariakerke, Belgium). Significance was set at
a two-tailed P < 0.05. Computer-generated random
numbers were used to assign 2/3 of the patients to
the training dataset and 1/3 of the patients to the
validation dataset. The comparison of the clinical
characteristics was performed using the chi-square
test and independent t test for continuous variables. To
test the intra-observer variability of the enhancement
patterns, the intraclass correlation coefficient (ICC) was
calculated. The ICC was graded as follows: poor (<
0.20), moderate (0.20 to < 0.40), fair (0.40 to < 0.60),
good (0.60 to < 0.80) or very good (0.80 to 1.00).
The ROC curves were plotted to demonstrate
the performance of the CEUS score, LI-RADS, and
nomograms in discriminating ICC from HCC in the
training cohort, validation cohort and subgroups with
different lesion sizes. Discrimination was quantified
with the AUC. Calibration curves (i.e., agreement
between observed outcome frequencies and predicted
probabilities) were plotted to explore the predictive
[28]
accuracy of the nomograms . Decision curve analysis
(DCA) was conducted to determine the clinical usefulness
of the nomograms by quantifying the net benefits at
[29]
different threshold probabilities in the validation cohort .
The “glmnet” package of R was used for LASSO
regression. The “glm” function was used for univariate
and multivariate logistic regression analysis. The “Hmisc”
package was used to plot the nomogram. The “pROC”
package was used to plot the ROC curves and measure
the AUC. The “CalibrationCurves” package was used for
calibration curves. The “DecisionCurve” package was
used to perform DCA.

CEUS scoring through least absolute shrinkage and
selection operator in the training set

Because of the multicollinearity of the CEUS features,
we used a method of least absolute shrinkage and
[27]
selection operator (LASSO)
regularized regression
to select the most useful independent features for
predicting ICC in the training set. A CEUS score was
calculated for each patient via a linear combination of
selected features that were weighted by their respective
coefficients.

Diagnostic validation of CEUS score and comparison
with CEUS LI-RADS

The constructed CEUS score was first assessed in the
training set and then validated in the independent
validation set and subgroups with different lesion
sizes. The receiver operating characteristic (ROC)
for differential diagnosis between ICC and HCC was
analyzed by calculating the area under the curve (AUC)
and compared with the CEUS LI-RADS. According to the
CEUS LI-RADS, we classified the lesions as ICC using
the definition of LR-M: rim enhancement in the arterial
phase and/or early onset washout (< 60 s) and/or a
marked (punched out) appearance; other lesions were
defined as HCC.

Development of an individualized prediction model
using the CEUS score and CEUS LI-RADS

A nomogram was developed that integrated the CEUS
score and clinical information. Multivariable logistic
regression analysis began with the following clinical
candidate predictors: age, sex, AFP level, and CA 19-9
level. Backward stepwise selection was applied by
using the likelihood ratio test with Akaike’s information
criterion. To provide the clinician with a quantitative tool
to predict the individual probability of ICC, we built the
CEUS score nomogram on the basis of multivariable
logistic analysis in the training set.
With the same method, we also developed the LIRADS nomogram after combining the CEUS LI-RADS
and independent clinical predictors.

RESULTS
Patients

Eighty-eight ICC and 88 HCC nodules were observed,
and the study group comprised 176 nodules in 176
patients (136 men and 40 women; mean age ± SD,
55 years ± 11; range, 22-82 years) (Table 1). Hepatitis
B was confirmed in 84 (95.5%) ICC patients, as well
as in 86 (97.7%) HCC patients. Hepatitis B + C was
confirmed in 4 (4.5%) ICC patients, as well as in 2
(2.3%) HCC patients. Alpha-fetoprotein (AFP) was
elevated (> 20 µg/l) in 14 (15.9%) ICC patients and
40 (45.5%) HCC patients (P < 0.0001). CA19-9 was

Validation of the CEUS score nomogram

The constructed predictive model was first assessed in
the training set and then validated in the independent
validation set. The performance of the CEUS score
nomogram for predicting ICC was evaluated with
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Table 1 Demography of patients with intrahepatic cholangiocarcinoma or hepatocellular carcinoma n (%)
Training set (n = 117)

Characteristic
Number of patients
Gender
Male
Female
Age (yr)1
Hepatitis status
Hepatitis B
Hepatitis B + C
AFP > 20 (μg/L)
CA 19-9 > 35 (U/mL)
Nodule size
≤ 3.0 cm
3.1-5.0 cm
> 5.0 cm
Number of nodules
One
Multiple

Validation set (n = 59)

P value

ICC

HCC

ICC

HCC

56 (47.9)

61 (52.1)

32 (27.4)

27 (23.1)

35 (29.9)
21 (17.9)
55 ± 11 (32-84)

56 (47.9)
5 (4.3)
55 ± 11 (32-84)

24 (20.5)
8 (6.8)
53 ± 10 (18-76)

21 (17.9)
6 (5.1)
57 ± 11 (33-82)

53 (45.3)
3 (2.6)
11 (9.4)
22 (18.8)

59 (50.4)
2 (1.7)
29 (24.8)
6 (5.1)

31 (26.5)
1 (0.9)
3 (2.6)
15 (12.8)

27 (23.1)
0 (0)
11 (9.4)
3 (2.6)

5 (4.3)
9 (7.7)
42 (35.9)

9 (7.7)
17 (14.5)
35 (29.9)

2 (1.7)
8 (6.8)
22 (18.8)

3 (2.6)
6 (5.1)
18 (15.4)

39 (33.3)
17 (14.5)

42 (35.9)
19 (16.2)

25 (21.4)
7 (6.0)

24 (20.5)
3 (2.6)

0.425
0.148

0.646
0.627

0.655
0.691
0.782

0.156

1

Data are means ± SD, with ranges in parentheses. Unless otherwise indicated, data are number of nodules, with percentages in parentheses. ICC:
Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.

Table 2 Comparison and univariate analysis of contrast-enhanced ultrasound features between intrahepatic cholangiocarcinoma and
hepatocellular carcinoma n (%)
CEUS features
Irregular shape
Hyper-enhanced in arterial phase
Hypo/iso-enhanced in arterial phase
Hypo-enhanced in portal phase
Hypo-enhanced in late phase
Rim-enhancement
Early washout (< 60 s)
Duration of enhancement (< 30 s)
Tumor supply artery
Peripheral circular artery or tumor capsule
Intra-tumoral vein
Obscure boundary of tumor
Obscure boundary of intra-tumoral non-enhanced area
Marked washout

1

ICC (n = 62)

1

HCC (n = 55)

31 (50.0)
55 (88.7)
7 (11.3)
61 (98.4)
61 (98.4)
40 (64.5)
57 (91.9)
49 (79.0)
12 (19.4)
2 (3.2)
36 (58.1)
43 (69.4)
40 (64.5)
38 (61.3)

9 (16.4)
54 (98.2)
1 (1.8)
40 (72.7)
51 (92.7)
1 (1.8)
17 (30.9)
11 (20)
29 (52.7)
14 (25.5)
2 (3.6)
12 (21.8)
1 (1.8)
1 (1.8)

P value

OR

0.000
0.065
0.065
0.000
0.186
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

5.037
0.147
6.783
22.391
4.728
94.271
24.563
14.614
4.581
10.060
35.556
7.942
94.271
82.367

(95%CI)
(2.002, 13.786)
(0.003, 1.210)
(0.827, 314.886)
(3.206, 973.549)
(0.449, 239.097)
(14.202, 3946.676)
(8.022, 92.533)
(5.653, 41.160)
(1.904, 11.618)
(2.137, 95.937)
(8.118, 327.503)
(3.268, 20.550)
(14.202, 3946.676)
(12.448, 3454.264)

1

Data are number of cases, with percentages in parentheses. CEUS: Contrast-enhanced ultrasound; ICC: Intrahepatic cholangiocarcinoma; HCC:
Hepatocellular carcinoma; OR: Odds ratio.

elevated (> 35 U/ml) in 37 (42.0%) ICC patients and 9
(10.2%) HCC patients (P < 0.001). No difference in any
clinical characteristic was found between the training
dataset and the validation dataset (all P > 0.05).

intratumoral vein (36/62, 58.1%), obscure boundary of
tumor (43/62, 69.4%), obscure boundary of intratumoral
non-enhanced area (40/62, 64.5%), and marked
washout (38/62, 61.3%) (all P < 0.05) (Table 2).

CEUS features distinguishing ICC from HCC

CEUS scoring

The interobserver reproducibility of the CEUS features
assessment was high (Supplementary Table 1).
Therefore, all results were based on the records of the
first radiologist (Chen LD).
In the training set, the following features were
observed more frequently in ICC than in HCC: irregular
shape (31/62, 50.0%), hypo-enhancement in the portal
phase (61/62, 98.4%), rim enhancement (40/62,
64.5%), early washout (< 60 s, 57/62, 91.9%), short
duration of enhancement (< 30 s, 49/62, 79.0%),

WJG|www.wjgnet.com

The most useful CEUS independent variables selected
by LASSO regression in the training set were as
follows: rim enhancement in the arterial phase, rapid
washout within 60 s, intratumoral vein, boundary of the
intratumoral non-enhanced area and marked washout.
Then, a CEUS score for diagnosing ICC was constructed
based on the independent features as follows:
CEUS score = -1.3499017 + 1.2090675 × rim
enhancement + 0.4303147 × washout within 60 s +
0.2192697 × intratumoral vein + 0.9281196 × unclear
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Table 3 Comparison of the diagnostic performance of the contrast-enhanced ultrasound score vs contrast-enhanced ultrasound liver
imaging reporting and data system in distinguishing intrahepatic cholangiocarcinoma from hepatocellular carcinoma

Training set (n = 117)
CEUS LI-RADS
CEUS score
Validation set (n = 59)
CEUS LI-RADS
CEUS score
≤ 5.0 cm subgroup (n = 59)
CEUS LI-RADS
CEUS score
≤ 3.0 cm subgroup (n = 19)
CEUS LI-RADS
CEUS score

Sensitivity

Specificity

PPV

NPV

Accuracy

AUC

(95%CI)

P value

0.936
0.871

0.691
0.946

0.773
0.947

0.905
0.867

0.821
0.906

0.813
0.958

(0.744, 0.882)
(0.924, 0.993)

0.000

1.000
0.885

0.485
0.909

0.605
0.885

1.000
0.909

0.712
0.898

0.742
0.953

(0.656, 0.829)
(0.907, 0.999)

0.000

0.917
0.750

0.600
0.886

0.611
0.818

0.913
0.838

0.729
0.831

0.758
0.902

(0.658, 0.858)
(0.824, 0.980)

0.000

0.857
0.571

0.750
0.917

0.667
0.800

0.900
0.786

0.790
0.790

0.804
0.833

(0.614, 0.993)
(0.636, 1.000)

0.512

Numbers are raw data. P values were CEUS Score vs CEUS LI-RADS. CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data
system; ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area
under the ROC curve.

Table 4 Univariate and multivariate logistic regression of independent variables in the prediction of intrahepatic cholangiocarcinoma
Factors

Univariate analysis

Gender (female)
Age (yr)
> 40
> 50
AFP (mg/L) > 20
CA199 (U/mL) > 35
CEUS score

Multivariate analysis

OR (95%CI)

P value

OR (95%CI)

P value

0.149 (0.046, 0.403)

< 0.001

0.190 (0.034,0.908)

0.044

0.786 (0.220, 2.618)
1.630 (0.778, 3.450)
0.331 (0.148, 0.717)
10.577 (4.152, 31.070)
12.188 (5.475, 37.787)

0.696
0.197
0.006
< 0.001
< 0.001

NA
NA
0.508 (0.107, 2.212)
5.352 (1.108, 30.336)
14.078 (5.608, 52.831)

NA
NA
0.370
0.043
< 0.001

Numbers in parentheses are raw data, with 95%CI in parentheses. ICC: Intrahepatic cholangiocarcinoma; OR: Odds ratio; NA: Not available; AFP: Alphafetoprotein; CEUS: Contrast-enhanced ultrasound.

boundary of the intratumoral non-enhanced area +
1.1565281 × marked washout.

the CEUS score were integrated to develop a CEUS
score nomogram. A CEUS LI-RADS nomogram was also
constructed integrating sex, CA 19-9, and the CEUS LIRADS classification (Figure 3).

Diagnostic performance of the CEUS score

In the training and validation sets, the ROC analysis
demonstrated that the AUCs of the CEUS score for
differentiation between ICC and HCC were 0.958 and
0.953, respectively. The CEUS score showed significantly
higher discriminative performance than CEUS LI-RADS
(AUC = 0.742-0.813, P < 0.001) (Table 3).
Subgroup analysis in the validation set was also
performed based on the tumor size. For tumors ≤ 5.0
cm, the AUC of the CEUS score (0.902) was much
higher than that of the LI-RADS (0.758, P < 0.001).
However, in tumors smaller than 3.0 cm, the AUC of the
CEUS score was not improved compared with that of
the LI-RADS (P > 0.05) (Table 3).

Discrimination of the CEUS score nomogram: The
AUCs of the CEUS score nomogram in the training and
validation sets were 0.971 and 0.973, respectively,
which were statistically improved compared with the
AUCs of the LI-RADS nomogram (AUC = 0.891-0.916,
P < 0.05). Relative to the LI-RADS nomogram, the
use of the CEUS score nomogram resulted in an NRI
of 0.077 (P = 0.488) and an IDI of 0.152 (P = 0.006)
in distinguishing ICC from HCC in the validation cohort
(Table 5).
The results of the subanalysis in the validation
set based on the tumor size demonstrated that the
diagnostic performance of the CEUS score nomogram
(AUC = 0.929) was far superior to that of the LI-RADS
nomogram (AUC = 0.835) in differentiating a ≤ 5.0 cm
ICC from HCC (P = 0.008). The use of the CEUS score
nomogram resulted in an NRI of 0.382 (P = 0.017)
and an IDI of 0.177 (P = 0.002) compared to the LIRADS nomogram. However, in distinguishing tumors
under 3 cm, the AUC, NRI, and IDI of the CEUS score

The CEUS score nomogram with clinical risk factors
added

Among the clinical data, the selected independent
variables for the prediction of ICC by multivariate regre
ssion analysis were sex (OR: 0.190, 95%CI: 0.034 0.908, P = 0.044) and CA 19-9 (OR: 5.352, 95%CI:
1.108-30.336, P = 0.043) (Table 4). Sex, CA 19-9, and
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Figure 3 Contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram for intrahepatic cholangiocarcinoma
prediction. A: Constructed contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram; B: ROC curves for the two
nomograms in the training and validation set; C: ROC curves for the two nomograms in ≤ 5.0 cm and ≤ 3.0 cm subgroup analysis. CEUS: Contrast-enhanced
ultrasound; LI-RADS: Liver imaging reporting and data system; ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.

patients strategy or the treat-none strategy (Figure 5).

nomogram did not show statistical improvements over
the LI-RADS nomogram (all P < 0.05, Table 5).

DISCUSSION

Calibration for the CEUS score nomogram: The
calibration plots of the CEUS score nomogram and LIRADS nomogram applied in the validation cohort are
shown in Figure 4. The CEUS score nomogram showed
good agreement on the presence of ICC between the
prediction and histopathological confirmation on surgical
specimens. We found that the CEUS score nomogram
had minimum errors (E max = 0.160) compared to the
LI-RADS nomogram (E max = 0.282) in the validation
set, which was consistent in tumors under ≤ 5.0 cm
(E max: 0.075 vs 0.119). This indicated the smallest
difference in the predicted and calibrated probabilities
when using the CEUS score nomogram to predict the
probability of ICC. However, in distinguishing tumors
under 3.0 cm, the E max of the LI-RADS nomogram (E
max = 0.098) was lower than that of the CEUS score
nomogram (E max = 0.121).

This study extends the analysis of individual specific
CEUS features to a predictive model-based differential
diagnosis approach. A multifeature-based CEUS
diagnostic tool was identified to be an independent
factor for ICC in patients at high risk of HCC in this
study, with incremental value to LR-M in the LI-RADS
classification. The predictive model performed better
than the LR-M of the LI-RADS system in identifying ICC,
which thoroughly demonstrated the incremental value
of the predictive model for individualized ICC predictions
in high-risk patients.
The differentiation between ICC and HCC in highrisk patients has been a challenging issue for the
identification of HCC in focal liver lesions. Since the
[5]
study by Vilana et al , which directed extensive
attention to the diagnosis of ICC in high-risk patients,
several studies have found some useful features for
identifying ICC other than rim enhancement in the
[20]
arterial phase. Galassi et al
found that the degree
of washout intensity in the late phase was marked in
[15,18]
24% of ICCs (n = 6). Li et al
found that 26 out of
33 ICCs (78.8%) demonstrated both early washout (<
60 s) and marked washout in the late part of the portal
phase, whereas only 6 of 50 HCCs (12.0%) showed

Clinical usefulness of the CEUS score nomogram:
In both the training and validation sets, the DCA showed
that the CEUS score nomogram had the highest overall
net benefit compared with the LI-RADS nomogram at
different threshold probabilities across the majority of
the range between 0% and 95%, and the CEUS score
nomogram was more beneficial than the treat-all-
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Table 5 Comparison of the AUC, NRI and IDI of the contrast-enhanced ultrasound score nomogram vs contrast-enhanced
ultrasound liver imaging reporting and data system nomogram in distinguishing intrahepatic cholangiocarcinoma from hepatocellular
carcinoma

Training set (n = 117)
CEUS LI-RADS nomogram
CEUS score nomogram
Validation set (n = 59)
CEUS LI-RADS nomogram
CEUS score nomogram
≤ 5.0 cm subgroup (n = 59)
CEUS LI-RADS nomogram
CEUS score nomogram
≤ 3.0 cm subgroup (n = 19)
CEUS LI-RADS nomogram
CEUS score nomogram

AUC

(95%CI)

P value

NRI

(95%CI)

P value

IDI

(95%CI)

P value

0.891
0.971

(0.834, 0.948)
(0.948, 0.995)

< 0.001

0.446

(0.263, 0.629)

< 0.001

0.210

(0.140, 0.280)

< 0.001

0.916
0.973

(0.854, 0.978)
(0.941, 1.000)

0.036

0.077

(-0.141, 0.295)

0.488

0.152

(0.044, 0.260)

0.006

0.835
0.929

(0.744, 0.926)
(0.870, 0.988)

0.008

0.382

(0.069, 0.695)

0.017

0.177

(0.065, 0.289)

0.002

0.881
0.905

(0.732, 1.000)
(0.772, 1.000)

0.601

-0.202

(-0.572, 0.167)

0.283

-0.117

(-0.284, 0.050)

0.171

Numbers are raw data. P values were CEUS Score nomogram vs CEUS LI-RADS nomogram. AUC: Area under the ROC curve; NRI: Net reclassification
improvement; IDI: Integrated discriminatory improvement; CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data system;
ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.
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Figure 4 Calibration plots of the contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram applied in the
training (A), validation cohort (B), as well as ≤ 5.0 cm (C) and ≤ 3.0 cm subgroup (D). CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting
and data system.

these temporal enhancement features (P = 0.000).
[14]
Kong et al
found that 70% of ICCs (7/10) showed
more rapid washout than HCCs (P < 0.05). However,
these studies depicted diverse incidence rates or
sensitivities of a single feature due to small numbers of
cases. The diagnostic performance and weight of these
features are unknown.
To harmonize the interpretation of CEUS with that
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of CT and MR, the CEUS LI-RADS® system was officially
[23]
released by the ACR in 2016 . Although the category
of LR-M in the CEUS LI-RADS® represents various
non-HCC malignant liver cancers, the most common
malignancy aside from HCC in patients at risk for HCC
[30]
is ICC . As shown in our study, the sensitivity of
LR-M achieved 100.0% when LR-M was used as the
diagnostic criterion for ICC, which was in accordance

3794

September 7, 2018|Volume 24|Issue 33|

Chen LD et al . Differentiation of intrahepatic cholangiocarcinoma
Training set
CEUS score
LI-RADS
None
All

0.5
Net benefit

0.4
0.3
0.2

B

Validation set

0.4
0.3
0.2

0.1

0.1

0.0

0.0
0.0

0.2

0.4

0.6

0.8

Threshold probability

1.0

CEUS score
LI-RADS
None
All

0.5
Net benefit

A

0.0

0.2

0.4

0.6

0.8

1.0

Threshold probability

Figure 5 Decision curve analysis of the contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram in the
training (A) and validation cohort (B). CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data system.

CEUS LI-RADS for individualized precise predictions of
ICC in high-risk patients. Furthermore, we incorporated
clinical risk factors into the CEUS score to construct
a predictive model, which may be more applicable in
clinical practice. The discriminative performance of the
CEUS score nomogram was also better than that of the
LI-RADS nomogram.
We performed subgroup analysis according to the
tumor size and found that the CEUS score significantly
improved the discriminative performance in the ≤ 5.0
cm subgroup compared to the LI-RADS. However, the
discriminative performance did not improve in the ≤
3.0 cm subgroup. This may be because small ICCs lack
specific enhancement characteristics selected by LASSO
regression. Since the NRI and IDI were decreased in
the ≤ 3.0 cm lesions, the LI-RADS nomogram was
superior to the CEUS score nomogram for small lesions,
while the CEUS score nomogram was recommended for
lesions larger than 3.0 cm.
Our study has several limitations. First, we did not
enroll all focal liver lesions to validate the diagnostic
accuracy of the CEUS LI-RADS. The main purpose of
this study was to refine the CEUS diagnostic algorithm
for ICC in high-risk patients, so we only selected
patients with ICC or HCC. The readers did not know
the purpose of the study and were only asked to
record CEUS features. Therefore, the design and
process of this study are reasonable. Second, this is a
retrospective study. Prospective studies are mandatory
in our future work. Third, the study focused on highrisk patients with chronic hepatitis B or hepatitis C or
cirrhosis. As a result, only 88 high-risk patients with ICC
were evaluable for the purpose of the study, and this
decreased the strength of the study. Fourth, specimens
from liver biopsy or surgery and selection of HCC group
could affect the present result. Fifth, we analyzed the
records on radiologist. This will increase the subjectivity
of the study. Finally, we did not compare the diagnostic
performance of CEUS with that of MRI/CT. Because
of the large number of patients in our hospital, the
delay phase scanning of MRI/CT was not performed
routinely for each patient with a liver lesion. As a result,

with the purpose of this category to preserve a high
sensitivity for the detection of malignancy. However, the
specificity was low (48.5%-69.1%), and that alone was
insufficient for a reliable differentiation between ICC
and HCC. Differentiating between ICC and HCC remains
challenging. A more detailed definition of ICC might
help resolve this dilemma.
In our study, we selected five specific features of
ICC by LASSO regression, which is useful for addressing
the collinearity between parameters. In addition to
the tumor enhancement patterns of arterial phase rim
enhancement, rapid washout, and marked washout
proposed by the CEUS LI-RADS, we categorized two
other features as tumor growth patterns and vascular
invasion patterns. The boundary of the non-enhanced
area in the tumor is different between ICC and HCC
if the boundary is present. The non-enhanced area in
ICC represents abundant fibrous tissue in the center
[31]
of the tumor . The border between fibrous tissue
and peripheral tumor cells is obscured due to the
infiltrative tumor growth of ICC, which arises from
[32]
cholangiocytes . However, the non-enhancing area in
HCC represents necrosis, and thus, the border between
[33]
necrosis and the enhanced tumor area is sharp . For
vascular invasion patterns, an intratumoral vessel is a
characteristic of ICC. This feature is relatively frequent
[34]
[35]
in CT scans . Nishibori et al
have postulated that
the tumor does not directly invade the portal vein but
that the vein is extrinsically compressed by the tumor.
On the other hand, portal vein tumor thrombosis is
[36,37]
specific for HCC
.
Another advantage of LASSO regression analysis in
this study was that we could assign each feature a weight
score to construct a predictive model for predicting ICC,
as individualized work-up and management is often
[38]
essential . Since the specificity of LI-RADS was low,
we integrated the above specific features to optimize
the diagnostic criterion, which fully considered both
sensitivity and specificity. The diagnostic performance
of the CEUS score was improved compared with that of
the LR-M of CEUS LI-RADS. With much higher specificity,
the predictive model may have incremental value to the
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Research conclusions

the comparison was not achieved due to the missing
information of the delay phase, which was crucial for
the differentiation of ICC and HCC by MRI/CT. This is a
relevant limitation of the study given that MRI/CT scans
must be performed in clinical practice according to
international guidelines.
In conclusion, we developed a CEUS predictive
model for predicting ICC in high-risk patients with
improved discriminative accuracy compared to the LR-M
of the CEUS LI-RADS in tumors larger than 3.0 cm.
This tool may serve as a useful supplement to the CEUS
LI-RADS and further improve the diagnostic efficiency
of CEUS. For small tumors, the CEUS LI-RADS is
recommended. A large prospective trial is necessary to
confirm the conclusion.

A CEUS score for predicting ICC consisted of more detailed CEUS features
(rim enhancement, early washout, intratumoral vein, obscure boundary of
intratumoral non-enhanced area, and marked washout) was constructed.
The diagnostic performance of the CEUS score (AUC = 0.953) for
differentiation between ICC and HCC was improved compared to the LR-M of
LI-RADS (AUC = 0.742) (P < 0.001). A CEUS score nomogram that added the
clinical risk factors was superior to the LI-RADS nomogram (AUC: 0.973 vs
0.916, P = 0.036, NRI: 0.077, IDI: 0.152). The CEUS score predictive model
was notably improved compared to the LI-RADS in ≤ 5.0 cm tumors (P < 0.05)
but not improved in tumors ≤ 3.0 cm (P > 0.05).

Research perspectives

The CEUS predictive model for differentiation between ICC and HCC in highrisk patients had improved discrimination and clinical usefulness compared to
the CEUS LI-RADS.
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Abstract

Liu B, Wu DS, Cao PK, Wang YZ, Wang WJ, Wang W, Chang
HY, Li D, Li X, Hertzanu Y, Li YL. Percutaneous transhepatic
extraction and balloon dilation for simultaneous gallbladder
stones and common bile duct stones: A novel technique. World J
Gastroenterol 2018; 24(33): 3799-3805 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i33/3799.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i33.3799

AIM
To evaluate the clinical efficacy and safety of an
innovative percutaneous transhepatic extraction and
balloon dilation (PTEBD) technique for clearance of
gallbladder stones in patients with concomitant stones
in the common bile duct (CBD).
METHODS
The data from 17 consecutive patients who underwent
PTEBD for clearance of gallbladder stones were
retrospectively analyzed. After removal of the CBD
stones by percutaneous transhepatic balloon dilation
(PTBD), the gallbladder stones were extracted to the
CBD and pushed into the duodenum with a balloon
after dilation of the sphincter of Oddi. Large stones
were fragmented using a metallic basket. The patients
were monitored for immediate adverse events including
hemorrhage, perforation, pancreatitis, and cholangitis.
During the two-year follow-up, they were monitored
for stone recurrence, reflux cholangitis, and other longterm adverse events.

INTRODUCTION
Gallstones constitute a significant health issue, affecting
10% to 15% of the adult population in developed
[1,2]
societies
and approximately 13% of the Chinese
[3]
population . Gallstones cause pain and discomfort in
the right upper abdomen and are associated with other
symptoms such as nausea, vomiting, and postprandial
fullness, which can seriously affect a patient’s quality
of life. In the United States, 20 to 25 million patients
are newly diagnosed with gallstones each year, and the
medical expenses for the prevention and treatment of
[1]
gallstone disease reach almost $62 billion annually .
The goal of treatment is to resolve ongoing infections,
thereby preventing recurrent cholecystitis, subsequ
ent cholangitis, hepatic fibrosis, and progression to
[4]
cholangiocarcinoma .
Approximately 15% of patients with gallbladder
stones have concomitant common bile duct (CBD)
[5]
stones . Open exploration of the CBD was historically
the therapeutic option for patients with CBD stones.
During recent decades, endoscopic retrograde
cholangiopancreatography (ERCP) with endoscopic
sphincterotomy (EST) has gained wide acceptance as
an effective and minimally invasive alternative. After
ERCP/EST, gallbladder stones must be removed through
open cholecystectomy, laparoscopic cholecystectomy,
or percutaneous cholecystolithotomy. Whether removal
of CBD stones should be followed by cholecystectomy
to prevent recurrent symptoms has long been debated.
Recent prospective randomized trials have indicated
[6]
benefits of subsequent cholecystectomy .
However, some older patients have pulmonary or
cardiac comorbidities and cannot tolerate the risk of
general anesthesia with tracheal intubation, ERCP/EST,
or surgery. Therefore, for treatment of this subgroup, we
aimed to evaluate the clinical efficacy of an innovative
percutaneous transhepatic extraction and balloon dilation
(PTEBD) following percutaneous transhepatic balloon
dilation (PTBD).

RESULTS
Gallbladder stones were successfully removed in 16
(94.1%) patients. PTEBD was repeated in one patient.
The mean hospitalization duration was 15.9 ± 2.2 d.
Biliary duct infection and hemorrhage occurred in one
(5.9%) patient. No severe adverse events, including
pancreatitis or perforation of the gastrointestinal
or biliary tract occurred. Neither gallbladder stone
recurrence nor refluxing cholangitis had occurred two
years after the procedure.
CONCLUSION
Sequential PTBD and PTEBD are safe and effective for
patients with simultaneous gallbladder and CBD stones.
These techniques provide a new therapeutic approach
for certain subgroups of patients in whom endoscopic
retrograde cholangiopancreatography/endoscopic
sphincterotomy or surgery is not appropriate.
Key words: Common bile duct; Gallstones; Removing;
Percutaneous; Balloon
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Simultaneous gallbladder and common bile
duct stones present a challenge in certain subgroups
of patients with pulmonary or cardiac comorbidities
who cannot tolerate the risk of general anesthesia
with tracheal intubation, endoscopic retrograde
cholangiopancreatography/endoscopic sphincterotomy,
or surgery. For these patients, sequential percutaneous
transhepatic balloon dilation and percutaneous
transhepatic extraction and balloon dilation, providing
a path with compliance and only requiring intravenous
anesthesia, could be a safe and effective procedure.
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MATERIALS AND METHODS
From December 2013 to June 2014, 17 consecutive
patients with 35 simultaneous gallbladder and CBD
stones (demonstrated by ultrasonography, computed
tomography, or magnetic resonance cholangiopan
creatography) underwent PTEBD after percutaneous
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(TBIL), direct bilirubin (DBIL), albumin (ALB) and serum
amylase were obtained using routine laboratory tests.
Inclusion criteria were: (1) Concomitant gallbladder
and CBD stones with symptoms of acute cholangitis,
pancreatitis, or cholecystitis; (2) inability to tolerate
or refusal to undergo general anesthesia with tracheal
intubation, ERCP/EST, or surgery because of cardiac or
lung insufficiency; (3) ERCP/EST not possible due to
prior Billroth II surgery; (4) leukocyte count ≥ 4.0 ×
9
9
10 /L, platelet count ≥ 60 × 10 /L, and hemoglobin
concentration ≥ 100 g/L; (5) predicted life span of ≥ 6
mo; and (6) Karnofsky score > 70.
Exclusion criteria were: (1) Concomitant intrahepatic
bile duct stones; (2) severe cardiac insufficiency (New
York Heart Association class III-IV) or advanced lung
disease (determined by consultation with respiratory
disease specialists), liver disease (Child-Pugh class C),
or kidney disease (grade 3 chronic kidney disease); or
(3) severe coagulopathy (prothrombin time > 17 s or
9
platelet count ≤ 60 × 10 /L).

Table 1 Patient and treatment characteristics
Characteristic
No. of patients
Gender
Female
Male
Comorbidity
Emphysema
Pulmonary insufficiency
Coronary artery disease
Cardiac insufficiency
Hypoproteinemia
Number of PTEBD procedures
One
Two
Diameter of stones
< 10 mm
10-20 mm
≥ 20 mm
Types of stones
Cholesterol stone
Mixed stone
Bilirubin stone

n (%)
17
7 (41.2)
10 (58.8)
3 (17.6)
5 (29.4)
3 (17.6)
5 (29.4)
1 (6.0)
16 (94.1)
1 (5.9)
10 (28.6)
21 (60.0)
4 (11.4)
16 (45.7)
15 (42.9)
4 (11.4)

Percutaneous CBD stone removal: PTBD

The intrahepatic bile duct was punctured (Figure 1)
using conventional percutaneous transhepatic cholangiod
rainage with aseptic technique under ultrasonographic
and fluoroscopic guidance and intravenous general
anesthesia. Cholangiography revealed the number, size,
and location of the CBD stones. Balloons (Cristal Balloon;
Balt Extrusion, Montmorency, France) sized appropriately
for the diameter of the CBD and stones were then
introduced crossing the stones using a 0.035-inchdiameter guide wire (Radifocus Guidewire M; Terumo
Medical Corporation, Tokyo, Japan), and the sphincter
of Oddi was gradually and intermittently dilated (Figure
[7]
2) . The sphincter could be dilated to a maximum of
22 mm. The empty balloon was then withdrawn above
the stones, inflated, and used to push the stones into
the duodenum through the sphincter of Oddi (Figure
[8,9]
3) . An 8.5-Fr catheter (COOK Medical, Bloomington,
IN 47404, United States) was placed in the CBD for
drainage and cholangiography in case of residual stones.

Figure 1 Puncture of the bile duct, and cholangiography showing the
number, size, and location of simultaneous gallbladder and common bile
duct stones.

CBD stone removal in our hospital (Table 1). The hospital
ethics committee approved this prospective study, and all
patients provided written informed consent.
The study included ten men and seven women
aged 51 to 79 years with a mean age of 65.8 ± 8.9
years old. All patients suffered from pulmonary or
cardiac comorbidities such as emphysema, pulmonary
insufficiency, coronary artery disease, cardiac
insufficiency, or other conditions that lowered their
tolerance for general anesthesia with tracheal intubation,
EST, or surgery. Gallbladder and CBD stone diameters
ranged from 0.6-2.2 cm. Ten (28.6%) stones were
< 10 mm, twenty-one (60%) ranged from 10-20
mm, and four (11.4%) were > 20 mm. Six patients
(35.3%) were admitted with acute cholecystitis, nine
(52.9%) with acute cholangitis, and two (11.8%) with
pancreatitis. PTEBD was repeated in one patient because
of overlooked stones. Laboratory values, including WBC
count, aspartate aminotransferase (AST), total bilirubin

WJG|www.wjgnet.com

Percutaneous clearance of gallbladder stones: PTEBD

One week after PTBD, contrast was injected through the
CBD catheter to perform cholangiography, identifying
the anatomic characteristics of the bile duct tree and
if there was any residual CBD stones. If yes, PTBD
was performed again. If no, a guide wire and a 4-Fr
single-angle catheter (Terumo Medical Corporation,
Tokyo, Japan) were introduced through the previous
transhepatic tract into the gallbladder through the cystic
duct in sequence. Cholangiography revealed the number,
size, and location of the gallbladder stones (Figure 4A).
Large stones were extracted to the CBD with a basket
(Olympus, Japan) and then pushed into the duodenum
using PTBD (Figure 4B). Sandy stones could be aspirated
through a guiding catheter (Launcher, Medtronic,
Minneapolis, MN, United States) (Figure 4C). An 8.5-Fr
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Figure 2 Sequential dilation of the sphincter of Oddi with an 8 mm × 60 mm and a 14 mm × 40 mm balloon.

A

B

Figure 3 Empty balloon was then withdrawn above the stones, inflated, and used to push the stones into the duodenum through the sphincter of Oddi. A:
The empty balloon was withdrawn above the common bile duct stones (white arrow) and then re-inflated. B: The common bile duct stones (white arrow) were pushed
into the duodenum through the dilated sphincter of Oddi.

drainage catheter was placed in the gallbladder and
removed after two weeks without residual stones.

0.05 was considered statistically significant.

RESULTS

Outcome measures

A total of 35 gallbladder stones were successfully
removed by PTEBD in 16 (94.1%) of the 17 patients.
PTEBD was repeated in one patient. The mean hospita
lization duration was 15.9 ± 2.2 d.
The diameter of ten stones (28.6%) was smaller
than 10 mm, twenty-one stones (60.0%) ranged from
10-20 mm, and four stones (11.4%) were larger than
20 mm. Sixteen stones (45.7%) were cholesterol type,
four (11.4%) were bilirubin type, and fifteen (42.9%)
were mixed type.
The concentrations of AST, TBIL, DBIL and WBC
count declined markedly after PTBD and PTEBD.
The differences in these indexes before PTBD, one
week after PTBD, and one week after PTEBD were all
significant (P < 0.01). In contrast, ALB concentration
significantly increased after PTBD and PTEBD (Table 2).
One (5.9%) of the seventeen patients developed
a high fever (39.5 ℃) and shivering. Escherichia coli
was found in the bile, and a biliary duct infection
was confirmed. Another patient developed bile duct
hemorrhage and recovered after treatment with 1000 IU
of reptilase and drainage clamping. No severe adverse

Outcomes recorded included postoperative hospital
stay, success rate, causes of failure, and procedurerelated complications. The AST, TBIL, DBIL, ALB, serum
amylase concentrations, and WBC count were recorded
before the procedure and at one week and one month
after the procedure. Short-term adverse events, such
as biliary duct infection, hemorrhage, pancreatitis,
and gastrointestinal and biliary duct perforation were
assessed before discharging. Ultrasonography, computed
tomography, or magnetic resonance cholangiopancrea
tography were performed at 1, 3, 6, 9, 12, 18 and 24 mo
after the procedure. Refluxing cholangitis, and recurrence
of gallbladder or CBD stones, considered as long-term
complications, were monitored for two years.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics 24.0. Categorical variables were presented
as number and percentage. Continuous data were
presented as mean ± standard deviation. We used
paired t-tests for the same indexes before and after the
procedure in the same patient. A P value of less than
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Table 2 Relevant variables before and one week after percutaneous transhepatic balloon dilation and one week after percutaneous
transhepatic extraction and balloon dilation
Item
AST (U/L)
TBIL (µmol/L)
DBIL (µmol/L)
WBC (× 109/L)
ALB (g/L)

Before PTBD

One week after PTBD

One week after PTEBD

128.1 ± 47.7
169.0 ± 56.6
110.6 ± 40.3
16.5 ± 2.6
21.4 ± 4.9

42.7 ± 23.1a
62.8 ± 21.5a
36.5 ± 12.1a
11.2 ± 2.1a
32.5 ± 3.2a

23.5 ± 10.1ab
16.1 ± 8.8ab
11.8 ± 8.0ab
7.3 ± 1.6ab
37.6 ± 3.1ab

a

P < 0.01 compared with parameters before PTBD; bP < 0.01 compared with parameters one week after PTBD. AST: Aspartate aminotransferase; TBIL:
Total bilirubin; DBIL: Direct bilirubin; WBC: White blood cell; ALB: Albumin; PTBD: Percutaneous transhepatic balloon dilation: PTEBD: Percutaneous
transhepatic extraction and balloon dilation.

A

B

C

Figure 4 Percutaneous clearance of gallbladder stones. A: Sequential introduction of a guidewire and 4-Fr single-angle catheter into the gallbladder through
the cystic duct, and cholangiography showing the number, size, and location of the gallbladder stones (white arrow); B: Capture of stones in a metallic basket; C:
Aspiration of sandy stones out of the body through a guide catheter.

events occurred during the perioperative period, including
pancreatitis or perforation of the gastrointestinal or biliary
duct. Neither recurrence of gallbladder or CBD stones
nor refluxing cholangitis had occurred two years after the
procedure.

late adverse events such as refluxing cholangitis and
recurrence of gallbladder and CBD stones is lower than
[14-17]
that after EST
.
Theoretically, gallstones can be treated either
surgically or nonsurgically after PTBD. In fact, only
cholesterol gallstones can be treated without surgery.
With a functioning gallbladder, cholesterol gallstones
will dissolve slowly when ingestion of ursodiol or
[18]
chenodiol induces the secretion of unsaturated bile .
Stone dissolution could be enhanced by increasing the
surface area of the stone via extracorporeal shock wave
lithotripsy, which fragments stones rapidly and safely,
accelerating their dissolution rate. Some organic solvents
such as methyl tert-butyl ether can be instilled into the
gallbladder through a catheter via either a percutaneous
transhepatic or endoscopic approach, which also dissolves
[19]
the stones rapidly . However, gallstones will eventually
recur in about 50% of patients who undergo these
nonsurgical treatments because the gallbladder is left
in place and the fundamental pathogenic abnormalities
[20]
are not corrected . Compared with surgery (open or
laparoscopic cholecystectomy) or nonsurgical medication,
PTEBD has the advantages of being less invasive, being
well tolerated by patients, and having a lower recurrence
rate.
Several key points of PTBD and PTEBD should be
addressed: (1) usually puncture of the right front hepatic
duct is recommended to obtain a more compliant

DISCUSSION
Several different methods for management of simul
taneous gallbladder and CBD stones have been proposed
[4-6]
and are currently in clinical use . Furthermore, since
the introduction of laparoscopic cholecystectomy, the
frequency of preoperative removal of CBD stones by
[10]
ERCP/EST has increased . However, certain subgroups
of patients cannot tolerate or refuse to undergo general
anesthesia with tracheal intubation, ERCP/EST, or surgery
due to insufficient pulmonary or cardiac function. In other
patients, prior Billroth II surgery causes overwhelming
obstacles for endoscopy, preventing subsequent ERCP/
EST.
Percutaneous transhepatic papillary dilation was
reported to be a safe and effective procedure for CBD
[11-13]
stone removal
. The present study indicates that
PTBD and PTEBD are safe and effective and have a
low incidence of biliary duct infection and hemorrhage
without causing pancreatitis or perforation of the
gastrointestinal or biliary duct. Furthermore, because
the sphincter of Oddi is preserved, the incidence of
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count declined markedly after PTBD and PTEBD. The differences in these
indexes before PTBD, one week after PTBD, and one week after PTEBD were
all significant. In contrast, ALB concentration significantly increased after PTBD
and PTEBD. No severe adverse events, including pancreatitis or perforation
of the gastrointestinal or biliary duct occurred during the perioperative period.
Neither recurrence of gallbladder or CBD stones nor refluxing cholangitis had
occurred two years after the procedure.

operating tract; (2) a stiff guide wire is necessary along
the puncture tract, bile duct, duodenum, and jejunum
for improved balloon support; (3) the sphincter of
Oddi should be gradually and intermittently dilated
to a maximum diameter of 22 mm to avoid tearing;
(4) baskets should be applied for fragmentation of
large stones (> 10 mm); (5) aspiration through a
guide catheter is usually effective for sandy stones
in the gallbladder; and (6) postoperative drainage
decompresses the bile duct and decreases the incidence
of pancreatitis.
Our study has two main limitations. First, as a pilot
study, the number of patients was small. Second, this
treatment method is devised for a specific subset of
patients in which it has been well tested.
In conclusion, our data indicate that sequential
PTBD and PTEBD is a safe, feasible, and effective
treatment option for simultaneous gallbladder and CBD
stones. It is an innovative alternative procedure for a
subgroup of patients who cannot tolerate the risk of
general anesthesia. Larger studies and generalizability
of the results to more widespread populations will be
investigated in the future.

Research conclusions

As our data indicate, sequential PTBD and PTEBD is a safe, feasible, and
effective treatment option for simultaneous gallbladder and CBD stones. It is an
innovative alternative procedure for a subgroup of patients who cannot tolerate
the risk of general anesthesia.

Research perspectives

In the future, larger studies and generalizability of the results to more
widespread populations will be investigated.
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Neurofibromatosis type 1 (NF-1) is commonly associ
ated with benign or malignant tumors in both the
central and peripheral nervous systems. However,
rare cases of NF-1-associated multiple rectal
neuroendocrine tumors have been reported. This report
describes a case of a 39 year old female with NF-1
and intermittent hematochezia as a primary symptom.
Physical examination showed multiple subcutaneous
nodules and café au lait spots with obvious scoliosis
of the back. Imaging examinations and colonoscopy
found malformation of the left external iliac vein and
multiple gray-yellow nodules with varying sizes and
shapes in the rectal submucosal layer. Histological
and immunohistochemical results suggested multiple
rectal neuroendocrine tumors, a rare disease with
few appreciable symptoms and a particularly poor
prognosis. The patient with NF-1 presented here had
not only multiple rectal neuroendocrine neoplasms
but also vascular malformations, scoliosis and other
multiple system lesions. This case therefore contributes
to improving clinical understanding, diagnosis and
treatment of related complications for patients with
NF-1 who present with associated medical conditions.
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abdominal pain, diarrhea, skin flushes, etc. The
patient had suffered from a slightly curved spinal
column since childhood, with the abnormal curvature
becoming noticeable 13 years prior. Systemic skin
pimples then occurred gradually without pain or itching.
Physical examination showed multiple hemispherical
subcutaneous nodules with varying sizes and with
soft and clear boundaries on the chest and abdomen.
There were coffee pigment spots with varied sizes
and colors between these nodules, with a maximal
size of 3 cm × 2 cm (Figure 1A). The patient’s father
also had definitive NF-1. Blood examination showed
the hemoglobin level of the patient was 101 g/L,
with no other abnormalities. Computed tomography
and magnetic resonance imaging (MRI) of the
chest revealed enlarged mediastinal lymph nodes,
dermatologic nodules with long T1 and T2 values,
uniform densities, clear boundaries, diameters of < 10
mm (Figure 1B), thoracolumbar scoliosis and thoracic
deformities (Figure 1C-D). A pelvic MRI detected
segmental thickening of the right external iliac vein,
with a thickness of 27.4 mm and a sausage-like
appearance (Figure 2). The middle and lower rectal
mucosae were irregularly thickened, with 26.5 mm at
the widest point and an irregular signal with long T1 and
slightly longer T2 values. Obvious uneven enhancement
was noted in the post-contrast arterial phase, while
separation and necrosis were visible in parts. These
presentations suggested a diagnosis of multiple rectal
lesions (Figure 3A and B). No obvious abnormalities
were noted in the computed tomography of the head.
Colonoscopy revealed multiple yellow-white nodular
uplifts under the rectal mucosa at approximately 1-10
cm from the anal verge. These uplifts varied between
0.3-2.5 cm in diameter and presented with a patchy
distribution. The lesion involved the entire rectal lumen
(Figure 3C and D). The uplifted surface was smooth but
congestive, and blood vessels were apparent on the
surface of the nodules under the narrow-band imaging
(Figure 3E). Endoscopic ultrasound revealed multiple
hypoechoic lesions in the mucosa and submucosa,
with enlarged lymph nodes in the outer membrane
(Figure 3F). Pathohistological and immunohistochemical
examinations (n = 10) at many sites from rectal
samples showed that tumor cells were present in the
lesions and mutually linked to form cord, nest, or
gland-like structures. The tumor cells were round, oval
or columnar, of varying sizes, with round nuclei, and
without obvious mitosis. Cells were CD117 (-), CD56
(+), CK (+), CgA (+), Syn (+), and TTF-1 (-), with a
Ki-67 index of < 2%, thus supporting the diagnosis of
a grade 1 rectal neuroendocrine tumor (Figure 4A-B).
Specimens from many nodules were taken throughout
the body and were examined by pathohistology and
immunohistochemistry. The subdermal nerve fibers
were in a disordered arrangement, and the cells were
elongated, spindle-shaped and oddly distributed in the
light-stained collagen matrix. Immune staining revealed
CD34 (+) and S-100 (+) expression, deep and S-shaped

Core tip: Neurofibromatosis type 1 (NF-1) is commonly
complicated with either benign or malignant tumors
in both the central and peripheral nervous systems.
However, there are rare reported cases of NF-1
associated with multiple rectal neuroendocrine tumors.
This study reports a case of a 39 year old female NF-1
patient with not only multiple rectal neuroendocrine
neoplasms but also vascular malformations and scoliosis.
Xie R, Fu KI, Chen SM, Tuo BG, Wu HC. Neurofibromatosis
type 1-associated multiple rectal neuroendocrine tumors: A case
report and review of the literature. World J Gastroenterol 2018;
24(33): 3806-3812 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i33/3806.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i33.3806

INTRODUCTION
Neurofibromatosis (NF) is an autosomal dominant
genetic disorder that includes three subtypes: type 1 NF
[1,2]
(NF-1), type 2 NF, and schwannoma . Approximately
50% of patients have a family history. The incidence
rate of NF-1 is approximately 1/3000-1/4000, and it is
associated with a pathogenic mutation on chromosome
[3]
17q11.2 . Physiologically, the disease is characterized
by abnormal skin pigmentation (i.e., milk coffee spots),
Lisch nodules, and multiple skin nodules. NF could affect
many tissues and organs, including the peripheral and
[4,5]
central nervous systems, bones, and internal organs .
Previous studies have reported that NF-1 can lead to
Ras pathway abnormalities, which may also result in
peripheral neurilemmomas, central nervous system
tumors, stromal tumors, neuroendocrine tumors, and
[6-8]
other benign and malignant tumors . However, the
incidence of NF-1 in combination with gastrointestinal
neuroendocrine tumor is less than two percent.
Neuroendocrine tumors are commonly found in the
[9-12]
duodenum and pancreas
and usually present as a
single malignant lesion. Multiple rectal neuroendocrine
tumors are particularly rare, with diverse and nonspecific clinical symptoms. Common symptoms include
changes in bowel habits, hematochezia, and abdominal
pain, which are similar to those of more common
rectal diseases such as hemorrhoids, rectal polyps,
and colorectal cancers, thus complicating the accuracy
[13]
of disease diagnosis . Our department has received
and treated a patient diagnosed with NF-1 that was
combined with multiple rectal neuroendocrine tumors,
vascular malformations, and scoliosis.

CASE REPORT
A 39 year old woman was admitted to our department
because of intermittent bloody stools without vomiting,
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by abnormal ectodermal development that results in
peripheral and central nervous system impairment. This
disease has a 68.6% and 31.4% likelihood of maternal
and paternal heritability, respectively. The etiology of
NF-1 is not fully understood. NF-1 is currently considered
to be related to gene mutations, hormones, telomerase,
angiogenic factors, tumor microenvironment, electro
physiological changes and other factors related to
[7]
tumor promotion . Neurofilament, encoded by the
NF-1 gene, is a negative regulator of the Ras pathway,
and the GAP-related domains encoded by exons 21-27
are homologous to the GTPase-activating protein family.
This protein may convert the active form of Ras-GTP
into the inactive form of Ras-GDP, thereby inhibiting
the activation of Ras and its downstream signaling
pathways including Raf-MEK-ERK and Paf-MAPK-PI3-K/
[6,7]
Akt . Therefore, patients with an NF-1 mutation
could present with complications such as spinal mal
formations, vascular malformations, and benign and
malignant tumors in both the central and peripheral
nervous systems due to excessive Ras pathway
activation. The clinical symptoms are diverse, complex
and difficult to treat. Neuroendocrine tumors refer to
a group of heterogeneous tumors that originate from
neuroendocrine cells. They grow slowly with malignant
potential and can occur in multiple systems throughout
the body, although they are most commonly found in
[14]
the gastrointestinal tract . Clinical data confirmed
that approximately two percent of patients diagnosed
with NF-1 also have neuroendocrine tumors, which
may be related to Ras-PI3K over-activation that leads
[15]
to an imbalance of rapamycin (mTOR) expression .
The case presented in this report contradicts previous
studies claiming that complicated neuroendocrine
tumors are commonly located in the region around the
[9-12]
ampulla of the duodenum and pancreas
. There are
very few cases of NF-1 that are associated with multiple
rectal neuroendocrine tumors. Rectal neuroendocrine
neoplasms (NENs) are often derived from peptidergic
neurons and neuroendocrine cells of the rectal mucosal
epithelium, and are often divided into functional or non[16]
functional types . The clinical symptoms of functional
NENs are most often related to peptides and hormones
secreted from the primary site, while non-functional
NENs have no specific clinical symptoms. Imaging,
endoscopic ultrasound and biopsy are used as the main
diagnostic methods for non-functional NENs.
Clinically, the rectal neuroendocrine tumors are
mostly non-functional. In addition, rectal neuroendocrine
tumors are usually single-onset, with only two to
four percent being multiple-onset. Previous research
suggests that the MEN1 (neuroendocrine tumor) gene,
PI3-K/AKT, Raf/MEK/ERK, Notch, GSK-3β and other
signaling pathways may be involved in the occurrence
[17]
and metastasis of multiple rectal tumors . We have
summarized the relevant literature in the past 20 years
and found that only one case, combined with NF-1 in 14
cases, reports of multiple rectal neuroendocrine tumors

Figure 1 Patient skin changes and spinal deformities. A: Patient presented
with multiple subcutaneous nodules and café au lait spots; B: MRI detected
multiple nodules with uniform densities and clear boundaries that were visible
on the chest and abdomen (white arrow); C: Scoliosis was noted at the spinal
column; D: MRI identified scoliosis and thoracic deformity. MRI: Magnetic
resonance imaging.
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27.
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Figure 2 Imaging of left external iliac vein malformation in the patient.
A: MRI sagittal image of the left iliac vein; B: MRI coronal image of the left
iliac vein (red dotted line marking the widest point of the vein, measuring
approximately 27.4 mm). MRI: Magnetic resonance imaging.

nuclei, and scattered mast cells. These pathological
features corresponded to a diagnosis of type Ⅰ
neurofibromatosis (Figure 4C-E). This patient had
multiple rectal neuroendocrine tumors with a diameter
> 20 mm. The probability of lymph node metastasis
and distant metastasis was considered to be very high.
Surgical intervention was advised, however the patient
rejected surgery and favored surveillance by regular
follow-ups every 3-6 mo.

DISCUSSION
NF-1 is an autosomal dominant genetic disorder caused

WJG|www.wjgnet.com

3808

September 7, 2018|Volume 24|Issue 33|

Xie R et al . NF-1 with multiple rectal neuroendocrine tumors

A

.5

26

B

C

E

F

mm

D

25.5 mm

Figure 3 Imaging, endoscopy and endoscopy ultrasonographic findings of multiple rectal neuroendocrine tumors in the patient. A and B: Magnetic
resonance imaging (red dotted line marking the widest point of the tumors, measuring approximately 26.5 mm); C and D: Endoscopic manifestations; E: Blood vessels
were apparent on the surface of the nodules under the NBI (neuroendocrine tumors marked by the white arrow); F: Endoscopic ultrasonography of the multiple rectal
neuroendocrine tumors (red dotted line marking the widest point of the tumors, measuring approximately 25.5 mm). NBI: Narrow-band imaging.
[18-26]

[26]

surgical treatment. In addition, in light of the malignant
tendency and metastasis of most gastrointestinal NENs,
in addition to surgery, rectal neuroendocrine tumors
require a combination of multidisciplinary and multiple
interventions. For example, somatostatin analogs and
molecular targeting drugs like sunitinib and everolimus
inhibit tumor growth, are anti-angiogenic, and have been
successfully applied in clinical applications. Additionally,
the chemotherapeutic drug streptozocin, as well as
similar types of temozolomides, have certain effects on
patients who have failed with standardized treatments
of neuroendocrine carcinomas. In recent years, peptide
receptor-mediated radio receptor therapy has proven
to have a definite effect on alleviating symptoms and
shrinking tumors, however its severe side effects
restrict its use and promotion. Although the long-term
effects of the aforementioned adjuvant therapies are
still not fully confirmed, multidisciplinary and multisystem combination therapy is an inevitable trend in
the treatment of neuroendocrine tumors. However,
the patient rejected surgery and so the pathological
data are therefore not available in this case. The risk of
malignancy and metastasis in this patient is very high,
and she should receive regular follow-ups every 3-6 mo.
In addition to rectal neuroendocrine tumors, the
patient also presented with malformations of the
external iliac veins and the spinal column. A pelvic MRI
revealed segmental thickening of the right external iliac
vein, which was nearly double the normal diameter

(Table 1)
. Moreover, compared with Ghassemi ’
s case report in 2010, the number of rectal endocrine
tumors in our patient significant increased (n > 30),
and the lesions were more widely spread over the
entire lumen of the rectum. The tumor size was also
unprecedented. According to the data in Table 1, most
rectal endocrine tumor diameters were between 4-10
mm, while the largest tumor diameter in this case
measured up to 25 mm, with the deepest lesion invading
into the submucosa. Clinical evidence revealed that the
diameters of rectal endocrine tumors are greater than 20
mm, the rate of lymph node metastasis may be as high
as 60%-80%, and the rate of distant metastasis can
[27,28]
reach up to 40%
. Surgical resection is considered
to be the most appropriate treatment. Common surgical
methods include endoscopic submucosal dissection,
endoscopic mucosal resection, transanal endoscopic
microsurgery, anterior resection and abdominoperineal
resection. The choice of surgical methods depends on
the size of the tumor, the depth of invasion, the regional
lymph node, the distant metastasis and the malignancy
grade of the tumor. The 2010 guide for the diagnosis and
treatment of rectal neuroendocrine cancer suggested
that endoscopic resection or endoscopic dissection was
the first choice for rectal carcinoids that had lower levels
of malignancy with sizes of no more than 2 cm in the
mucosal or submucosal layers. However, cases with
tumors > 2 cm in diameter that show intravascular
myometrium infiltration and vascular metastasis require
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Table 1 Summary of multiple rectal carcinoid case reports
Case
Kato et al[18]
Maruyama et al[19]
Okamoto et al[20]
Haraguchi et al[21]
Sasou et al[22]
Zhou et al[23]
Park et al[24]

Hua et al[25]
Ghassemi et al[26]

Sex

Age

Number

Size (mm)

The depth of
invasion

Lymph node
metastasis

Histological
stage

Treatment

Complicated
with NF-1

M
M
M
M
M
M
M
M
M
F
M
F
F
F

61
52
54
69
51
58
47
52
32
65
62
48
61
53

52
5
4
30
7
3
3
2
3
3
2
2
12
6

1-6
4-10
<6
< 10
<8
<7
5-8
4
5-7
5-7
5
NA
3-10
2-3

SM
M3
SM
SM
SM
M3
SM
SM
SM
SM
SM
SM
SM
SM

NA
No
NA
Yes
Yes
Yes
No
No
No
No
No
No
No
No

NA
NA
NA
NA
G1
G2
G1
G1
G1
NA
G1
G1
G1
G1

NA
AR
ESMR-L
APR
APR
AR
TEM
ESMR-L
ESMR-L
EMR
ESMR-L
ESMR-L
TEM
NA

No
No
No
No
No
No
No
No
No
No
No
No
No
Yes

APR: Abdominoperineal resection; AR: Anterior resection; ESMR-L: Endoscopic submucosal resection with a ligation device; EMR: Endoscopic mucosal
resection; TEM: Transmission electron microscope; SM: Submucosa; M3: Mina muscularismiucosae.

A

C

B

D

E

Figure 4 Immunohistochemical results of skin neurofibromatosis and multiple rectal neuroendocrine tumors. A: HE staining of multiple rectal neuroendocrine
tumors (× 200); B: CgA staining pattern of multiple rectal neuroendocrine tumors (× 200); C: HE staining of the skin neurofibromatosis (× 200); D and E: S-100 and
CD34 staining patterns of skin neurofibromatosis (× 200). HE: Hematoxylin and eosin.

this is the first case of NF-1 that is complicated with
abdominal iliac vein malformation. Previous studies have
suggested that vascular dysplasia may be associated
with mutations in the NF-1 gene, which may lead to
dysregulated vascular development in the mesoderm.
Concentric growth, rupture of elastic fibers, and nodule
hyperplasia occur in the intima of blood vessels.
The reduction of smooth muscle, decrease in elastic
components in the media, and increase in brittleness
of the vessel wall are all observed, ultimately leading
to thinning of the blood vessel wall, poor elasticity,
and formation of a large number of sinus cavities in
[29,30]
the diseased tissue, which can cause bleeding
.
Currently, the preferred treatment for vascular malfor

and showed a sausage-like appearance. However,
there was no obvious stenosis below the venous
expansion, suggesting a congenital deformity instead
of a compensatory increase caused by stenosis.
Neurofibromatosis is associated with a one to three
percent risk of vascular lesions. The lesions can affect
varying sizes of blood vessels and present as stenosis,
occlusions, hemorrhages, aneurysms, arteriovenous
malformations and arteriovenous fistulas. The renal
artery is the most vulnerable blood vessel, followed
by the superior mesenteric artery, intracranial artery,
[29]
cardiovascular, etc . NF-1 patients often present
with hypertension or arteriovenous malformations and
bleeding prior to definitive diagnosis. To our knowledge,
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widest point and an irregular signal with long T1 and slightly longer T2 values.

mations includes symptomatic treatment, surgical
resection or other surgical interventions. However, no
clinical symptoms can be observed in this patient, and
follow-up observations can be continued. Conversely,
both the patient and her daughter were diagnosed
with scoliosis during childhood, which supported the
possibility of heredity. Scoliosis is a common clinical
manifestation of NF-1, with 10%-33% of children
[31]
simultaneously diagnosed with NF-1 and scoliosis
.
The incidence of scoliosis in adult patients with NF-1
[32]
has been reported to be between 10%-77% . The
pathogenesis of NF-1-associated spinal deformity is not
yet clear and may encompass several factors, including
the direct erosion of neurofibroma, dural dilatation of
the spinal canal, osteoporosis, precocious puberty, and
[31,32]
mesoderm dysplasia
. Patients with scoliosis may
also develop lung damage as time progresses. Surgical
correction of NF-1-related spinal deformities may
improve the clinical curative effect.
In summary, this case suggests that an NF-1
diagnosis may be complicated by multiple system
diseases. The clinical symptoms are complex, nonspecific, and not easily identified. We thus need to
develop individualized treatment based on the different
symptoms of NF-1 patients. Although surgical and
symptomatic treatments are currently preferred
for multiple rectal neuroendocrine tumors, patients
often require multi-system and multi-disciplinary
comprehensive treatment. It is necessary to formulate
the most appropriate intervention based on individual
complications, with the comprehensive application of
various technologies and inspection methods, in order
to reduce the psychological burden on patients and
improve overall quality of life.

Pathological diagnosis

Pathohistological and immunohistochemical examinations showed that
neuroendocrine tumor cells were present in the lesions and mutually linked to
form cord, nest, or gland-like structures. The tumor cells were round, oval or
columnar, of varying sizes, with round nuclei, and without obvious mitosis. Cells
were CD117 (-), CD56 (+), CK (+), CgA (+), Syn (+), and TTF-1 (-), with a Ki-67
index of < 2%. The subdermal nerve fibers were in a disordered arrangement,
and the cells were elongated, spindle-shaped and oddly distributed in the lightstained collagen matrix. Immune staining revealed CD34 (+) and S-100 (+)
expression, deep and S-shaped nuclei, and scattered mast cells.

Treatment

Surgical intervention was advised, however the patient rejected surgery and
favored surveillance by regular follow-ups every 3-6 mo.

Related reports

Neuroendocrine tumors are commonly found in the duodenum and pancreas,
and rare cases of NF-1-associated multiple rectal neuroendocrine tumors have
been reported. We have summarized the relevant literature in the past 20 years
and found that only one case, combined with NF-1 in 14 cases, reports of rectal
multiple neuroendocrine tumors. In addition, this is the first case where NF-1 is
complicated by abdominal iliac vein malformation.

Term explanation

Rectal neuroendocrine neoplasms (NENs) are often derived from peptidergic
neurons and neuroendocrine cells of the rectal mucosal epithelium, and are
often divided into functional and non-functional types. Non-functional NENs
have no specific clinical symptoms. Imaging, endoscopic ultrasound and biopsy
are used as the main diagnostic methods for non-functional NENs.

Experiences and lessons

NF-1 diagnosis may be complicated by multiple system diseases. The clinical
symptoms are complex, non-specific, and not easily identified. We need to
develop individualized treatment based on the different symptoms of NF-1
patients. Although surgical and symptomatic treatments are currently preferred
for multiple rectal neuroendocrine tumors, patients often require multi-system
and multi-disciplinary comprehensive treatment.
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Cirrhosis is an increasing cause of morbidity and mortality.
Recent studies are trying to clarify the role of microbiome
in clinical exacerbation of patients with decompensated
cirrhosis. Nowadays, it is accepted that patients with
cirrhosis have altered salivary and enteric microbiome,
characterized by the presence of dysbiosis. This altered
microbiome along with small bowel bacterial overgrowth,
through translocation across the gut, is associated with
the development of decompensating complications.
Studies have analyzed the correlation of certain bacterial
families with the development of hepatic encephalopathy
in cirrhotics. In general, stool and saliva dysbiosis with
reduction of autochthonous bacteria in patients with
cirrhosis incites changes in bacterial defenses and higher
risk for bacterial infections, such as spontaneous bac
terial peritonitis, and sepsis. Gut microbiome has even
been associated with oncogenic pathways and under
circumstances might promote the development of hepa
tocarcinogenesis. Lately, the existence of the oral-gutliver axis has been related with the development of
decompensating events. This link between the liver and
the oral cavity could be via the gut through impaired
intestinal permeability that allows direct translocation of
bacteria from the oral cavity to the systemic circulation.
Overall, the contribution of the microbiome to patho
genesis becomes more pronounced with progressive dis
ease and therefore may represent an important therapeutic
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target in the management of cirrhosis.

and performs specific metabolic and functional path
[8]
ways . Using culture-independent techniques, which
analyze the DNA extracted directly from a sample,
allow us to investigate several aspects of microbial
[7]
communities, their causative or modulatory roles .
The challenge in microbiome analysis concerns the re
lation between differences in community composition
to differences in function, therefore identify the human
microbiome as a biomarker for specific clinical con
[9]
ditions .

Key words: Microbiome; Dysbiosis; Oral-gut-liver axis;
Hepatic encephalopathy; Decompensated cirrhosis; Liver
carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
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Core tip: Human microbiome of the oral-gut-liver axis is
implicated in the progression of hepatic diseases and the
development of decompensated events. Its significance
over diagnostic, prognostic and therapeutic possibilities
drives a new era in the management of patients with
cirrhosis.

ALTERED MICROBIOME IN PATIENTS
WITH CIRRHOSIS
A few studies tried to map the human microbiome of
patients with advanced liver diseases. Data regarding
decompensated cirrhotic patients are far more scarce.
A first comprehensive view into the intestinal micro
biome of patients with cirrhosis showed that the fecal
microbial composition of patients with cirrhosis is distinct
from healthy controls. Patients presented with preva
lence of potentially pathogenic bacteria, such as Entero
bacteriaceae Veillonellaceae and Streptococcaceae,
which had a positive correlation with CTP score. Proteo
bacteria and Fusobacteria were highly enriched along
with the reduction of beneficial populations such as
Lachnospiraceae which correlated negatively with CTP
[10]
score . A next analysis of stool microbiome conducted
in cirrhotics showed that the composition differed signif
[11]
icantly .
[12]
Bajaj et al
studied 54 decompensated cirrhotic
patients and proposed the cirrhosis dysbiosis ratio (CDR),
ratio of autochthonous to non-autochthonous taxa, as
a tool to estimate dysbiosis in cirrhotics. Microbiota and
CDR were relatively stable over time within patients
whose disease remained unchanged and altered when
the underlying disease worsened. CDR for controls was
significantly higher compared to all cirrhotic patients.
[13]
In 2014 Qin et al analyzed data regarding the gut
microbiome of patients with cirrhosis and reported two
principal findings; patients with cirrhosis had altered
gut microbiome profile compared to healthy controls,
and most (54%) of the patient-enriched species were of
buccal origin, suggesting a massive invasion of the gut
by oral bacterial species from the mouth, responsible for
this change of the gut microbiota seen in cirrhosis. These
findings established new perspectives over the role of
oral-gut-liver axis in patients with cirrhosis.
Accordingly, a further evaluation of the salivary and
stool microbiome in decompensated cirrhotic patients
showed dysbiosis represented by reduction in auto
[14]
chthonous bacteria, both in saliva and stool samples .
This was related to impaired salivary defenses and worse
salivary and systemic inflammation, more prominent in
patients with HE. Patients with cirrhosis had a significantly
lower relative abundance of autochthonous taxa (Lachno
spiraceae, Ruminococcaceae, and Clostridiales XIV)
and significantly lower stool cirrhosis dysbiosis ratio

Oikonomou T, Papatheodoridis GV, Samarkos M, Goulis I,
Cholongitas E. Clinical impact of microbiome in patients
with decompensated cirrhosis. World J Gastroenterol 2018;
24(34): 3813-3820 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i34/3813.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i34.3813

INTRODUCTION
Cirrhosis is an increasing cause of morbidity and mortality
th
in more developed countries, being the 14 most
[1]
common cause of death worldwide . Decompensated
disease has an annual mortality rate of 57%, and acute
[1]
decompensating events present mortality of 30% .
Traditionally, clinicians use models to triage patients
with advanced liver diseases; Model for End stage
Liver Disease (MELD) and Child-Pugh (CTP) scores
have been validated and provide significant prognostic
[2,3]
information .
In the era of advanced molecular techniques, human
microbiome is being studied for the pathogenesis and
[4]
superior prognostication of decompensated patients .
The microbial imbalance or dysbiosis that occurs in
the gut in patients with cirrhosis has recently been
linked with complications of cirrhosis, including hepatic
encephalopathy (HE), spontaneous bacterial peritonitis
[5]
(SBP), and sepsis .
At least for the last decade, it is known that the
gut flora contributes in the pathogenesis of cirrhosis’
complications, regarding the development of infections
[6]
or the hyperdynamic circulatory state of cirrhosis . Here,
we reviewed data regarding the role of microbiome in
clinical exacerbation of patients with decompensated
cirrhosis.

HUMAN MICROBIOME
Human microbiome stands the community of bacteria,
archaea, fungi, and viruses which are found and interact
[7]
within a body habitat, such as oral cavity or gut . It is
characterized by its diversity and microbial abundance
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(Lachnospiraceae + Ruminococcaceae + Clostridiales
Incertae Sedis XIV + Veillonelllaceae/Enterobacteriaceae
+ Bacteroidaceae) and salivary microbiota dysbiosis ratio
(Lachnospiraceae + Ruminococcaceae + Clostridiales
[14]
[15]
Incertae Sedis XIV/Streptococcaceae) . Chen et al ,
showed that even the duodenal mucosa microbiota in
cirrhotic patients is dramatically different from healthy
controls, possibly in accordance with alterations of oral
microbiota and changes in duodenal micro-environment.
Veillonella, Prevotella, Neisseria, and Haemophilus, found
to be the most discriminative taxa between cirrhosis and
controls.
Dysbiosis of the oral microbiota was present in pa
tients with chronic liver disease; i.e., chronic hepatitis
B and hepatitis B related cirrhosis. One correspondent
study supported that the higher proportion of Firmicutes
than of Bacteroidetes organisms is responsible for the
weak oral defenses that contributes to the breakdown
of oral defenses and invasion of the gut. So, dysbiosis
was introduced as inversion of the Firmicutes/Bacte
[16]
roidetes ratio . Lately, oral microbiome was cha
racterized by significant dysbiosis in cirrhotic patients
with hepatocellular carcinoma (HCC), suggesting that
certain key bacterial species may characterize patients’
[17]
microbiota . Overall, these findings suggest new po
tential prognostic and therapeutic targets.

of pathogenic and pro-inflammatory members of the
[22]
microbiome . Moreover, dysbiosis seems to co-exist
with small intestinal bacterial overgrowth (SIBO) related
to delayed intestinal transit and the development of
[23]
cirrhotic complications . Overall, intestinal dysbiosis
is established in decompensated liver disease. This
was found to represent a condition of reduced relative
abundance of taxa considered benign and autochthonous,
including Lachnospiraceae, Ruminococcaceae, and
Clostridialies Incertae Sedis XIV and a relatively higher
abundance of others, particularly Enterobacteriaceae and
[12,14,16]
Bacteroidaceae
.
Portal hypertension, alterations in the intestinal
microbiota, inflammation and oxidative stress can affect
intestine barrier function, which becomes more per
[24]
meable . Eventually, pathologically increased BT from
the gut to mesenteric lymph nodes arise in cirrhosis as
an interplay of microbiome, deficiencies in secretory and
mechanical intestinal barrier functions along with immune
tolerant and deficient gut-associated lymphatic tissue.
Small intestine has been suggested as the predominant
site of BT in cirrhosis and SIBO has the greatest potential
[25]
for promoting BT .
More recent data raise implications on buccal origin of
the gut microbiome supporting the emerging role of oral[26]
liver-gut axis in decompensated cirrhosis . Generally,
oral dysbiosis has been correlated with local and distal
infections, postulating that a baseline for the healthy
core oral microbiota provides an opportunity to examine
[27]
shifts during the onset and recurrence of disease .
Research findings imply a link between dental infections
and accelerated progression of liver diseases trying
to understand the clinical significance of oral-derived
[28]
endotoxemia/bacteremia in the course of liver disease .
A first study on omeprazole in compensated cirrhotics
showed that gastric acid suppression allows intestinal
overgrowth of bacteria normally present in the oral
cavity and implicated a link between the gut microbiota
[29]
changes and complications of cirrhosis . Later, Bajaj
[14]
et al
found that dysbiosis, represented by reduction
in autochthonous bacteria, is present in both saliva and
stool in patients with cirrhosis. The major change of the
gut microbiota was considered to stem from a massive
[13]
invasion of the gut by oral bacterial species . This link
between the liver and the oral cavity could be via the gut
through impaired intestinal permeability that in turn could
allow direct translocation of bacteria and/or their products
and inflammatory mediators from the oral cavity to
[26]
the systemic circulation . Patients with cirrhosis
have salivary and enteric dysbiosis along with small
bowel bacterial overgrowth, and translocation across
the leaky gut. The latter is exacerbated by underlying
portal hypertension and endothelial dysfunction and is
associated with the development of decompensating
[4]
complications (Figure 1).

PATHOPHYSIOLOGY: THE ROLE OF
MICROBIOME OVER THE ORAL-GUTLIVER AXIS
Published research findings reveal implications of the
altered microbiome in the progress of liver diseases.
The microbiome determines likelihood and rate of pro
gression of liver injury, complications of cirrhosis and
[18]
ultimately outcome . The principal theory highlights
the role of the gut-liver axis in the development and
progression of cirrhosis and portal hypertension; bacterial
translocation (BT) from the intestine reaches the liver
and increases portal pressure, while, on the other hand,
portal hypertension leads to intestinal edema, disruption
[19]
of epithelial integrity and more translocation .
The microbiome has been considered the ‘‘core
facility” for the production of a myriade of bacterial
metabolites and products to which the gut-vascular
barrier and each member of the gut-liver-axis are
[20]
exposed . Cirrhotic patients are exposed to a higher
risk of dysbiosis because of a variety of pathological inter
actions between the liver and the gastrointestinal tract.
Alteration in intestinal motility, higher gastric pH and
reduced bile acid concentration in the colon, may lead to
[21]
a failure in the control of bacterial intestinal growth .
During progression of cirrhosis, the microbiome, th
rough their metabolism, cell wall components (LPS)
and translocation, leads to inflammation. Inflammation
suppresses synthesis of bile acids in liver supporting a
positive-feedback mechanism. Decrease in bile acids
entering the intestines appears to favor overgrowth
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MICROBIOME
Considering its key role in bacterial translocation, gut
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Salivary microbiome
dysbiosis

Altered intestinal motility
Higher gastric acid PH
Lower bile acids
Gut microbiome
dysbiosis

Bacterial intestinal
overgrowth

Bacterial
translocation

Decompensating
events: HE, ascites,
SPB, infections, ACLF
and HCC

Leaky gut on PH and
endothelial dysfunction

Figure 1 Pathophysiological mechanism showing the role of microbiome over the oral-gut-liver axis. (Arrows imply the successive steps over the
pathophysiology of complications.) PH: Portal hypertension; HE: Hepatic encephalopathy; SBP: Spontaneous bacterial peritonitis; ACLF: Acute-on-chronic liver failure;
HCC: Hepatocellular carcinoma.
[31]

microbiome has been implicated in the pathogenesis
of complications on the course of decompensated cir
[21]
rhosis . This culminates in systemic inflammation and
endotoxemia, which induces innate immune dysfunction
predisposing to infection, and development of acute
conditions, such as hemorrhage, sepsis, and hepatic
[4]
encephalopathy .

controls and cirrhotics without HE .
Salivary and gut microbiome dysbiosis along with
small bowel bacterial overgrowth and translocation of
bacteria and their products across the leaky gut epithelial
barrier underpin the endotoxemia and systemic inflam
matory response that predispose to the manifestation of
[32]
covert and overt HE . Moreover, microbiome variations
have associations with systemic inflammation and
[31]
ammonia levels
and contribute to the development
of HE by means of ammoniagenesis and generation
[18]
of endotoxin-driven inflammatory response . These
microbial functions enriched in the microbiota in patients
with cirrhosis supports the concept that the microbiome
[33]
contributes to HE . The enrichment of the modules
for ammonia production gut bacteria might contribute
to increased levels of ammonia in blood. Manganeserelated transport system modules enriched in patients
possibly contribute to the changes in concentrations of
manganese, which accumulated within the basal ganglia
in patients with end-stage liver disease and may have
a role in hepatic encephalopathy. Modules for GABA
biosynthesis enriched in patients are involved in the
[13]
pathogenesis of hepatic encephalopathy too .

Hepatic encephalopathy

Dysbiosis, or altered microbiota represented by reduction
in autochthonous bacteria, is present in both saliva and
[14]
stool in patients with cirrhosis . After HE development,
there is significant change in microbial relative abun
[12]
dance . Interestingly, two consecutive studies analyzed
the correlation of certain bacterial families with cognition
in cirrhotics. Stool microbiome analyses along with
magnetic resonance imaging (MRI) brain assessment,
revealed that specific bacterial taxa are associated with
astrocytic changes and neuronal changes in humans with
cirrhosis and HE in accordance with the clinically impaired
[30,31]
cognition
. Indeed, patients with HE presented with
altered flora (higher Veillonellaceae), poor cognition,
endotoxemia, and inflammation (IL-6, TNF-α, IL-2, and
[30]
IL-13) compared with cirrhotics without HE . Healthy
controls had a significantly higher proportion of autoch
thonous bacterial families than cirrhotics. Similarly cir
rhotic patients with HE had a higher relative abundance
of autochthonous families and a higher abundance
pattern of Staphylococcaceae, Enterococcaceae,
Porphyromonadaceae and Lactobacillaceae compared to
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Ascites-infections-SBP-acute on chronic liver failure

One recently published study shed light in the role of
[34]
microbiome in patients with ascites. Santiago et al ,
found that specific serum microbiome is linked to the
presence of ascites and proposed that these patients
might have a greater deterioration of the intestinal barrier
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integrity, also a higher degree of microbial translocation
thus leading to a higher microbial diversity in serum.
In general, stool and saliva dysbiosis with reduction of
autochthonous bacteria in patients with cirrhosis incites
a systemic proinflammatory milieu due to changes
[14]
in bacterial defenses . Buccal proinflammatory en
vironment in accordance with impaired local innate de
fenses of the oral cavity, represents a global mucosalimmune interface change in cirrhosis affecting the gut
[4]
microbiota . Moreover, pathologic bacterial translocation
is associated with higher risk of developing infections;
bacterial overgrowth, increased intestinal permeability,
and integrity of immune surveillance mechanisms that
allow bacteria (or parts of bacteria) to translocate to
mesenteric lymph nodes and the systemic circulation,
[18,21]
are important in driving SBP, in particular
.
Progressive severe changes in the gut microbiome
present in cirrhotic patients on acute on chronic liver
[12,35]
failure
. Changes in salivary and stool microbiota
have been independently associated with the prediction
[14,36]
of hospitalizations in cirrhotic patients
. Besides, the
great interest regarding microbiota has been shifting
from pathogenesis toward the prediction of clinically
[5]
relevant outcomes in cirrhosis .

HCC

prebiotics, probiotics, synbiotics, antibiotics, and even
[41]
fecal microbiota transplantation .
Lactulose is probably the best-studied prebiotic in liver
[41]
disease and is commonly used for the treatment of HE .
It acts by acidifying and modifying the colonic flora.
This could lead to a displacement of urease-producing
bacteria with non-urease-producing Lactobacillus, and,
therefore, to a reduction in the formation of potentially
[19]
toxic short-chain fatty acids . Probiotics are living
microorganisms that confer a health benefit on their host
through antimicrobial effects, enhancement of mucosal
[41]
barrier integrity, and immunomodulation . Probiotics
and synbiotics (a combination of probiotics and prebiotics
in a form of synergism) have been used broadly in trials
addressing HE, showing improvements in endotoxemia,
endothelial dysfunction, and dysbiosis, along with
modifications on bile acid pool composition; though
larger clinical trials with clinically significant outcomes are
[19]
needed .
The traditional and most logical first approach to
diminish translocation of microbial components and pro
ducts is to reduce the enteric burden of the bacteria that
[20]
contribute the most to this, with antibiotics . Rifaximin,
a minimally-absorbed oral antimicrobial agent, has
been intensively studied on advanced liver cirrhosis.
It is supported that rifaximin diminishes the risk of HE
recurrence and HE-related hospitalizations but also
improves endotoxemia, systemic hemodynamics and
[23]
renal function . Finally, new perspectives came from
fecal microbiota transplant, which seems to influence the
microbiota through limiting the colonization of pathogens
[41]
and affecting microbial metabolic function . In a latest
mouse study the gut microbiota was reprogrammed by
transplanting bacteria with minimal urease gene content,
thus reduction in fecal urease activity. This led to reduced
fecal ammonia levels, and neurobehavioral deficits and
decreased the morbidity and mortality associated with
[42]
liver damage .

[17]

In 2016, Lu et al
identified oral microbiota dysbiosis
in cirrhotic patients with liver carcinoma recognizing
specific discriminatory bacteria that could provide
novel and non-invasive diagnostic biomarkers of the
presence of liver carcinoma. The suggested pathogenic
pathway introduced the role of endotoxemia produced
by gut microbiota; associated with oncogenic pathways
when increased promotes the development of hepato
[37]
carcinogenesis . Experimental animal models support
this promoting effect of the gut microbiota-driven in
[38]
flammation in hepatocarcinogenesis , though data
[39]
on human are scarce; Zhang et al
demonstrated
that the induction of dysbiosis, with increased growth
rate of E. coli and Atopobium cluster and significantly
decreased percentages of benign bacteria (Lactobacillus
group, Bifidobacterium group, and Enterococcus
group), is sufficient to promote hepatocarcinogenesis by
enhanced portal LPS levels. So, there is profound impact
of intestinal microbiota and gut homeostasis on HCC
[40]
development (Table 1).

CONCLUSION
Microbiome has been rather implicated in the patho
genesis of various clinical conditions ranging from chronic
[5,43-45]
liver diseases to decompensated complications
.
Several studies presented different aspects of the altered
microbiome seen in patients with cirrhosis. There is no
consensus among the researchers. Specifically, micro
biome dysbiosis has been introduced either as a reduced
ratio of autochthonous to non-autochthonous taxa
(CDR) or as inversion of the Firmicutes/Bacteroidetes
[12,14,16]
ratio
. Whatever the expression, salivary and
stool dysbiosis has been described as an interplay in
the development of cirrhosis-related complications.
Besides, modulation of the microbiome with the ex
isting therapeutic strategies remains the cornerstone
of the management of cirrhosis. Thus, estimation of
microbiome in patients with cirrhosis seems to facilitate
new prognostic and therapeutic strategies.

THERAPEUTIC ASPECT OF MICROBIOME
Overall, the contribution of the microbiota to patho
genesis becomes more pronounced with progressive
disease and therefore remains an important therapeutic
[18]
target in the management of cirrhosis . The mutual
interdependence between the pathogenesis of the
cirrhotic process, intestinal bacterial translocation and
portal pressure makes the gut–liver axis an attractive
[19]
target for specific therapeutic interventions . The gut
microbiome can be modulated in different ways, using
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Table 1 Published studies regarding microbiome over cirrhotic patients
Study

Analysis

Conclusion

Chen
et al[10],
2011

36 patients with liver cirrhosis and 24 healthy controls; analysis of
fecal microbial community

Bajaj
et al[11],
2012

60 patients with cirrhosis (24 patients without HE/36 with HE) and 17
age-matched healthy controls; stool and colonic mucosal microbiome
analysis, linkage of them with changes in peripheral inflammation
and cognition

Bajaj
et al[30],
2012

25 patients (17 HE and 8 without HE) and 10 controls; fecal
microbiota analysis

Bajaj
et al[29],
2014

15 patients with compensated cirrhosis and 15 age-matched healthy
controls; stool microbiota profiling before (pre) and after PPI

Bajaj
et al[12],
2014

219 cirrhotics (121 compensated outpatients, 54 decompensated
outpatients, 44 inpatients) and 25 age-matched controls); stool
analysis and introduction of the cirrhosis dysbiosis ratio (CDR)

Fecal microbial communities are distinct in patients with cirrhosis
compared with healthy individuals. The prevalence of potentially
pathogenic bacteria, such as Enterobacteriaceae and Streptococcaceae,
along with the reduction of beneficial populations such as
Lachnospiraceae in patients with cirrhosis may affect prognosis
There was higher abundance of autochthonous genera and a lower
abundance of potentially pathogenic ones in controls compared with
cirrhotic patients’ mucosa.
Significant change was recorded in the microbiome of the mucosa
compared with stool.
In general HE patients had less “healthy” microbiome
Cirrhosis, especially when complicated with HE, is associated
with significant alterations in the stool microbiome compared
with healthy individuals. Specific bacterial families (Alcaligeneceae,
Porphyromonadaceae, Enterobacteriaceae) are strongly associated with
cognition and inflammation in HE.
Significant microbiota change was seen in both controls and cirrhotics
after omeprazole.
Omeprazole is associated with a microbiota shift and functional
change in the distal gut in patients with compensated cirrhosis that
could set the stage for bacterial overgrowth
Relative stability of the microbiota and CDR over time within
cirrhotics whose disease remained unchanged.
Microbiota changed when the underlying disease worsened in HE
and infections reflected by CDR reduction.
Associations of increased dysbiosis, with lower CDR and higher
gram-negative taxa relative abundance.
CDR for controls was significantly higher compared to all cirrhotic
patients
Bile acids affect the composition of the intestinal microbiota
Higher total BA pool in alcoholic cirrhotics could lead to a higher
substrate for microbiota.
Inflammation and gut barrier injury in alcoholic liver disease
Patients with liver cirrhosis have a less “healthy” gut microbiome,
enriched with Veillonella, Streptococcus, Clostridium. Healthy
individuals’ microbiome was enriched with autochthonous species
(Lachnospiraceae and Ruminococcaceae).
Proof that the major change of the gut microbiota in patients with
liver cirrhosis, is mainly because of a massive invasion of the gut by
oral bacterial species
Dysbiosis, represented by reduction in autochthonous bacteria
(Lachnospiraceae, Ruminococcaceae, and Clostridiales XIV), is present in
both saliva and stool in patients with cirrhosis, compared to controls.
Stool cirrhosis dysbiosis ratio (Lachnospiraceae + Ruminococcaceae +
Clostridiales Incertae Sedis XIV + Veillonelllaceae/Enterobacteriaceae +
Bacteroidaceae) was significantly lower in patients with cirrhosis.
Salivary microbiota dysbiosis ratio (Lachnospiraceae + Ruminococcaceae
+ Clostridiales Incertae Sedis XIV/Streptococcaceae), was lower in
patients with cirrhosis, compared to controls
Cirrhotic subjects who required non-elective 90 d hospitalization had
a different microbial profile
DM in the presence of cirrhosis alters the mucosal and stool
microbiota compared to cirrhotics without DM, it does not add to the
90 d hospitalization risk
ACLF patients had lower abundance of Bacteroidaceae,
Ruminococcaceae, and Lanchnospiraceae, but higher abundance of
Pasteurellaceae, Streptococcaceae, and Enterecoccaceae.
Abundance of Lachnospiraceae was decreased in ACLF patients with
HE.
Gut dysbiosis in ACLF has predictive value for mortality and could
represent diagnostic biomarker
Differences in the compositions of the oral microbiota revealed the
dysbiosis involved in the development of HBV-CLD

Kakiyama
et al[45],
2014

19 healthy, 6 drinkers without liver disease, and 78 cirrhotic
(compensated and decompensated) patients; fecal and serum bile
acids (BA), serum endotoxin, and stool microbiota analysis

Qin
et al[13],
2014

98 cirrhotic patients and 83 healthy controls; gene catalogue of gut
microbes analysis

Bajaj
et al[14],
2015

102 patients with cirrhosis (with/without HE) and 32 age-matched
healthy controls; stool and saliva microbiome analysis along with
evaluation of systemic and salivary inflammatory response

Bajaj
et al[36],
2015

278 cirrhotics (39% with HE, 31% with DM); stool microbial analysis
and 72 underwent mucosal analyses

Chen
et al[35],
2015

79 ACLF patients and 50 controls; fecal microbiota analysis

Ling
et al[16],
2015
Lu
et al[17],
2016

10 CHB patients, 10 patients with HBV-associated compensated liver
cirrhosis (LC), and 10 healthy controls (HC)
35 early liver carcinoma (LC) patients with cirrhosis and 25 matched
healthy subjects; study of microbiome of the tongue coat

WJG|www.wjgnet.com

3818

Certain key bacterial species may characterize LCT microbiota;
Oribacterium and Fusobacterium could distinguish LC patients from
healthy subjects.
Microbiota dysbiosis of tongue coat in LC patients, may provide
novel and non-invasive potential diagnostic biomarker of LC.
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Ahluwalia
et al[31],
2016

40 healthy controls and 147 cirrhotics (85 cirrhotic patients had HE);
stool samples and brain MRI assessment

Chen
et al[15],
2016

30 cirrhotic patients and 28 healthy subjects; study of the duodenal
microbiome

Santiago
et al[34],
2016

27 patients (13 with ascites and 14 without ascites), 17 healthy
controls; stool (n = 17) and serum (n = 7) microbiome analysis

Effort to understand the role of impaired gut-liver-brain axis in
cirrhosis.
Gut microbial changes are linked with systemic inflammation,
ammonia and ultimately with neuronal and astrocytic dysfunction in
cirrhotic patients, especially those with HE
Duodenal mucosa microbiota in cirrhotic patients is dramatically
different from healthy controls.
The duodenum dysbiosis might be related to alterations of oral
microbiota and changes in duodenal micro-environment.
Possible associations between small intestinal microbiota of oral
origins and hepatic encephalopathy.
Patients with ascites have a greater deterioration of the intestinal
barrier integrity, also a higher degree of microbial translocation than
those without ascites, thus leading to a higher microbial diversity and
higher concentration of lipopolysaccharide binding protein (LBP) in
serum
Specific serum microbiome is linked to the presence of ascites
Alteration of the serum and fecal microbiome composition be
considered indicators of cirrhosis progression

HE: Hepatic encephalopathy; PPI: Proton-pump inhibitor; CDR: Cirrhosis dysbiosis ratio; ACLF: Acute-on-chronic liver failure; HBV: Hepatitis B virus;
CLD: Chronic liver disease; DM: Diabetes mellitus.
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Recently, diabetic gastroparesis (DGP) has received
much attention as its prevalence is increasing in a
dramatic fashion and management of patients with
DGP represents a challenge in the clinical practice due
to the limited therapeutic options. DGP highlights an
interrelationship between the gastric emptying and
pancreatic secretory function that regulate a wide
range of digestive and metabolic functions, respectively.
It well documented that both gastric emptying and
pancreatic secretion are under delicate control by
multiple neurohormonal mechanisms including extrinsic
parasympathetic pathways and gastrointestinal (GI)
hormones. Interestingly, the latter released in response
to various determinants that related to the rate and
quality of gastric emptying. Others and we have
provided strong evidence that the central autonomic
nuclei send a dual output (excitatory and inhibitory) to
the stomach and the pancreas in response to a variety
of hormonal signals from the abdominal viscera. Most
of these hormones released upon gastric emptying
to provide feedback, and control this process and
simultaneously regulate pancreatic secretion and
postprandial glycemia. These findings emphasize an
important link between gastric emptying and pancreatic
secretion and its role in maintaining homeostatic
processes within the GI tract. The present review
deals with the neurohormonal-coupled mechanisms
of gastric emptying and pancreatic secretory function
that implicated in DGP and this provides new insights
in our understanding of the pathophysiology of
DGP. This also enhances the process of identifying
potential therapeutic targets to treat DGP and limit the
complications of current management practices.
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significantly dependent on the duration of DM and
gender. Compared to newly diagnosed patients with
DM, patients with long-standing DM are more likely
[10,11]
to experience DGP
. Similarly, the prevalence of
DGP is higher among females compared to males
and, although the reason for this gender-difference is
unknown, the fact that gastric emptying is slower in
[12,13]
females may explain this observation
.
High rate of mortality is not directly related to
DGP however, quality of life seems to be impaired
independently of several factors including age and
[14]
type of DM . In addition, poor glycemic control is
one of the main challenges that the patients with DGP
[15]
face during the course of the disease . It has been
found that delayed gastric emptying leads to time
mismatch between blood glucose and insulin secretion
[16]
jeopardizing the regulation of postprandial glycemia .
Several studies have demonstrated that patients
with DGP experience a blunted postprandial glucose
response and hypoglycemia which further complicates
the management of DM in this group of patients.
These findings highlight an important aspect about the
interrelationship between gastric emptying and pan
creatic secretory function.
Although the prevalence of gastroparesis drama
tically increased among DM patients with consequent
adverse effects on glycemic control, the exact patho
physiology of DGP is yet to be determined. Multiple
gastrointestinal (GI) hormonal mechanisms, autonomic
neuropathy with loss of the ICCs as well as myopathy,
[17]
have been proposed . The role of the ICCs and
myopathy is beyond the scope of the present review
and other investigators including Bashashati’s group
have comprehensively reviewed the involvement of
[18]
Cajal-opathy in gastroparesis .
We believe that identification of the exact patho
physiological processes that are involved in DGP is a
crucial step towards development of potential targets
for management of DGP. The hormonal coupled
mechanisms of gastric emptying and pancreatic
secretory function may be an important element that
requires further characterization.
The focus of this review is to discuss the extrinsic
neural pathways and the neurohormonal mechanisms
that regulate both gastric emptying and pancreatic
secretory function and the interrelationship between
these two elements. In addition, the review sheds
light on how the dysfunction of these processes may
contribute to development of DGP.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Prevalence of diabetic gastroparesis (DGP)
is increasing in a dramatic fashion, however there are
still gaps in our understanding of the pathophysiology
of DGP. It well documented that gastric emptying and
subsequent pancreatic secretion are interrelated and
regulated by several neurohormonal mechanisms.
Dysfunction of these mechanisms affects gastric
emptying, pancreatic secretion and postprandial
glycemia. Therefore, the present article reviews the
neurohormonal-coupled mechanisms that control
gastric emptying and pancreatic secretion and their
plausible involvement in DGP. This will help in identi
fication of novel therapeutic targets to treat DGP with
minimal adverse effects on postprandial glycemia.
Mussa BM, Sood S, Verberne AJ. Implication of neurohormonalcoupled mechanisms of gastric emptying and pancreatic secretory
function in diabetic gastroparesis. World J Gastroenterol 2018;
24(34): 3821-3833 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i34/3821.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i34.3821

INTRODUCTION
Gastroparesis (or stomach paralysis) is a chronic and
symptomatic disorder characterized by a complex
pathogenesis which mainly includes delayed gastric
[1,2]
emptying in the absence of mechanical obstruction .
It may also involve reduced antral contraction, impaired
gastric accommodation, slow wave dysrhythmia and
[3-5]
partial loss of the interstitial cells of Cajal (ICCs) .
Therefore, comprehensive criteria have been recom
mended to evaluate and diagnose gastoparesis. Docu
mented delay in gastric emptying is one of the main
requirements to confirm the diagnosis of gastoparesis
and this can be achieved by measuring gastric retention
[6]
of solids by scintigraphy .
Given the fact that more than 30% of gastroparesis
cases are related to diabetes mellitus (DM), several
studies have investigated the pathophysiological nature
[7]
of diabetic gastroparesis (DGP) . Understanding of the
relationship between DM and gastoparesis has evolved
during the last decade as a result of several research
studies and initiatives such as the Gastoparesis Clinical
[8]
Research Consortium .
High prevalence of DGP has been reported in
Type 1 DM (approximately 40%) and Type 2 DM
(approximately 30%) and it was found that in a cohort
of unselected patients with DM, DGP was present in
[9]
28% of cases . The prevalence of DGP seems to be
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PHASES OF THE DIGESTIVE PROCESS
AND PANCREATIC SECRETION
Digestion is an essential homeostatic process that is
involved in maintenance of homeostasis and general
health. It is a complex phenomenon, consists of multiple
phases that eventually lead to absorption, assimilation
and uptake of nutrients. Digestion starts with the
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smell or the taste of food and this sensory information
is conveyed to the central nervous system (CNS) via
trigeminal, facial, glossopharyngeal and vagal afferents
which innervate different parts of the digestive tract
including the tongue, pharynx, esophagus, stomach,
[19]
intestine and pancreas . The majority of vagal
afferents terminate in the nucleus of the solitary tract
(NTS) for sensory signals integration. Subsequently,
this information is conveyed to motor neurons such as
those in the dorsal motor nucleus of the vagus (DMV)
which then transforms the information into motor
output. The vagal efferent fibres which originate in the
DMV, in turn, control subsequent phases of digestion
including the cephalic, gastric and intestinal components
[19,20]
of pancreatic secretion (PS)
. It is noteworthy that
the phases of PS strongly correlated with the phases
of digestion highlighting the importance of the former
in the digestive process. During the cephalic phase
of digestion, the pancreatic exocrine acinar cells are
stimulated by a vagal mechanism to secrete digestive
enzymes. However, the latter remain inactive due
to the low pH environment and inadequate levels of
bicarbonate. This phase followed by the gastric phases
that include an increase in the number of digestive
zymogens that release the active digestive enzymes
when pH rises after bicarbonate secretion. Gastric
emptying of stomach contents into the small intestine
is described as the intestinal phase and represents the
final phase of PS and is controlled mainly by vagovagal
pathways and GI hormones such as cholecystokinin
[19,21]
(CCK) and secretin
. It is noteworthy that gastric
emptying is strongly coupled to the neurohormonal
mechanisms that control PS. Interestingly, most of
the GI hormones and agents that control PS are also
involved in regulation of gastric emptying.
As early as 1642, the pancreatic ducts were
identified by Virsung and in the same century the
first collection of PS via a pancreatic fistula was made
[22]
by Regner de Graaf . However, it took more than
two centuries to appreciate the significance of PS
[22]
in digestion . Later, Pavlov highlighted the role of
[23]
the CNS in control of PS . Subsequent discovery of
various GI hormones and peptides such as secretin,
[24,25]
modified Pavlov’s theory
. However, it was not
until the late 1970s that there was a renewed focus
[26-28]
on the relationship between the CNS and PS
. The
results of these investigations showed for the first
time the importance of vagovagal reflexes and PS as
common factors in controlling different GI functions
including gastric emptying. Since then several lines of
evidence have implicated various interacting factors
including hormones, paracrine mediators and vagovagal
[29]
reflexes in regulation of gastric emptying . The
latter represents one of the significant determinants
of postprandial glycemia in health and in glycemic
disorders including DM. Therefore, delayed gastric
emptying (gastroparesis) that is associated with DM
affects several aspects of glycemic control in patients
with DM.
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GASTRIC EMPTYING AND PANCREATIC
SECRETION: MULTIFACTORIAL
PHYSIOLOGICAL PROCESSES
Gastric emptying defined as the process of ejecting
the stomach’s content (chyme) into the duodenum.
The rate of gastric emptying is dependent on several
physiological factors including fundal relaxation, pyloric
control of flow into the duodenum and antro-duodenal
coupling. In addition, the physical nature and the
composition of the chyme are important determinants
[30]
of the rate of gastric emptying .
This process is precisely tuned to react to various
intrinsic and extrinsic signals and therefore it is not
surprising that highly complex systems are involved
in the regulation of gastric emptying. This includes (1)
intrinsic neural plexuses (2) extrinsic autonomic factors
[30]
and (3) neurohormonal mechanisms . Although,
it seems that intrinsic neural pathways have some
degree of independence in regulating GI functions,
the extrinsic control of the parasympathetic and
sympathetic pathways are still the predominant players
that modulate various gastric processes along with
[31]
the output of the intrinsic plexuses . In particular,
regulation of gastric motility is largely dependent on
excitatory (cholinergic) inputs and inhibitory (nitrergic)
[17]
inputs . In addition, ICCs are also involved to some
extent in electrical control of gastric motility. Given the
PS has two main types: (1) Exocrine secretion and (2)
endocrine secretion, it is considered to be one of the
main factors that regulates both digestive and metabolic
processes.
Hormonal regulation of PS was demonstrated as
early as 1902 when the first hormone, secretin, was
[24]
discovered by Bayliss and Starling . Strong evidence
has shown that the shortest circulation times for
maximal doses of GI hormones are significantly longer
than the observed latency of pancreatic responses to
[27]
nutrient stimuli . Moreover, this latency increased
10-fold when neuronal influences were excluded,
supporting the theory of neurohormonal regulation
[29]
of PS (for review see Niebergall-Roth ). This theory
proposes that hormonal and neural factors, which were
previously thought to act separately, act together to
regulate PS. Although both divisions of the autonomic
nervous system; the parasympathetic nervous system
(PNS) and sympathetic nervous system (SNS), are
known to innervate pancreatic exocrine and endocrine
tissues, the parasympathetic (vagal) pathways have
[32]
the greatest influence on PS . While not wishing to
diminish the important role of the SNS, which is mainly
concerned with GI smooth muscle function, blood
flow, and mucosal secretion, the PNS is the principal
regulator of gastric emptying and secretion. Therefore,
dysfunction of the latter is always associated with
[33]
disruption of the parasympathetic pathways .
To understand the potential pathophysiological
mechanisms that underpin the delayed gastric emptying
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These reflexes seem mediated by GI hormones such
as secretin, serotonin (5-hydroxytryptamine, 5-HT),
[37-40]
glucagon-like peptide-1 (GLP-1) and CCK
.

The first component: Vagal afferent pathways

NTS DMV
HN

AP

The vagal afferents respond to different components
of the chyme including nutrients, osmotic pressure
[41]
and chemicals . Therefore, the vagal innervation
plays a major role in monitoring and regulating the
gastric emptying process. On the other hand, the
vagal innervation controls PS by responding to various
pancreatic secretagogues, such as CCK and 5-HT
that are secreted from the intestinal enteroendocrine
and enterochromaffin cells, respectively. It is welldocumented that these agents provoke excitatory
[42]
influences on PS via vagal mechanisms . Thus,
it is reasonable to postulate that GI hormones
mediate their actions on gastric emptying and PS via
activation of gastric and pancreatic vagal afferents,
[38,40,43,44]
respectively
. It is noteworthy that a wide range
of GI hormones are engaged in the dual control of PS
and gastric emptying however, CCK and 5-HT represent
an important classic neurohormonal examples that have
been studied extensively.
In addition, it is evident that CCK and 5-HT mediate
their physiological effects on gastric and pancreatic
vagal afferents via activation of CCK and 5-HT
receptors, respectively. These findings are in good
agreement with previous reports which have shown
that under physiological conditions CCK1 and 5-HT3
receptors on the vagus nerve are the main players in
[39,45]
the regulation of PS and gastric emptying
.

DMV NTS
HN

Vagal
efferents
Medulla oblongata

Vagal
afferents
+
Nodose ganglion

Stomach

+
-

Pancreas

The second component: Central nuclei-NTS and DMV

All GI vagal afferents terminate in and activate NTS
[46-49]
neurons mainly via glutamatergic transmission
. NTS
neurons, in turn, integrate and assimilate this sensory
information and eventually influence DMV neurons
mainly via GABAergic transmission although blockade
of GABAA receptors indirectly enhances glutamatergic
[34,50]
transmission
. A large body of evidence supports
a role for GABAergic inputs from the NTS to the DMV
in the regulation of the vagal efferent output from the
DMV to the GI tract. DMV neurons are the main source
of vagal motor output to various GI organs including the
[49-53]
pancreas and the stomach
.
The hypothesis that GABA receptors in the DMV are
[42]
involved in modulation of PS was tested. Mussa et al .
have shown that blockade of GABAA receptors using
bilateral microinjection of Bicuculline methionine (GABAA
receptor blocker) into the DMV produced pronounced
excitatory effects on both pancreatic exocrine secretion
[53,54]
and glucose-induced insulin secretion
. Interestingly,
the excitatory effects of chemical activation of the DMV
were sensitive to muscarinic acetylcholine receptor
blockade, confirming the involvement of a peripheral
cholinergic pathway. These findings support the hypo
thesis that pancreatic secretagogues activate pancrea

Figure 1 Vasovagal model and the dual, excitatory and inhibitory,
pathways from the dorsal motor nucleus of the vagus to the pancreas and
stomach. AP: Area postrema; DMV: Dorsal motor nucleus of the vagus; NTS:
Nucleus of solitary tract.

noted in DGP, it is very important to identify and
characterize these mechanisms. The following sections
discuss these systems in detail and highlight the
relationship between gastric emptying and pancreatic
secretory function in each process.

Extrinsic control of gastric emptying and pancreatic
secretion

The involvement of the vago-vagal pathways and
reflexes in control of gastric emptying and pancreatic
[33-36]
secretory function is well-documented
. It facilitates
the complex processes that are associated with gastric
emptying and also explains the interrelationship
between gastric emptying and pancreatic secretory
function.
The vago-vagal model consists of three major
components (1) vagal afferents, (2) central neurons in
the NTS and the DMV and (3) vagal efferents (Figure 1).
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tic vagal afferent input into the NTS, which in turn,
stimulates cholinergic efferent output from the DMV
possibly via inhibition of GABAergic transmission. The
excitatory effects of GABAA receptor blockade in the
DMV on glucose-induced insulin secretion are enhanced
in the presence of the nitric oxide (NO) synthase
inhibitor L-NAME. This suggests that a nitrergic inhibitory
[54,55]
pathway is involved in pancreatic insulin secretion
.
Similarly, a considerable number of studies have
shown that blockade of GABA receptors within the
DMV has a profound effect on gastric emptying.
Stimulation of the DMV by GABAA receptor blockade led
to a significant increase in gastric motility suggesting
that GABAergic transmission in the DMV is involved in
control of gastric emptying. Therefore, gastric emptying
is very sensitive to any sort of disruption of GABAergic
[56,57]
transmission to the GI tract
.

PPNs. Another possibility is that an inhibitory pathway
is involved in modulation of the motor output from the
DMV to the pancreas. This suggestion is supported
further by the observation that nitrergic inhibitory inputs
were actively involved in the regulation of pancreatic
secretory function (Figure 1).
Interestingly, previous reports have shown that
some gastric functions including gastric emptying are
also under the control of both excitatory and inhibitory
[65]
motor inputs from the DMV . It has been found that,
reflex-induced fundus relaxation is mainly controlled
by the inhibitory pathways that originate in the
[66]
DMV . Studies in cats and rats have demonstrated
that different regions within the DMV are involved in
regulating gastric emptying.
The inhibitory pathway consists of cholinergic and
nitrergic preganglionic neurons, and noncholinergic
[65]
and nonadrenergic postganglionic neurons . Given
that postganglionic nitrergic nerves are involved in
innervation of the stomach and the pancreas, it is
possible that these nerves somehow inhibit the release
of acetylcholine (Ach). This does not exclude the
possibility that nitrergic nerves are tonically involved in
[67]
control of gastric and pancreatic functions .

The third component: Vagal efferent pathways

Functional studies in vivo have emphasized the
relationship between the DMV and the pancreas by
showing that electrical and chemical stimulation of
dorsal vagal motor neurons activates both pancreatic
[53,58,59]
endocrine and exocrine secretion
. In addition,
several in vitro studies have documented that all vagal
efferents that project to the pancreas originate from the
[52,60,61]
DMV
. However, major questions regarding the
exact details of these pathways remain to be elucidated.
Nevertheless, the electrophysiological and morphological
characteristics of DMV pancreatic preganglionic
neurons (PPNs) using whole cell patch clamp recording
[62]
techniques have been described . There were
identifiable differences between the gastric and other
preganglionic neurons and heterogeneity of the PPNs
confirmed by this and other studies. This supports
the finding that PS regulated by heterogeneous vagal
efferent output from the DMV.
As mentioned previously, CCK and 5-HT are powerful
stimulatory agents of the pancreatic secretion therefore
[63]
their effects on DMV PPNs have been investigated .
The results of this investigation has shown that all DMV
preganglionic neurons, the origin of the pancreatic
vagal efferent, were activated in response to stimulation
of the pancreatic branch of the vagus nerve and had
axonal conduction velocities in the C-fibre range. This is
not surprising since most of the subdiaphragmatic vagal
[64]
efferents are of C-fibre type . However, stimulation
of peripheral CCK1 and 5-HT3 receptors produced
differential effects on the firing rates of these neurons.
The majority of the preganglionic neurons within the
intermediate DMV inhibited whereas the pregang
lionic neurons within the caudal and rostral DMV
were activated or insensitive, respectively. This lends
strong support to previous findings that emphasized
heterogeneity of DMV PPNs. However, these results cast
doubt on the hypothesis that pancreatic secretagogues,
which known for their excitatory effects on pancreatic
vagal afferents, would also activate the majority of DMV
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Neurohormonal control of gastric emptying and
pancreatic secretory function

One of the most significant responses of the duodenum
to gastric emptying is the release of several GI
hormones and interestingly, this response depends
on the composition of the chyme. For instance, CCK
is released from the duodenum in response to the
presence of nutrients, particularly fat and proteins.
The role of neurohormonal mechanisms in regulation
of gastric emptying and pancreatic secretion is well
documented. Therefore, it has been hypothesized
that dysfunction of these mechanisms is closely
related to abnormally delayed gastric emptying. The
holistic contribution of the GI hormones in regulation
of the gastric emptying been emphasized by various
findings. Importantly, it has been demonstrated that
hypersensitivity to, and hypersecretion of, GI hormones
were common features of the delayed gastric emptying
[68,69]
that is associated with different metabolic disorders
.
It is important to note that almost all the GI
hormones that are released from the intestine in res
ponse to gastric emptying activate a feedback loop
to control gastric emptying and simultaneously in
fluence pancreatic secretory function. These findings
highlight a critical interrelationship between gastric
emptying and pancreatic secretory function that mainly
controlled by neurohormonal processes. There are
many GI hormones that are involved in regulation
of gastric motility and pancreatic secretion including
motilin, somatostatin, xenin, orexin A and B, ghrelin,
gastrin, CCK, leptin, enterostatin, peptide YY (PYY),
apolipoprotein A-Ⅳ, glucagon-like peptide-1 (GLP-1),
glucagon-like peptide-2 (GLP-2), glucose-dependent
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insulinotropic polypeptide (GIP), pancreatic polypeptide,
[69]
oxyntomodulin and amylin . Taking into account all
the studies that have discussed the neurohormonal
involvement of CCK, 5-HT and GLP-1 in the GI activities,
the present review focuses on the dual functions of
CCK, 5-HT and GLP-1 in regulation of gastric emptying
and pancreatic secretion.

of receptors. The 5-HT1A receptor subtype has been
detected in pancreatic neurons and 5-HT3 receptor is
[75-77]
abundant on sensory vagal afferents
.
It is well documented that 5-HT is directly and
indirectly involved in regulation of intestinal and gastric
motility. It has been demonstrated that under normal
physiological conditions, 5-HT reduces the rate of the
[78-80]
gastric emptying and stimulates intestinal motility
.
Fibres containing 5-HT were also found in different
parts of the pancreas including the wall of the
pancreatic blood vessels, ducts, acini and islets and
thus 5-HT is one of the main factors that are involved
[81]
in regulation of PS . Studies in rats have shown
that 5-HT2 and 5-HT3 receptor antagonists were able
to inhibit approximately 94% of PS that was evoked
[39]
by intragastric administration of rodent chow . It
has been found that luminal and mechanical factors
stimulate PS via activation of 5-HT2 and 5-HT3 receptors
which are present in intestinal vagal afferents. In
addition, electrophysiological studies have shown that
endogenously released and intraluminally perfused
5-HT activated vagal afferent neurons within the nodose
ganglion. On the other hand, 5-HT is considered as
one of the key factors that regulates food intake and
mediates satiety due to its wide distribution within the
[82]
GI tract .

CCK: A principal regulator of gastric emptying and
pancreatic secretion

Under normal physiological conditions, CCK inhibits
gastric emptying, stimulates the secretion of the
digestive enzymes from the pancreas and bile from
the gallbladder and regulates intestinal motility. These
actions allow a slow delivery of food into the small
intestine and provide enough time for the digestion
and absorption of nutrients that have already been in
[70]
the duodenum . It has been known for more than 40
years that CCK inhibits gastric emptying via two main
mechanisms; relaxation of the proximal stomach and
contraction of the pyloric sphincter.
It is believed that CCK acts directly on pancreatic
tissue to mediate PS in rodents. High and low affinity
CCK receptors were detected in pancreatic acini and
[71]
they possess high sensitivity to low levels of CCK .
In addition, the correlation between the increased CCK
plasma levels after food ingestion and the elevation
in PS well documented. In vitro studies support the
hypothesis that CCK acts as a circulating hormone
to stimulate PS by showing that activation of CCK1
receptors on rat pancreatic cells by CCK elevates
2+
intracellular Ca levels and subsequently PS. In
addition, it has been shown that blockade of muscarinic
receptors did not produce a significant change in
pancreatic responses to CCK whereas CCK receptor
antagonists were able to block the excitatory effects
[19]
of CCK on PS . The excitatory effects of CCK on
pancreatic endocrine secretion were also reported in
rats and dogs. Glucose-induced insulin secretion was
enhanced in a dose-dependent manner after infusion of
[72]
caerulein, a CCK analogue, in perfused rat pancreas .
In addition, it has been demonstrated that in perfused
dog pancreas, pancreatic α-, β-, δ-cell secretion was
stimulated in a dose-dependent fashion in response to
[73]
CCK .
Previously, it was thought that CCK receptors in
the human pancreas were undetectable or absent
and thus the possibility of a direct action of CCK on
the pancreas to mediate PS in human was excluded.
However, Murphy and his group have demonstrated the
presence of CCK receptors within the human exocrine
[74]
pancreas .

Glucagon-like peptide-1: A unique pancreatic
secretagogue and inhibitor of gastric emptying

GLP-1-(7-36) and GLP-1-(7-37) amides are signaling
peptides that are produced in the enteroendocrine
L-cells of the intestinal mucosa and released post
prandially in response to luminal nutrients including
[83,84]
fat and carbohydrates
. It stimulates and inhibits
insulin and glucagon, respectively, in a glucose[83,85-87]
independent manner
. Interesting findings have
demonstrated the involvement of TRPV2 ion channel in
Lysophosphatidylinositol-induced GLP-1 secretion from
[88]
enteroendocrine L cells .
Several studies have demonstrated the presence
of GLP-1 receptors in various tissues including the
[89,90]
pancreas, GIT and the brain
. The unique and
powerful stimulatory effects of GLP-1 on insulin
secretion in response to postprandial hyperglycemia
have well documented using GLP-1 receptor agonists
and antagonists. Interestingly, the application of the
latter was sufficient to block insulin secretion in response
[91,92]
to orally- and intraduodenally administered glucose
.
In addition to the potent insulinotropic effects of GLP-1,
a deceleration of gastric emptying was observed in
response to GLP-1 administration. This observation
was documented in healthy and Type 2 DM subjects
supporting the fact that GLP-1 possesses an inhibitory
influence in gastric emptying under physiological
[93,94]
conditions
. Furthermore, additional experiments
have shown that diversion of the duodenal delivery of
nutrients affected the synergistic effects of GLP-1 on
[95,96]
insulin secretion
. This finding not only emphasized

Serotonin: A modulator of GI motility and secretory
functions

5-HT is a potent activator of vagal afferent fibres
that innervate the stomach and proximal intestine of
different species and it has several types and subtypes
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emptying and at the same time modulate insulin
[101]
secretion
. The integrity of these mechanisms are
well maintained in healthy subjects and therefore any
increase in digested glucose (hyperglycemia) stimulates
insulin secretion and reduces glucagon levels. Similarly,
feedback mechanisms are initiated to control the
hormones that are involved directly in control of gastric
emptying. A good example is ghrelin, which under
normal physiological conditions, increases gastric
emptying. However, during postprandial hyperglycemia,
the secretion of this hormone is suppressed so that the
[102]
gastric emptying is inhibited .
Taking into account the significance of the
physiological conditions that control postprandial
glycemia, it is not surprising to know that pronounced
hyperglycemia in both Type 1 DM and Type 2 DM
is associated with several abnormalities in gastric
[103,104]
motility including DGP
. It proposed that DGP
also occurs in response to the high level of insulin as
a compensatory process. However, this proposal was
challenged by the fact that patients with Type 1 DM
also experienced delayed gastric emptying in response
[105,106]
to hyperglycemia
. On the other hand, it was
found that insulin-induced hypoglycemia was sufficient
to provoke a counter-regulatory mechanism which
[107]
involves acceleration of gastric emptying .
One of the key findings that emphasizes the central
role of gastric emptying in the integrity of the response
to postprandial glycemia, is that both healthy patients
and patients with DM experienced an increase in almost
all of the hormones that are insulin secretagogues in
response to intraduodenal infusion of high loads of
[108]
glucose .

Feedback control

Activation of hormones

Stomach
gastric emptying

GLP
CCK
5-HT

Pancreas

Pancreatic
secretion
control

Figure 2 Postprandial events upon gastric emptying that are involved
in secretion of gastrointestinal hormones and coupled control of
pancreatic secretion and gastric emptying. CCK: Cholecystokinin; 5-HT:
5-hydroxytryptamine; GLP: Glucagon-like peptide.

the importance of the dual effects of GI hormones in
gastric emptying and pancreatic secretion, but also
sheds light on the involvement of neurohormonal
factors in control of postprandial glycemia.

POSTPRANDIAL GLYCAEMIA: A CHECK
POINT FOR THE INTEGRITY OF GASTRIC
EMPTYING
The influence of gastric emptying on postprandial
glycemia is evident and it is not surprising that the
coupled mechanisms that are involved in regulation of
[97-99]
gastric emptying also control postprandial glycemia
.
The latter emphasizes the link between the digestive
processes and pancreatic secretory function. The
composition and rate of chyme emptying into the
intestine precisely monitored and determined the
feedback systems that control postprandial glycemia
and pancreatic secretory functions. Interestingly, most
of the neurohormonal processes that inhibit or decrease
the rate of the gastric emptying simultaneously increase
insulin secretion.
The initial involvement of gastric emptying in
modulating postprandial glycemia started prior to the
digestive process. This hypothesis is supported by the
fact that the composition of each meal determines
the rate of gastric emptying for that specific meal.
High glucose content in a meal or infusion of glucose
into the duodenum inhibits gastric emptying in a
[100]
dose- dependent fashion
. The second important
checkpoint for control of postprandial glycemia is the
neurohormonal mechanisms and feedback that are
triggered as the result of the interaction between
the nutrients and the cells of the intestine (Figure
2). As mentioned previously, the hormones that are
released from L and K cells of the intestine such as CCK
and GLP-1, are able to feedback and control gastric
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NITRERGIC INHIBITORY PATHWAYS:
MODULATION OF GASTRIC EMPTYING
AND PANCREATIC SECRETION
A considerable number of studies have shown that
NO produces inhibitory effects on insulin secretion and
[109-114]
this has been demonstrated in several species
.
The involvement of nitrergic pathways is strongly
supported by the finding that peripheral inhibition of NO
enhanced the excitatory effects of chemical stimulation
[54]
of the DMV on insulin secretion . In addition, a
significant glucose uptake was reported as result of NO
inhibition suggesting that NO is also involved in glucose
metabolism.
A number of studies have documented the distri
bution of nitrergic postganglionic neurons within the
pancreas. NO and nitric oxide (NOS) were localized
within the pancreatic tissue or ganglia of a wide range
of species including human, pig, monkey, dog, cat, rat,
[109-114]
chick and kitten
. In particular, it is evident that
NOS is localized within the endocrine islets and nerves
as well as in the pancreatic β-cell line HIT-T15 from rat
[115-120]
and mouse
. Interestingly, it has been found that
NO evoked fast excitatory postsynaptic potentials in the
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majority of neurons within the cat pancreatic ganglia
supporting the hypothesis that postganglionic nitrergic
[113]
neurons are modulators of pancreatic function .
Noncholinergic and nonadrenergic (NANC) neurons
play a critical role in regulation of gastric motility, in
particular gastric emptying, therefore any neural loss or
dysfunction is always considered a major contributory
[121]
factor to gastropathy . Both cholinergic and nitrergic
pathways are involved in regulation of the gastric fundic
tone and imbalance between these two factors lead to
dysfunction in the accommodation reflex and gastric
[122,123]
emptying
. This hypothesis was strengthened by
the finding that administration of NO inhibitors such as
L-NAME in cats produced a significant increase in the
fundic tone and these effects were reversible in the
[124]
presence of L-arginine . Several lines of evidence in
different species including humans have shown that NO
is a potent inhibitory neurotransmitter that mediates
gastric relaxation and is considered a vital part of the
accommodation reflex. In addition, recent reports have
shown that mechanosensitive TRPV2 ion channel is coexpressed in nNOS-expressing inhibitory motor neurons
in mouse stomach emphasizing the contribution of
these inhibitory neurons gastric adaptive relaxation and
[125]
gastric emptying in mice .
It is well documented that the effects of nitrergic
inputs are mediated via a vagovagal reflex and NANC
[126]
pathways
. This was strongly supported by several
findings, which demonstrated that vagotomy led to
significantly impaired accommodation and gastric
[127,128]
emptying
. Vagotomy is used as a classic model to
study the processes that are involved in delayed gastric
emptying. However, studies in animals have shown that
in vagotomized dogs, local gastric stimulation was able
to improve gastric accommodation and emptying via a
nitrergic pathway emphasizing the significance of local
[129]
nitrergic inputs .
Interestingly, experiments in a diabetic gastroparesis
model have provided evidence for loss of NOS neurons
in this condition thus further emphasizing the key role
of nitrergic neurons in regulating gastric emptying.
Moreover, pharmacological studies have demonstrated
that inhibition of NOS and knockout of NOS genes led to
[130]
gastroparesis, gastric stasis and enlarged stomachs .
Taking this findings into account, we can propose
that both pancreatic secretion and gastric emptying
are under extrinsic and intrinsic inhibitory nitrergic
neurotransmission.

innervate different organs within the GI tract produce
negative impact on the interrelated functions of these
organs. Normal gastric emptying is one of the critical
determinants of the subsequent exocrine pancreatic
secretion. It is not surprising to know that insufficiency
of the exocrine pancreatic secretion is very prevalent in
DM and strongly associated with DGP. Although it has
been a long-standing debate that EPI is a cause or a
sequel to DM, several studies have demonstrated that
[132]
EPI is a complication of DM . The exocrine pancreas
is normally exposed to high concentrations of islet
hormones since the blood flow from the endocrine
pancreas pass through the exocrine pancreas in a very
extensive manner and therefore, any changes in the
levels of the endocrine hormones, including insulin, will
[133]
affect the exocrine pancreatic secretory function
.
It is well documented that insulin is a strong trophic
factor for the exocrine pancreatic tissue and increases
pancreatic enzyme output and this may partially explain
[132,134]
the dysfunction of exocrine pancreas in DM
.
However, given the fact that a considerable number of
patients with Type 1 DM who experience a total loss of
insulin still have normal exocrine pancreatic function, it
remains unclear as to which factors are most important
[132]
in development of EPI
. Autonomic neuropathy, on
the other hand, may explain the etiology of diabetic
EPI and its association with gastroparesis. Malfunction
of the autonomic nervous system is one of the
common complications, which can occur at any time
during at the DM course. It affects several functions
of the body including gastric emptying and pancreatic
[133]
secretory function
. Since intact vagovagal reflexes
and hormonal secretion play an important role in the
regulation of these two digestive processes, interruption
of this neurohormonal model interferes with the gastric
emptying into the duodenum and, in turn, the feedback
[135]
control of exocrine pancreatic secretion .
Chronic pancreatitis is another important progressive
fibro-inflammatory disorder of the pancreas, which
affects the digestive processes significantly and is
associated with poor prognosis. The most common
symptoms of this disorder include malabsorption, malnu
[136]
trition, and abdominal pain
. Delayed gastric emp
tying is one of the hallmark features of pancreatitis and
it has founded that the prevalence of gastroparesis in
chronic pancreatitis is considerably high. Although the
associative pathogenesis of the latter remains poorly
understood, there are two main proposed etiological
[135]
mechanisms . The first mechanism involves increased
levels of CCK that are a well-documented feature of
chronic pancreatitis. Previous studies have shown that
infusion of postprandial concentrations of CCK produced
[137]
a marked delay in gastric emptying
. In addition,
the involvement of CCK as contributory factor further
supported by animal studies. It was found that the CCK
failed to inhibit gastric emptying in CCKA receptor gene
knockout rat model suggesting that the action of CCK
[138]
in gastric emptying is mediated via CCKA receptors .
The second mechanism is autonomic neuropathy that

DYSFUNCTION OF PANCREATIC
SECRETION AND ITS ASSOCIATION
WITH DIABETIC GASTROPARESIS
In DM, the exocrine pancreas loses its ability to secrete
adequate amounts of pancreatic enzymes and to
digest carbohydrates leading to Exocrine Pancreatic
[131,132]
Insufficiency (EPI)
. It is important to emphasize
that dysfunction of the neuronal pathways that
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has received much attention due to the fact it explains
the pathological background of severe abdominal pain.
This type of pain is considered as one of the most
[139]
problematic symptoms of chronic pancreatitis . The
concept of central sensitization which revolutionized the
classic response to nociceptive stimuli has explained
how the intensive nerve damage that is present in the
chronic pancreatitis increases the efficiency of synaptic
[140]
communication leading to severe pain sensation . Inte
[141]
restingly, twenty years ago a study by Nakamura et al
has demonstrated that delayed gastric emptying that is
associated with chronic pancreatitis is due to dysfunction
of autonomic nerves.
Impaired awareness of hypoglycemia is another
important aspect that highlights the interrelationship
between the neurohormonal components and the
postprandial glycemic control.
Previous research has shown that hypoglycemia
is not only associated with transient impairment of
cognition but also with high rates of functional mortality
[142]
and morbidity
. It is well documented that type
1 DM patients experience at least two episodes of
hypoglycemia per week and this represents a significant
challenge in the clinical practice to achieve optimal
[143]
therapeutic targets that involves insulin regimens .
A normal response to hypoglycemia includes
an activation of a complex and sensitive counterregulatory response leads eventually to a suppression
of endogenous insulin and an increase in glucagon
secretion. It has been found that in DM, the pancreatic
α-cells, which are the main source of endogenous
[143]
glucagon, loose their ability to secrete this hormone .
The notion that the pathophysiology of DM depends on
the sole mechanism of insulin malfunction or resistance,
has been revolutionized by the finding that loss of the
[144]
glucagon response is a significant feature in DM .
Interestingly, recent studies have demonstrated
that diabetic patients with DGP experience episodes
hypoglycemia more frequent. This due to several factors
including delayed gastric emptying and subsequent slow
absorption of food. Insulin is an important therapeutic
agent mainly for patients with type 1 DM however,
type 2 DM patients also use insulin to improve their
glycemic control. Dosing and administration of insulin
in patients with DGP is almost impossible due to the
delayed gastric emptying and slow absorption of food.
This, in turn, leads to frequent episodes of postprandial
hypoglycemia.

the etiology of DGP and in turn, this will facilitate the
process of identifying novel therapeutic targets. The
latter will further ease the burden of complex and
challenging DGP management.
Under normal conditions, there is a delicate balance
between the neurohormonal mechanisms that control
gastric emptying and pancreatic secretion. Malfunction
of any of these mechanisms affects the metabolic
profile adversely and this has been strongly proven in
DM where the delayed gastric emptying is associated
with pancreatic secretory dysfunction.
This article has reviewed the neurohormonalcoupled mechanisms that control gastric emptying and
pancreatic secretory function to identify the potential
components and pathways that are involved in DGP and
this will stimulate the development of novel therapeutic
approaches hopefully for this disorder.

ACKNOWLEDGMENTS
The authors would like to thank Professor Joe Proietto
for his valuable feedback and inputs regarding the
clinical aspects of diabetic gastroparesis. The authors
would also like to thank Ms. Judy Bastaty for her help in
designing the Figures.

REFERENCES
1

2
3

4

5

6

7

CONCLUSION
The dramatic increase in the prevalence of DGP has
directed significant attention to the pathophysiology
of DGP. In addition, the strong association between
DGP and abnormal glycemic profile has highlighted
the involvement of coupled mechanisms that control
gastric emptying and endocrine and exocrine
pancreatic secretion. Therefore, characterization of
these mechanisms will enhance the understating of

WJG|www.wjgnet.com

8

9
10

3829

Waseem S, Moshiree B, Draganov PV. Gastroparesis: current
diagnostic challenges and management considerations. World J
Gastroenterol 2009; 15: 25-37 [PMID: 19115465 DOI: 10.3748/
wjg.15.25]
Falk GW. Gastroparesis. Gastroenterol Clin North Am 2015; 44:
xiii [PMID: 25667033 DOI: 10.1016/j.gtc.2014.12.002]
Kumar A, Attaluri A, Hashmi S, Schulze KS, Rao SS. Visceral
hypersensitivity and impaired accommodation in refractory
diabetic gastroparesis. Neurogastroenterol Motil 2008; 20: 635-642
[PMID: 18282170 DOI: 10.1111/j.1365-2982.2008.01081.x]
Karamanolis G, Caenepeel P, Arts J, Tack J. Determinants of
symptom pattern in idiopathic severely delayed gastric emptying:
gastric emptying rate or proximal stomach dysfunction? Gut 2007;
56: 29-36 [PMID: 16840507 DOI: 10.1136/gut.2005.089508]
Horváth VJ, Vittal H, Lörincz A, Chen H, Almeida-Porada G,
Redelman D, Ordög T. Reduced stem cell factor links smooth
myopathy and loss of interstitial cells of cajal in murine diabetic
gastroparesis. Gastroenterology 2006; 130: 759-770 [PMID:
16530517 DOI: 10.1053/j.gastro.2005.12.027]
Camilleri M, Parkman HP, Shafi MA, Abell TL, Gerson L;
American College of Gastroenterology. Clinical guideline:
management of gastroparesis. Am J Gastroenterol 2013; 108:
18-37; quiz 38 [PMID: 23147521 DOI: 10.1038/ajg.2012.373]
Soykan I, Sivri B, Sarosiek I, Kiernan B, McCallum RW.
Demography, clinical characteristics, psychological and abuse
profiles, treatment, and long-term follow-up of patients with
gastroparesis. Dig Dis Sci 1998; 43: 2398-2404 [PMID: 9824125
DOI: 10.1023/A:1026665728213]
Marathe CS, Rayner CK, Jones KL, Horowitz M. Novel
insights into the effects of diabetes on gastric motility. Expert Rev
Gastroenterol Hepatol 2016; 10: 581-593 [PMID: 26647088 DOI:
10.1586/17474124.2016.1129898]
Hasler WL. Gastroparesis--current concepts and considerations.
Medscape J Med 2008; 10: 16 [PMID: 18324326]
Parkman HP, Fass R, Foxx-Orenstein AE. Treatment of patients
with diabetic gastroparesis. Gastroenterol Hepatol (N Y) 2010; 6:
1-16 [PMID: 20733935]

September 14, 2018|Volume 24|Issue 34|

Mussa BM et al. Neurohormonal coupled mechanisms in DGP
11

12
13

14
15

16

17

18
19
20

21

22

23
24
25
26

27

28
29

30

Krishnan B, Babu S, Walker J, Walker AB, Pappachan JM.
Gastrointestinal complications of diabetes mellitus. World J
Diabetes 2013; 4: 51-63 [PMID: 23772273 DOI: 10.4239/wjd.
v4.i3.51]
Datz FL, Christian PE, Moore J. Gender-related differences
in gastric emptying. J Nucl Med 1987; 28: 1204-1207 [PMID:
3598704]
Jones KL, Russo A, Stevens JE, Wishart JM, Berry MK, Horowitz
M. Predictors of delayed gastric emptying in diabetes. Diabetes
Care 2001; 24: 1264-1269 [PMID: 11423513 DOI: 10.2337/
diacare.24.7.1264]
Kong MF, Horowitz M, Jones KL, Wishart JM, Harding PE.
Natural history of diabetic gastroparesis. Diabetes Care 1999; 22:
503-507 [PMID: 10097936 DOI: 10.2337/diacare.22.3.503]
Lyrenås EB, Olsson EH, Arvidsson UC, Orn TJ, Spjuth JH.
Prevalence and determinants of solid and liquid gastric emptying in
unstable type I diabetes. Relationship to postprandial blood glucose
concentrations. Diabetes Care 1997; 20: 413-418 [PMID: 9051396
DOI: 10.2337/diacare.20.3.413]
Mantides A, Stefanides G, Kioulanis J, Tzovaras G, Epanomeritakis
E, Xynos E. Cutaneous electrogastrography for the assessment
of gastric myoelectrical activity in type I diabetes mellitus. Am J
Gastroenterol 1997; 92: 1190-1193 [PMID: 9219797]
Sanders KM, Koh SD, Ward SM. Interstitial cells of cajal
as pacemakers in the gastrointestinal tract. Annu Rev Physiol
2006; 68: 307-343 [PMID: 16460275 DOI: 10.1146/annurev.
physiol.68.040504.094718]
Bashashati M, McCallum RW. Is Interstitial Cells of Cajal-opathy
Present in Gastroparesis? J Neurogastroenterol Motil 2015; 21:
486-493 [PMID: 26424037 DOI: 10.5056/jnm15075]
Owyang C, Logsdon CD. New insights into neurohormonal
regulation of pancreatic secretion. Gastroenterology 2004; 127:
957-969 [PMID: 15362050 DOI: 10.1053/j.gastro.2004.05.002]
Nakabayashi H, Nishizawa M, Nakagawa A, Takeda R, Niijima
A. Vagal hepatopancreatic reflex effect evoked by intraportal
appearance of tGLP-1. Am J Physiol 1996; 271: E808-E813 [PMID:
8944665 DOI: 10.1152/ajpendo.1996.271.5.E808]
Konturek SJ, Pepera J, Zabielski K, Konturek PC, Pawlik T,
Szlachcic A, Hahn EG. Brain-gut axis in pancreatic secretion and
appetite control. J Physiol Pharmacol 2003; 54: 293-317 [PMID:
14566070]
Bernard C, Memoir on the pancreas and on the role of pancreatic
juice in digestive processes, particularly in the digestion of neutral
fat. By Claude Bernard. 1856. Translated by John Henderson.
Monogr Physiol Soc 1985; 42: 1-131 [PMID: 3912660]
Pavlov IP. The work of the digestive glands. (Translated by
Thompson WH) 1910; Charles Griffin and Company Ltd
Bayliss WM, Starling EH. The mechanism of pancreatic secretion.
J Physiol 1902; 28: 325-353 [PMID: 16992627 DOI: 10.1113/
jphysiol.1902.sp000920]
Chey WY, Chang TM. Neural control of the release and action of
secretin. J Physiol Pharmacol 2003; 54 Suppl 4: 105-112 [PMID:
15075453]
Singer MV, Solomon TE, Grossman MI. Effect of atropine on
secretion from intact and transplanted pancreas in dog. Am J
Physiol 1980; 238: G18-G22 [PMID: 6986796 DOI: 10.1152/
ajpgi.1980.238.1.G18]
Singer MV, Solomon TE, Wood J, Grossman MI. Latency of
pancreatic enzyme response to intraduodenal stimulants. Am J
Physiol 1980; 238: G23-G29 [PMID: 6153511 DOI: 10.1152/
ajpgi.1980.238.1.G23]
Solomon TE, Grossman MI. Effect of atropine and vagotomy
on response of transplanted pancreas. Am J Physiol 1979; 236:
E186-E190 [PMID: 369390 DOI: 10.1152/ajpendo.1979.236.2.E186]
Niebergall-Roth E, Singer MV. Enteropancreatic reflexes
mediating the pancreatic enzyme response to nutrients. Auton
Neurosci 2006; 125: 62-69 [PMID: 16490403 DOI: 10.1016/
j.autneu.2006.01.003]
Patrick A, Epstein O. Review article: gastroparesis. Aliment
Pharmacol Ther 2008; 27: 724-740 [PMID: 18248660 DOI:

WJG|www.wjgnet.com

31

32
33

34
35

36
37

38

39

40

41

42

43

44

45

46

47
48

49

3830

10.1111/j.1365-2036.2008.03637.x]
McMenamin CA, Travagli RA, Browning KN. Inhibitory
neurotransmission regulates vagal efferent activity and gastric
motility. Exp Biol Med (Maywood) 2016; 241: 1343-1350 [PMID:
27302177 DOI: 10.1177/1535370216654228]
Roze C. Central regulation of pancreatic secretion. Brain-gut
interactions 1991; Florida: CRC Press: 187-198.
Browning KN, Travagli RA. Central nervous system control
of gastrointestinal motility and secretion and modulation of
gastrointestinal functions. Compr Physiol 2014; 4: 1339-1368
[PMID: 25428846 DOI: 10.1002/cphy.c130055]
Travagli RA, Browning KN. Central autonomic control of the
pancreas. Central regulation of autonomic functions 2011; New
York: Oxford University Press
Hornby PJ. Receptors and transmission in the brain-gut axis. Ⅱ.
Excitatory amino acid receptors in the brain-gut axis. Am J Physiol
Gastrointest Liver Physiol 2001; 280: G1055-G1060 [PMID:
11352796 DOI: 10.1152/ajpgi.2001.280.6.G1055]
Vanormelingen C, Tack J, Andrews CN. Diabetic gastroparesis.
Br Med Bull 2013; 105: 213-230 [PMID: 23363458 DOI: 10.1093/
bmb/ldt003]
Li Y, Owyang C. Pancreatic secretion evoked by cholecystokinin
and non-cholecystokinin-dependent duodenal stimuli via vagal
afferent fibres in the rat. J Physiol 1996; 494 (Pt 3): 773-782 [PMID:
8865073 DOI: 10.1113/jphysiol.1996.sp021531]
Li Y, Owyang C. Endogenous cholecystokinin stimulates
pancreatic enzyme secretion via vagal afferent pathway in rats.
Gastroenterology 1994; 107: 525-531 [PMID: 8039628 DOI:
10.1016/0016-5085(94)90180-5]
Li Y, Hao Y, Zhu J, Owyang C. Serotonin released from intestinal
enterochromaffin cells mediates luminal non-cholecystokininstimulated pancreatic secretion in rats. Gastroenterology
2000; 118: 1197-1207 [PMID: 10833495 DOI: 10.1016/
S0016-5085(00)70373-8]
Li Y, Wu XY, Zhu JX, Owyang C. Intestinal serotonin acts as
paracrine substance to mediate pancreatic secretion stimulated by
luminal factors. Am J Physiol Gastrointest Liver Physiol 2001; 281:
G916-G923 [PMID: 11557511 DOI: 10.1152/ajpgi.2001.281.4.G916]
Beyak MJ, Bulmer DCE, Jiang W, Keating C, Rong W, Grundy D.
Extrinsic sensory afferent nerves innervating the gastrointestinal
tract. Physiology of the gastrointestinal tract 2006; 4th ed. Vol 1.
Burlington, MA: Elsevier Academic Press: 685-725
Mussa BM, Sartor DM, Verberne AJ. Activation of cholecystokinin
(CCK 1) and serotonin (5-HT 3) receptors increases the discharge
of pancreatic vagal afferents. Eur J Pharmacol 2008; 601: 198-206
[PMID: 19026634 DOI: 10.1016/j.ejphar.2008.11.007]
Li Y, Owyang C. Vagal afferent pathway mediates physiological
action of cholecystokinin on pancreatic enzyme secretion. J
Clin Invest 1993; 92: 418-424 [PMID: 8100836 DOI: 10.1172/
JCI116583]
Powley TL, Spaulding RA, Haglof SA. Vagal afferent innervation
of the proximal gastrointestinal tract mucosa: chemoreceptor and
mechanoreceptor architecture. J Comp Neurol 2011; 519: 644-660
[PMID: 21246548 DOI: 10.1002/cne.22541]
Li Y, Hao Y, Owyang C. High-affinity CCK-A receptors on the
vagus nerve mediate CCK-stimulated pancreatic secretion in rats.
Am J Physiol 1997; 273: G679-G685 [PMID: 9316472 DOI:
10.1152/ajpgi.1997.273.3.G679]
McCann MJ, Rogers RC. Functional and chemical neuroanatomy
of a gastric vago-vagal reflex. Innervation of the Gut:
Pathophysiological Implications, edited by Tache Y, Wingate DL
and Burks TF 1994; Florida: CRC Press
Niebergall-Roth E, Singer MV. Central and peripheral neural
control of pancreatic exocrine secretion. J Physiol Pharmacol
2001; 52: 523-538 [PMID: 11787756]
Smith BN, Dou P, Barber WD, Dudek FE. Vagally evoked synaptic
currents in the immature rat nucleus tractus solitarii in an intact
in vitro preparation. J Physiol 1998; 512 (Pt 1): 149-162 [PMID:
9729625 DOI: 10.1111/j.1469-7793.1998.149bf.x]
Streefland C, Maes FW, Bohus B. Autonomic brainstem

September 14, 2018|Volume 24|Issue 34|

Mussa BM et al. Neurohormonal coupled mechanisms in DGP

50

51

52

53
54

55

56

57

58

59

60

61
62

63

64
65

66

projections to the pancreas: a retrograde transneuronal viral
tracing study in the rat. J Auton Nerv Syst 1998; 74: 71-81 [PMID:
9915620 DOI: 10.1016/S0165-1838(98)00047-2]
Babic T, Browning KN, Travagli RA. Differential organization
of excitatory and inhibitory synapses within the rat dorsal vagal
complex. Am J Physiol Gastrointest Liver Physiol 2011; 300:
G21-G32 [PMID: 20947702 DOI: 10.1152/ajpgi.00363.2010]
Berthoud HR, Powley TL. Morphology and distribution of
efferent vagal innervation of rat pancreas as revealed with
anterograde transport of Dil. Brain Res 1991; 553: 336-341 [PMID:
1718546 DOI: 10.1016/0006-8993(91)90846-N]
Rinaman L, Miselis RR. The organization of vagal innervation of
rat pancreas using cholera toxin-horseradish peroxidase conjugate.
J Auton Nerv Syst 1987; 21: 109-125 [PMID: 3450690 DOI: 10.10
16/0165-1838(87)90014-2]
Mussa BM, Verberne AJ. Activation of the dorsal vagal nucleus
increases pancreatic exocrine secretion in the rat. Neurosci Lett 2008;
433: 71-76 [PMID: 18241988 DOI: 10.1016/j.neulet.2007.12.048]
Mussa BM, Sartor DM, Rantzau C, Verberne AJ. Effects of nitric
oxide synthase blockade on dorsal vagal stimulation-induced
pancreatic insulin secretion. Brain Res 2011; 1394: 62-70 [PMID:
21530944 DOI: 10.1016/j.brainres.2011.04.015]
Alm P, Ekström P, Henningsson R, Lundquist I. Morphological
evidence for the existence of nitric oxide and carbon monoxide
pathways in the rat islets of Langerhans: an immunocytochemical
and confocal microscopical study. Diabetologia 1999; 42: 978-986
[PMID: 10491758 DOI: 10.1007/s001250051256]
Sivarao DV, Krowicki ZK, Hornby PJ. Role of GABAA receptors
in rat hindbrain nuclei controlling gastric motor function.
Neurogastroenterol Motil 1998; 10: 305-313 [PMID: 9697105
DOI: 10.1046/j.1365-2982.1998.00110.x]
Travagli RA, Hermann GE, Browning KN, Rogers RC.
Brainstem circuits regulating gastric function. Annu Rev Physiol
2006; 68: 279-305 [PMID: 16460274 DOI: 10.1146/annurev.
physiol.68.040504.094635]
Berthoud HR, Powley TL. Identification of vagal preganglionics
that mediate cephalic phase insulin response. Am J Physiol
1990; 258: R523-R530 [PMID: 2178454 DOI: 10.1152/
ajpregu.1990.258.2.R523]
Ionescu E, Rohner-Jeanrenaud F, Berthoud HR, Jeanrenaud
B. Increases in plasma insulin levels in response to electrical
stimulation of the dorsal motor nucleus of the vagus nerve.
Endocrinology 1983; 112: 904-910 [PMID: 6337050 DOI:
10.1210/endo-112-3-904]
Fox EA, Powley TL. Tracer diffusion has exaggerated CNS maps
of direct preganglionic innervation of pancreas. J Auton Nerv Syst
1986; 15: 55-69 [PMID: 3512681 DOI: 10.1016/0165-1838(86)90
079-2]
Loewy AD, Haxhiu MA. CNS cell groups projecting to pancreatic
parasympathetic preganglionic neurons. Brain Res 1993; 620:
323-330 [PMID: 7690304 DOI: 10.1016/0006-8993(93)90174-L]
Browning KN, Coleman FH, Travagli RA. Characterization of
pancreas-projecting rat dorsal motor nucleus of vagus neurons.
Am J Physiol Gastrointest Liver Physiol 2005; 288: G950-G955
[PMID: 15637183 DOI: 10.1152/ajpgi.00549.2004]
Mussa BM, Sartor DM, Verberne AJ. Dorsal vagal preganglionic
neurons: differential responses to CCK1 and 5-HT3 receptor
stimulation. Auton Neurosci 2010; 156: 36-43 [PMID: 20346737
DOI: 10.1016/j.autneu.2010.03.001]
Berthoud HR, Neuhuber WL. Functional and chemical anatomy
of the afferent vagal system. Auton Neurosci 2000; 85: 1-17 [PMID:
11189015 DOI: 10.1016/S1566-0702(00)00215-0]
Cruz MT, Murphy EC, Sahibzada N, Verbalis JG, Gillis RA.
A reevaluation of the effects of stimulation of the dorsal motor
nucleus of the vagus on gastric motility in the rat. Am J Physiol
Regul Integr Comp Physiol 2007; 292: R291-R307 [PMID:
16990483 DOI: 10.1152/ajpregu.00863.2005]
Hermann GE, Travagli RA, Rogers RC. Esophageal-gastric
relaxation reflex in rat: dual control of peripheral nitrergic and
cholinergic transmission. Am J Physiol Regul Integr Comp Physiol

WJG|www.wjgnet.com

67
68

69

70
71
72

73

74

75

76

77

78

79

80
81
82

83
84

3831

2006; 290: R1570-R1576 [PMID: 16439669 DOI: 10.1152/
ajpregu.00717.2005]
Toda N, Herman AG. Gastrointestinal function regulation by
nitrergic efferent nerves. Pharmacol Rev 2005; 57: 315-338 [PMID:
16109838 DOI: 10.1124/pr.57.3.4]
Sanger GJ, Lee K. Hormones of the gut-brain axis as targets
for the treatment of upper gastrointestinal disorders. Nat Rev
Drug Discov 2008; 7: 241-254 [PMID: 18309313 DOI: 10.1038/
nrd2444]
Khoo J, Rayner CK, Feinle-Bisset C, Jones KL, Horowitz M.
Gastrointestinal hormonal dysfunction in gastroparesis and
functional dyspepsia. Neurogastroenterol Motil 2010; 22: 1270-1278
[PMID: 20939851 DOI: 10.1111/j.1365-2982.2010.01609.x]
Allescher HD, Ahmad S. Postulated physiological and
pathophysiological roles on motility. Neuropeptide Function in the
Gastrointestinal Tract 1991; Boca Raton: CRC Press: 311-371
Owyang C. Physiological mechanisms of cholecystokinin action
on pancreatic secretion. Am J Physiol 1996; 271: G1-G7 [PMID:
8760100 DOI: 10.1152/ajpgi.1996.271.1.G1]
Martindale R, Levin S, Alfin-Slater R. Effects of caerulein and
bombesin on insulin and glucagon secretion from the isolated,
perfused rat pancreas. Regul Pept 1982; 3: 313-324 [PMID:
7043666 DOI: 10.1016/0167-0115(82)90136-7]
Hermansen K. Effects of cholecystokinin (CCK)-4, nonsulfated
CCK-8, and sulfated CCK-8 on pancreatic somatostatin, insulin, and
glucagon secretion in the dog: studies in vitro. Endocrinology 1984;
114: 1770-1775 [PMID: 6143659 DOI: 10.1210/endo-114-5-1770]
Murphy JA, Criddle DN, Sherwood M, Chvanov M, Mukherjee
R, McLaughlin E, Booth D, Gerasimenko JV, Raraty MG, Ghaneh
P, Neoptolemos JP, Gerasimenko OV, Tepikin AV, Green GM,
Reeve JR Jr, Petersen OH, Sutton R. Direct activation of cytosolic
Ca2+ signaling and enzyme secretion by cholecystokinin in human
pancreatic acinar cells. Gastroenterology 2008; 135: 632-641
[PMID: 18555802 DOI: 10.1053/j.gastro.2008.05.026]
Andrews PL, Davis CJ, Bingham S, Davidson HI, Hawthorn J,
Maskell L. The abdominal visceral innervation and the emetic
reflex: pathways, pharmacology, and plasticity. Can J Physiol
Pharmacol 1990; 68: 325-345 [PMID: 2178756 DOI: 10.1139/
y90-047]
Blackshaw LA, Grundy D. Effects of 5-hydroxytryptamine (5-HT)
on the discharge of vagal mechanoreceptors and motility in the
upper gastrointestinal tract of the ferret. J Auton Nerv Syst 1993; 45:
51-59 [PMID: 8227964 DOI: 10.1016/0165-1838(93)90361-W]
Blackshaw LA, Grundy D. Effects of 5-hydroxytryptamine
on discharge of vagal mucosal afferent fibres from the upper
gastrointestinal tract of the ferret. J Auton Nerv Syst 1993; 45:
41-50 [PMID: 8227963 DOI: 10.1016/0165-1838(93)90360-7]
Hendrix TR, Atkinson M, Clifton JA, Ingelfinger FJ. The effect
of 5-hydroxytryptamine on intestinal motor function in man. Am J
Med 1957; 23: 886-893 [PMID: 13487606 DOI: 10.1016/0002-934
3(57)90298-X]
Misiewicz JJ, Waller SL, Eisner M. Motor responses of human
gastrointestinal tract to 5-hydroxytryptamine in vivo and in
vitro. Gut 1966; 7: 208-216 [PMID: 18668794 DOI: 10.1136/
gut.7.3.208]
Bornstein JC. Serotonin in the gut: what does it do? Front Neurosci
2012; 6: 16 [PMID: 22347162 DOI: 10.3389/fnins.2012.00016]
Chey WY, Chang T. Neural hormonal regulation of exocrine
pancreatic secretion. Pancreatology 2001; 1: 320-335 [PMID:
12120211 DOI: 10.1159/000055831]
Aja S. Serotonin-3 receptors in gastric mechanisms of
cholecystokinin-induced satiety. Am J Physiol Regul Integr Comp
Physiol 2006; 291: R112-R114 [PMID: 16690770 DOI: 10.1152/
ajpregu.00159.2006]
Fehmann HC, Göke R, Göke B. Glucagon-like peptide-1(737)/(7-36)amide is a new incretin. Mol Cell Endocrinol 1992; 85:
C39-C44 [PMID: 1382025 DOI: 10.1016/0303-7207(92)90118-P]
Schirra J, Göke B. The physiological role of GLP-1 in human:
incretin, ileal brake or more? Regul Pept 2005; 128: 109-115
[PMID: 15780430 DOI: 10.1016/j.regpep.2004.06.018]

September 14, 2018|Volume 24|Issue 34|

Mussa BM et al. Neurohormonal coupled mechanisms in DGP
Drucker DJ, Philippe J, Mojsov S, Chick WL, Habener JF.
Glucagon-like peptide I stimulates insulin gene expression and
increases cyclic AMP levels in a rat islet cell line. Proc Natl Acad
Sci USA 1987; 84: 3434-3438 [PMID: 3033647 DOI: 10.1073/
pnas.84.10.3434]
86 Drucker DJ. Glucagon-like peptides. Diabetes 1998; 47: 159-169
[PMID: 9519708 DOI: 10.2337/diab.47.2.159]
87 Fehmann HC, Göke R, Göke B. Cell and molecular biology of the
incretin hormones glucagon-like peptide-I and glucose-dependent
insulin releasing polypeptide. Endocr Rev 1995; 16: 390-410
[PMID: 7671853 DOI: 10.1210/edrv-16-3-390]
88 Harada K, Kitaguchi T, Kamiya T, Aung KH, Nakamura K, Ohta
K, Tsuboi T. Lysophosphatidylinositol-induced activation of the
cation channel TRPV2 triggers glucagon-like peptide-1 secretion
in enteroendocrine L cells. J Biol Chem 2017; 292: 10855-10864
[PMID: 28533434 DOI: 10.1074/jbc.M117.788653]
89 Nakatani Y, Maeda M, Matsumura M, Shimizu R, Banba N,
Aso Y, Yasu T, Harasawa H. Effect of GLP-1 receptor agonist on
gastrointestinal tract motility and residue rates as evaluated by
capsule endoscopy. Diabetes Metab 2017; 43: 430-437 [PMID:
28648835 DOI: 10.1016/j.diabet.2017.05.009]
90 Cork SC, Richards JE, Holt MK, Gribble FM, Reimann F, Trapp
S. Distribution and characterisation of Glucagon-like peptide-1
receptor expressing cells in the mouse brain. Mol Metab 2015; 4:
718-731 [PMID: 26500843 DOI: 10.1016/j.molmet.2015.07.008]
91 Kolligs F, Fehmann HC, Göke R, Göke B. Reduction of the
incretin effect in rats by the glucagon-like peptide 1 receptor
antagonist exendin (9-39) amide. Diabetes 1995; 44: 16-19 [PMID:
7813808 DOI: 10.2337/diab.44.1.16]
92 Wang Z, Wang RM, Owji AA, Smith DM, Ghatei MA, Bloom SR.
Glucagon-like peptide-1 is a physiological incretin in rat. J Clin
Invest 1995; 95: 417-421 [PMID: 7814643 DOI: 10.1172/JCI117671]
93 Wettergren A, Schjoldager B, Mortensen PE, Myhre J, Christiansen
J, Holst JJ. Truncated GLP-1 (proglucagon 78-107-amide) inhibits
gastric and pancreatic functions in man. Dig Dis Sci 1993; 38:
665-673 [PMID: 8462365 DOI: 10.1007/BF01316798]
94 Willms B, Werner J, Holst JJ, Orskov C, Creutzfeldt W, Nauck
MA. Gastric emptying, glucose responses, and insulin secretion
after a liquid test meal: effects of exogenous glucagon-like
peptide-1 (GLP-1)-(7-36) amide in type 2 (noninsulin-dependent)
diabetic patients. J Clin Endocrinol Metab 1996; 81: 327-332
[PMID: 8550773 DOI: 10.1210/jcem.81.1.8550773]
95 Kreymann B, Williams G, Ghatei MA, Bloom SR. Glucagon-like
peptide-1 7-36: a physiological incretin in man. Lancet 1987; 2:
1300-1304 [PMID: 2890903 DOI: 10.1016/S0140-6736(87)91194-9]
96 Nauck MA, Bartels E, Orskov C, Ebert R, Creutzfeldt W. Additive
insulinotropic effects of exogenous synthetic human gastric
inhibitory polypeptide and glucagon-like peptide-1-(7-36) amide
infused at near-physiological insulinotropic hormone and glucose
concentrations. J Clin Endocrinol Metab 1993; 76: 912-917 [PMID:
8473405 DOI: 10.1210/jcem.76.4.8473405]
97 Meyer JH, Gu YG, Jehn D, Taylor IL. Intragastric vs intraintestinal
viscous polymers and glucose tolerance after liquid meals of
glucose. Am J Clin Nutr 1988; 48: 260-266 [PMID: 3136640 DOI:
10.1093/ajcn/48.2.260]
98 Thompson DG, Wingate DL, Thomas M, Harrison D. Gastric
emptying as a determinant of the oral glucose tolerance test.
Gastroenterology 1982; 82: 51-55 [PMID: 7053335]
99 Woodyatt RT, Sansum WD, Wilder RM. Prolonged and accurately
timed intravenous injection of sugar. JAMA 1915; 65: 2067-2070
[DOI: 10.1001/jama.1915.02580240023006]
100 Tambascia MA, Malerbi DA, Eliaschewitz FG. Influence of gastric
emptying on the control of postprandial glycemia: physiology and
therapeutic implications. Einstein (Sao Paulo) 2014; 12: 251-253
[PMID: 25003936 DOI: 10.1590/S1679-45082014RB2862]
101 Vinik A, Nakave A, Chuecos Mdel P. A break in the brake
mechanism in diabetes: a cause of postprandial hyperglycemia.
Diabetes Care 2008; 31: 2410-2413 [PMID: 19033422 DOI:
10.2337/dc08-1694]
102 Fujino K, Inui A, Asakawa A, Kihara N, Fujimura M, Fujimiya
85

WJG|www.wjgnet.com

103

104
105

106

107

108

109
110

111

112

113

114
115

116
117
118

119

3832

M. Ghrelin induces fasted motor activity of the gastrointestinal
tract in conscious fed rats. J Physiol 2003; 550: 227-240 [PMID:
12837928 DOI: 10.1113/jphysiol.2003.040600]
Eliasson B, Björnsson E, Urbanavicius V, Andersson H, Fowelin
J, Attvall S, Abrahamsson H, Smith U. Hyperinsulinaemia impairs
gastrointestinal motility and slows carbohydrate absorption.
Diabetologia 1995; 38: 79-85 [PMID: 7744232 DOI: 10.1007/
BF02369356]
Jones KL, Horowitz M, Carney BI, Wishart JM, Guha S, Green L.
Gastric emptying in early noninsulin-dependent diabetes mellitus.
J Nucl Med 1996; 37: 1643-1648 [PMID: 8862300]
Sims MA, Hasler WL, Chey WD, Kim MS, Owyang C.
Hyperglycemia inhibits mechanoreceptor-mediated gastrocolonic
responses and colonic peristaltic reflexes in healthy humans.
Gastroenterology 1995; 108: 350-359 [PMID: 7835576 DOI:
10.1016/0016-5085(95)90060-8]
Schvarcz E, Palmér M, Aman J, Horowitz M, Stridsberg M, Berne
C. Physiological hyperglycemia slows gastric emptying in normal
subjects and patients with insulin-dependent diabetes mellitus.
Gastroenterology 1997; 113: 60-66 [PMID: 9207262 DOI:
10.1016/S0016-5085(97)70080-5]
Russo A, Stevens JE, Chen R, Gentilcore D, Burnet R, Horowitz
M, Jones KL. Insulin-induced hypoglycemia accelerates gastric
emptying of solids and liquids in long-standing type 1 diabetes. J
Clin Endocrinol Metab 2005; 90: 4489-4495 [PMID: 15899955
DOI: 10.1210/jc.2005-0513]
Ma J, Pilichiewicz AN, Feinle-Bisset C, Wishart JM, Jones
KL, Horowitz M, Rayner CK. Effects of variations in duodenal
glucose load on glycaemic, insulin, and incretin responses in type
2 diabetes. Diabet Med 2012; 29: 604-608 [PMID: 22004512 DOI:
10.1111/j.1464-5491.2011.03496.x]
Liu HP, Leong SK, Tay SS. Localization of NADPH-diaphorase
positive neurons in the pancreas of the mouse, rat, chick, kitten and
monkey. J Hirnforsch 1994; 35: 501-510 [PMID: 7533810]
Liu HP, Tay SS, Leong SK. Nitrergic neurons in the pancreas
of newborn guinea pig: their distribution and colocalization with
various neuropeptides and dopamine-beta-hydroxylase. J Auton
Nerv Syst 1996; 61: 248-256 [PMID: 8988482 DOI: 10.1016/
S0165-1838(96)00090-2]
De Giorgio R, Parodi JE, Brecha NC, Brunicardi FC, Becker JM,
Go VL, Sternini C. Nitric oxide producing neurons in the monkey
and human digestive system. J Comp Neurol 1994; 342: 619-627
[PMID: 8040367 DOI: 10.1002/cne.903420409]
Shimosegawa T, Abe T, Satoh A, Asakura T, Yoshida K, Koizumi
M, Toyota T. Histochemical demonstration of NADPH-diaphorase
activity, a marker for nitric oxide synthase, in neurons of the rat
pancreas. Neurosci Lett 1992; 148: 67-70 [PMID: 1284446 DOI:
10.1016/0304-3940(92)90806-I]
Sha L, Miller SM, Szurszewski JH. Nitric oxide is a
neuromodulator in cat pancreatic ganglia: histochemical and
electrophysiological study. Neurosci Lett 1995; 192: 77-80 [PMID:
7675325 DOI: 10.1016/0304-3940(95)11614-3]
Umehara K. [Localization of NADPH-diaphorase activity and
NOS immunoreactivity in the pancreas of rat and dog]. Nihon
Shokakibyo Gakkai Zasshi 1995; 92: 1161-1168 [PMID: 7563923]
Corbett JA, Wang JL, Misko TP, Zhao W, Hickey WF, McDaniel
ML. Nitric oxide mediates IL-1 beta-induced islet dysfunction and
destruction: prevention by dexamethasone. Autoimmunity 1993;
15: 145-153 [PMID: 7692996 DOI: 10.3109/08916939309043889]
Vincent SR. Nitric oxide and arginine-evoked insulin secretion.
Science 1992; 258: 1376-1378 [PMID: 1455235 DOI: 10.1126/
science.1455235]
Panagiotidis G, Akesson B, Alm P, Lundquist I. The nitric oxide
system in the endocrine pancreas induces differential effects on
secretion of insulin and glucagon. Endocrine 1994; 2: 787-792
Panagiotidis G, Alm P, Lundquist I. Inhibition of islet nitric
oxide synthase increases arginine-induced insulin release. Eur J
Pharmacol 1992; 229: 277-278 [PMID: 1283375 DOI: 10.1016/00
14-2999(92)90568-O]
Schmidt HH, Warner TD, Ishii K, Sheng H, Murad F. Insulin

September 14, 2018|Volume 24|Issue 34|

Mussa BM et al. Neurohormonal coupled mechanisms in DGP

120

121

122
123
124

125

126

127

128

129

130

131

secretion from pancreatic B cells caused by L-arginine-derived
nitrogen oxides. Science 1992; 255: 721-723 [PMID: 1371193
DOI: 10.1126/science.1371193]
Salehi A, Carlberg M, Henningson R, Lundquist I. Islet
constitutive nitric oxide synthase: biochemical determination and
regulatory function. Am J Physiol 1996; 270: C1634-C1641 [PMID:
8764145 DOI: 10.1152/ajpcell.1996.270.6.C1634]
Gangula PR, Chinnathambi V, Hale AB, Mukhopadhyay S,
Channon KM, Ravella K. Impairment of nitrergic system and
delayed gastric emptying in low density lipoprotein receptor
deficient female mice. Neurogastroenterol Motil 2011; 23: 773-e335
[PMID: 21414103 DOI: 10.1111/j.1365-2982.2011.01695.x]
Lidums I, Hebbard GS, Holloway RH. Effect of atropine on
proximal gastric motor and sensory function in normal subjects.
Gut 2000; 47: 30-36 [PMID: 10861261 DOI: 10.1136/gut.47.1.30]
Azpiroz F, Malagelada JR. Importance of vagal input in
maintaining gastric tone in the dog. J Physiol 1987; 384: 511-524
[PMID: 2888879 DOI: 10.1113/jphysiol.1987.sp016467]
Coulie B, Tack J, Sifrim D, Andrioli A, Janssens J. Role of nitric
oxide in fasting gastric fundus tone and in 5-HT1 receptor-mediated
relaxation of gastric fundus. Am J Physiol 1999; 276: G373-G377
[PMID: 9950810 DOI: 10.1152/ajpgi.1999.276.2.G373]
Mihara H, Suzuki N, Yamawaki H, Tominaga M, Sugiyama T.
TRPV2 ion channels expressed in inhibitory motor neurons of
gastric myenteric plexus contribute to gastric adaptive relaxation
and gastric emptying in mice. Am J Physiol Gastrointest Liver
Physiol 2013; 304: G235-G240 [PMID: 23203157 DOI: 10.1152/
ajpgi.00256.2012]
Di Stefano M, Miceli E, Mazzocchi S, Tana P, Corazza GR. The
role of gastric accommodation in the pathophysiology of functional
dyspepsia. Eur Rev Med Pharmacol Sci 2005; 9: 23-28 [PMID:
16457126]
Petrakis IE, Vrachassotakis N, Vassilakis SJ, Sciacca V,
Chalkiadakis G. Erythromycin enhances solid-phase gastric
emptying in induced-hyperglycemia in patients with truncal
vagotomy and pyloroplasty. Dig Dis Sci 2000; 45: 937-945 [PMID:
10795758 DOI: 10.1023/A:1005577125356]
Howlett PJ, Sheiner HJ, Barber DC, Ward AS, Perez-Avila CA,
Duthie HL. Gastric emptying in control subjects and patients with
duodenal ulcer before and after vagotomy. Gut 1976; 17: 542-550
[PMID: 964687 DOI: 10.1136/gut.17.7.542]
Chen J, Koothan T, Chen JD. Synchronized gastric electrical
stimulation improves vagotomy-induced impairment in gastric
accommodation via the nitrergic pathway in dogs. Am J Physiol
Gastrointest Liver Physiol 2009; 296: G310-G318 [PMID:
19023028 DOI: 10.1152/ajpgi.90525.2008]
Rivera LR, Poole DP, Thacker M, Furness JB. The involvement
of nitric oxide synthase neurons in enteric neuropathies.
Neurogastroenterol Motil 2011; 23: 980-988 [PMID: 21895878
DOI: 10.1111/j.1365-2982.2011.01780.x]
Piciucchi M, Capurso G, Archibugi L, Delle Fave MM,
Capasso M, Delle Fave G. Exocrine pancreatic insufficiency

132

133

134

135

136
137
138

139

140
141

142
143

144

in diabetic patients: prevalence, mechanisms, and treatment.
Int J Endocrinol 2015; 2015: 595649 [PMID: 25892991 DOI:
10.1155/2015/595649]
Hardt PD, Brendel MD, Kloer HU, Bretzel RG. Is pancreatic
diabetes (type 3c diabetes) underdiagnosed and misdiagnosed?
Diabetes Care 2008; 31 Suppl 2: S165-S169 [PMID: 18227480
DOI: 10.2337/dc08-s244]
Hardt PD, Ewald N. Exocrine pancreatic insufficiency in diabetes
mellitus: a complication of diabetic neuropathy or a different
type of diabetes? Exp Diabetes Res 2011; 2011: 761950 [PMID:
21822421 DOI: 10.1155/2011/761950]
Ewald N, Raspe A, Kaufmann C, Bretzel RG, Kloer HU, Hardt
PD. Determinants of Exocrine Pancreatic Function as Measured by
Fecal Elastase-1 Concentrations (FEC) in Patients with Diabetes
mellitus. Eur J Med Res 2009; 14: 118-122 [PMID: 19380282]
Chowdhury RS, Forsmark CE, Davis RH, Toskes PP, Verne GN.
Prevalence of gastroparesis in patients with small duct chronic
pancreatitis. Pancreas 2003; 26: 235-238 [PMID: 12657948 DOI:
10.1097/00006676-200304000-00005]
Czul F, Coronel E, Donet JA. [Update on chronic pancreatitis:
review article]. Rev Gastroenterol Peru 2017; 37: 146-155 [PMID:
28731995]
Liddle RA, Morita ET, Conrad CK, Williams JA. Regulation of
gastric emptying in humans by cholecystokinin. J Clin Invest 1986;
77: 992-996 [PMID: 3949984 DOI: 10.1172/JCI112401]
Shoji E, Okumura T, Onodera S, Takahashi N, Harada K, Kohgo Y.
Gastric emptying in OLETF rats not expressing CCK-A receptor
gene. Dig Dis Sci 1997; 42: 915-919 [PMID: 9149042 DOI:
10.1023/A:1018860313674]
Poulsen JL, Olesen SS, Malver LP, Frøkjær JB, Drewes AM.
Pain and chronic pancreatitis: a complex interplay of multiple
mechanisms. World J Gastroenterol 2013; 19: 7282-7291 [PMID:
24259959 DOI: 10.3748/wjg.v19.i42.7282]
Woolf CJ. Central sensitization: implications for the diagnosis and
treatment of pain. Pain 2011; 152: S2-15 [PMID: 20961685 DOI:
10.1016/j.pain.2010.09.030]
Nakamura T, Takebe K, Ishii M, Kasai F, Arai Y, Tando Y,
Yamada N, Terada A, Suda T. Study of gastric emptying in patients
with pancreatic diabetes (chronic pancreatitis) using acetaminophen
and isotope. Acta Gastroenterol Belg 1996; 59: 173-177 [PMID:
9015926]
Frier BM. The incidence and impact of hypoglycemia in type
1 and type 2 diabetes. International Diabetes Monitor 2009; 21:
210-218
Gerich JE, Langlois M, Noacco C, Karam JH, Forsham PH. Lack
of glucagon response to hypoglycemia in diabetes: evidence for an
intrinsic pancreatic alpha cell defect. Science 1973; 182: 171-173
[PMID: 4581053 DOI: 10.1126/science.182.4108.171]
Siafarikas A, Johnston RJ, Bulsara MK, O’Leary P, Jones TW,
Davis EA. Early loss of the glucagon response to hypoglycemia
in adolescents with type 1 diabetes. Diabetes Care 2012; 35:
1757-1762 [PMID: 22699295 DOI: 10.2337/dc11-2010]
P- Reviewer: Mihara H S- Editor: Wang XJ
L- Editor: A E- Editor: Bian YN

WJG|www.wjgnet.com

3833

September 14, 2018|Volume 24|Issue 34|

World J Gastroenterol 2018 September 14; 24(34): 3834-3848

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i34.3834

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Drug resistance and new therapies in colorectal cancer
Kevin Van der Jeught, Han-Chen Xu, Yu-Jing Li, Xiong-Bin Lu, Guang Ji
Received: April 27, 2018
Peer-review started: April 27, 2018
First decision: May 30, 2018
Revised: June 25, 2018
Accepted: July 16, 2018
Article in press: July 16, 2018
Published online: September 14, 2018

Kevin Van der Jeught, Han-Chen Xu, Yu-Jing Li, Xiong-Bin
Lu, Guang Ji, Institute of Digestive Diseases, Longhua Hospital,
Shanghai University of Traditional Chinese Medicine, Shanghai
200032, China
Kevin Van der Jeught, Han-Chen Xu, Yu-Jing Li, Xiong-Bin
Lu, Department of Medical and Molecular Genetics, Indiana
University School of Medicine, Indianapolis, IN 46202, United
States
Xiong-Bin Lu, Indiana University Melvin and Bren Simon
Cancer Center, Indiana University School of Medicine,
Indianapolis, IN 46202, United States

Abstract
Colorectal cancer (CRC) is often diagnosed at an
advanced stage when tumor cell dissemination has
taken place. Chemo- and targeted therapies provide
only a limited increase of overall survival for these
patients. The major reason for clinical outcome finds
its origin in therapy resistance. Escape mechanisms
to both chemo- and targeted therapy remain the
main culprits. Here, we evaluate major resistant
mechanisms and elaborate on potential new therapies.
Amongst promising therapies is α-amanitin antibodydrug conjugate targeting hemizygous p53 loss. It
becomes clear that a dynamic interaction with the
tumor microenvironment exists and that this dictates
therapeutic outcome. In addition, CRC displays a
limited response to checkpoint inhibitors, as only a
minority of patients with microsatellite instable high
tumors is susceptible. In this review, we highlight
new developments with clinical potentials to augment
responses to checkpoint inhibitors.
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Core tip: Therapy resistance has been a culprit for
colorectal cancer (CRC) treatment. Here, we review a
novel therapeutic approach using α-amanitin antibodydrug conjugates inhibiting RNA polymerase Ⅱ against

3834

September 14, 2018|Volume 24|Issue 34|

Van der Jeught K et al. New therapeutic avenues in CRC
encompasses the combination of 5-FU and leucovorin
[5]
with oxaliplatin or irinotecan . The medical treatment
in CRC has made great strides with the advent of
monoclonal antibodies such as Bevacizumab and
Cetuximab. Despite the improvement in response rates
with various modulation strategies such as monoclonal
antibodies combined with chemotherapy, the five-year
survival rate for metastatic CRC (mCRC) is only slightly
[1]
over 12 percent . One of the major obstacles for this
observation is due to the appearance of drug resistance.
Nearly half of mCRC patients are resistant to 5-FU-based
[6]
chemotherapies . With continuous research, multiple
drug resistance mechanisms are being unraveled, such
as enhanced DNA repair and increased drug metabolism.

CRC with hemizygous loss of p53. Since its mechanism
of cell killing is independent of the generally used
tubulin inhibitors and chemotherapy drugs, this
approach shows the promise to overcome common drug
resistance. In addition, we summarize the sensitivity of
CRC to newly developed immune checkpoint inhibitors.
While patients with microsatellite instability-high
CRC remain the sole subgroup responsive to current
checkpoint inhibitors so far, we highlight potentially
new developments that may lead to promising results
in treating patients with microsatellite-stable CRC,
which constitutes the majority of this disease.
Van der Jeught K, Xu HC, Li YJ, Lu XB, Ji G. Drug resistance
and new therapies in colorectal cancer. World J Gastroenterol
2018; 24(34): 3834-3848 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i34/3834.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i34.3834

Chemotherapy resistance and their potential mechanisms

In addition to the above-mentioned general resistance
mechanisms, 5-FU also has its unique drug resistance.
5-FU is a synthetic fluorinated pyrimidine analog that
inhibits DNA replication. This leads to the replacement
of thymidine by fluorinated nucleotides into the DNA,
hereby causing cell death. Therefore, it is not surprising
that 5-FU resistance is closely related to the expression
of thymidylate synthase (TS). Since TS is the primary
target of 5-FU, patients with low TS expression display
a better overall survival (OS) than patients with higher
[7,8]
TS expression in tumor tissue . As TS is encoded
by the TYMS gene, the level of TYMS gene expression
[9]
offers significant prognostic value . Thymidine
phosphorylase (TP), uridine phosphorylase (UP), orotate
phosphoribosyl transferase (OPRT) and dihydropyrimidine
dehydrogenase (DPD) are all involved in the metabolism
and degradation of 5-FU. The relationship between their
activity and the sensitivity of CRC to 5-FU has been
demonstrated in several studies. Higher expression of
TP, UP and OPRT levels displayed enhanced sensitivity to
[10-12]
5-FU therapy
. Similarly, as DPD contributes to the
degradation of 5-FU, its expression level was inversely
[11]
correlated with chemosensitivity . Collectively, inhibition
of the activity of these enzymes could allow enhanced
sensitivity to 5-FU.
In 1996, irinotecan (CPT-11) was approved by
the FDA for CRC treatment. Irinotecan is a semisynthetic camptothecin derivative that selectively
inhibits topoisomerase Ⅰ (Topo Ⅰ). In the cell, CPT-11
undergoes intracellular modifications such as the
removal of the C10 group through carboxylesterase
catalysis, and then is metabolized to become 7-ethyl10-hydroxycamptothecin (SN-38). SN-38 possesses
100 to 1000 times stronger anticancer activity than
[13]
CPT-11 . CPT-11 or its active metabolite SN-38 forms
a topoisomerase-inhibitor-DNA complex affecting the
DNA function. Therefore, the higher the concentration
of Topo Ⅰ, the more sensitive the cells becomes to
[14,15]
irinotecan
. Carboxylesterases (CES), uridine
diphosphate glucuronosyltransferase (UGT), hepatic
cytochrome P-450 enzymes CYP3A, β-glucuronidase
and ATP-binding cassette (ABC) transporter protein are
involved in the uptake and metabolism of irinotecan.

INTRODUCTION
Colorectal cancer (CRC) is ranked third amongst the
most common cancers affecting both men and women
[1]
worldwide . Over one million new cases are reported
and around 600000 patients die from the disease
[2]
every year . The five-year survival prognosis is highly
dependent on the stage of the disease. While displaying
over 90 percent survival for patients with stage Ⅰ
CRC, it barely reaches 10 percent for patients with
stage Ⅳ CRC. Thus, early detection of the disease has
been a priority. For patients failing to be screened early
enough, late-stage CRC remains an arduous disease to
treat. The basis of CRC treatment consists of surgery,
targeted therapy, neoadjuvant radiotherapy and
adjuvant chemotherapy. Unfortunately, drug-resistance
remains one of the deadlocks for the low survival rates
of CRC patients. A better understanding in the intrinsic
and acquired therapy resistance will be a great asset
for drug development. Recently, the impact of the
tumor microenvironment (TME) has gained attention in
CRC, prompting the extensive analysis of clinical trials
to assess immune-cell infiltration as prognostic and
predictive markers. In addition, a promising avenue of
clinical research for the treatment of CRC is the use of
immunotherapy. Currently, encouraging results have
been obtained with the use of immune checkpoint
inhibitors in CRC in subgroups of patients. Discovery to
improve the responsiveness to checkpoint inhibitors is
one of the major points of focus for CRC treatment and
will be a point of focus during this review.

Drug resistance in CRC

Since the 1950s, 5-fluorouracil (5-FU)-based chemo
therapy remains the mainstay of therapy for patients
[3,4]
with CRC . In recent years, chemotherapy drugs such
as oxaliplatin, irinotecan and capecitabine have been
developed. Conventional treatment for advanced CRC
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Consequently, they stand out as major players that
[16,17]
determine drug resistance
. Additionally, targeting
the MAPK signal transduction pathway via the inhibition
of FGF2, FGF9, MECOM, PLA2G4C and PRKACB could
[18]
also potentially improve responsiveness to irinotecan .
Epigenetic changes take part in development of
irinotecan resistance. A change in histone acetylation,
such as H4K16 acetylation, is associated with the
resistance to irinotecan. Combinatory therapy with
histone deacetylase (HDAC) inhibitors holds promise in
[19]
overcoming irinotecan resistance .
Oxaliplatin, a platinum-based chemotherapeutic
drug, is approved for the treatment of CRC. Itis most
commonly combined with 5-FU and leucovorin, a
folinic acid. The combination of these drugs as a
treatment regimen is referred to as FOLFOX and has
been the first-line chemotherapy strategy for mCRC.
The chemical structure difference between oxaliplatin
and other platinum-based chemotherapeutic drugs is
that oxaliplatin possesses a 1,2-diaminocyclohexane
ligand (DACH). DACH together with its platinum
compound causes DNA to be more difficult to repair,
[20]
hereby improving its tumor cell killing potential .
Oxaliplatin resistance is related to the nucleotide
excision repair (NER) pathway. Gene expression
levels of ERCC1, XRCC1 and XDP are correlated with
resistance to oxaliplatin, and can be used together as a
[21]
drug sensitivity predictor index . In addition to NER,
the WBSCR22 protein represents a novel oxaliplatin
resistance biomarker as well as a possible drug target
[22]
for therapeutic development . Transforming growth
factor-β1 (TGF-β1) is secreted abundantly by a variety
of cells within the TME. TGF-β1 is thought to help the
induction of resistance to oxaliplatin through epithelial
[23]
to mesenchymal transition (EMT) . Thus, interfering
with TGF-β1 to abrogate EMT could potentially sensitize
tumor cells towards oxaliplatin cell-mediated killing.
Capecitabine is the first oral chemotherapy drug for
CRC. It is metabolized in the body and converted to
5’-deoxy-5-fluorocytidine (5’-OFCR) and 5’-deoxy-5fluorouridine (5’-DFUR). Hereafter, 5’-DFUR is eventually
hydrolyzed by TP to 5-FU, which will exert its cytotoxic
effect. Many of the resistance mechanisms involved in
5-FU resistance are shared. In particular, TP, which is an
essential enzyme for the conversion of capecitabine to
5-FU, plays a central role in its resistance. Patients with
higher expression levels of TP will have better responses
to capecitabine, while loss of function confers the
[24,25]
resistance
.The multinational phase Ⅲ trial provided
evidence for capecitabine and irinotecan combination
therapy (XELIRI) with or without Bevacizumab as a
[26,27]
second-line treatment option of mCRC
.
In addition to the above described mechanisms,
there is tremendous heterogeneity within CRC cells.
The discovery of cancer stem cells and their therapy
resistance as well as their self-renewal capacity has
driven the attention towards this peculiar cell population.
This specific subset of tumor cells has been shown to
[28,29]
be prognostic for patients
. So far, CRC stem cells
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have been reported to be enriched for specific surface
high
high
+
markers such as CD133, EphB2 , EpCAM , CD44 ,
+
+
+
+[30]
CD166 , ALDH , LGR5 and CD44v6
. Aside from
surface markers, cancer stem cells can be characterized
through molecular features such as hyperactivated
β-catenin pathway and functional traits such as self[31,32]
renewal
. Another functional phenotype is their
expression of efflux pumps such as the ATP binding
[28]
cassette (ABC) family members, including ABCG2 .
The presence of efflux pumps promotes the transport of
drugs, such as chemotherapeutic compounds, outside
the cell. Therefore, cancer stem cells are in part more
resistant to chemotherapy. Cancer stem cells have
shown an ability to respond to therapy challenges such
as chemotherapy, radiotherapy and more recently
[33-35]
immunotherapy
.
Taken together, many chemotherapeutic regimens
are currently being adopted for the treatment of CRC.
However, this disease displays specific mechanisms
rendering a lower therapeutic benefit (Figure 1). Indepth study of drug resistance and targeting the cancer
stem cell population will eventually improve the clinical
outcome.

Hurdles and new avenues for targeted therapy

Targeted therapies including monoclonal antibodies
and small molecule inhibitors are effective treatments
following chemotherapy. With the apparition of mono
clonal antibodies against vascular endothelial growth
factor (VEGF) and epidermal growth factor receptor
[36-38]
(EGFR), the OS for CRC increased up to three years
.
Targeted therapies display significantly lower side effects
as compared to chemotherapy. Bevacizumab is the first
anti-angiogenic drug that can precisely target VEGF,
[39]
leading to reduced tumor growth . Kabbinavar and
colleagues showed improved response rates and OS
from data obtained from three clinical trials comparing
patients treated with fluorouracil/leucovorin alone or
[40]
in combination with Bevacizumab . However, the
survival benefit of anti-VEGF therapy in mCRC patients
is limited to a few months due to acquired resistance.
During Bevacizumab exposure, VEGF-A is decreased,
but increased levels of VEGFR1 result in drug resistance.
Decreased hepatocyte growth factor (HGF) levels
are observed during acquired resistance, suggesting
the potential implementation of strategies to counter
[41]
[42]
HGF-ligand inhibition . Findings by Carbone et al
propose a role for the transcription factor HOXB9 as
one of the key mechanisms of anti-VEGF resistance.
Silencing HOXB9 is thought to be a promising approach
to modulate this resistance. Despite these few findings,
the major mechanism of drug resistance to anti-VEGF
therapy is not fully elucidated. Further research on
drug resistance mechanisms, as well as on predictive
biomarkers, is therefore essential.
EGFR is a key component involved in the regulation
of cell proliferation. Anti-EGFR antibodies, such as
Cetuximab and Panitumumab, inhibit downstream
signaling pathways. This leads to an inhibition of
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TopoⅠ

CES

ABC protein

TS

TP

showed that Regorafenib treatment could improve the
[56,57]
OS by 1.4 mo and 2.5 mo
. Even though these drugs
are approved, they display limited progression free sur
[44,58]
vival (PFS) and OS due to resistance
. Their major
advantage is that they have limited toxicity side effects
as compared to chemotherapeutic drugs.
CRC development and progression is associated with
acquired genomic events. The amount of mutations and
genomic alterations is extensive. One of the main drivers
for cancer development is gene copy number variation,
such as the amplification of oncogenes or the deletion
of tumor suppressor genes. Over the years, significant
work has been done to tackle the tumor suppressor p53
activity in cancer therapies. Usually, promotion of cancer
development can occur when a tumor suppressor gene,
such as p53, undergoes a two-hit modification, being
the mutation of the gene and the hemizygous loss of its
other counterpart on the other arm of the chromosome.
Unfortunately, no effective drug has reached the clinic
[59]
due to its complex signaling pathway . We demonstrate
that genomic deletion of p53 frequently encompasses
neighboring essential genes, rendering cancer cells
with hemizygous p53 deletion vulnerable to further
suppression of such genes. POLR2A is identified as such
a gene that is always co-deleted with p53 in human
cancers. Hemizygous loss of p53/POLR2A occurs in
53% of CRC. POLR2A encodes the largest and catalytic
subunit of RNA polymerase Ⅱ complex. It is specifically
inhibited by α-amanitin, a cyclic 8-aa peptide toxin found
[60,61]
in the death cap mushroom (Amanita phalloides)
.
Suppression of POLR2A selectively inhibits proliferation,
survival and tumorigenic potential of CRC cells with
hemizygous p53 loss. Previous clinical applications of
α-amanitin have been limited due to its liver toxicity.
Free α-amanitin causes apoptosis and necrosis of
hepatocytes by interacting with the hepatocyte-specific
[62]
transporting protein OATP1B3 . However, α-amanitin
is no longer a substrate for OATP1B3 when coupled to
[63]
antibodies . Therefore, α-amanitin-based antibody
drug conjugates (ADCs) are highly effective therapeutic
agents with significantly reduced toxicity. Our study has
shown that low doses of α-amanitin-conjugated antiepithelial cell adhesion molecule (EpCAM) antibody
leads to complete tumor regression in murine models of
human CRC with hemizygous deletion of POLR2A (Figure
[64]
2) . The preclinical studies provide the foundation for
future clinical trials. The major advantage for the use of
such targeted therapy is that the function of POLR2A is
essential for cell survival. Thus, no alternative “escape”
pathway can be recruited, leading to drug resistance.
In addition, this mode of action is not related to the
proliferation of cancer cells. Cancer stem cells would be
also targeted via this approach, leading to a potentially
more pronounced therapeutic benefit. However,
hypothetically, resistance could occur if the remaining
POLR2A allele would undergo mutations, amplification or
transcriptional activation as well as post-transcriptional
or post-translation enhancement. In addition, tumor
cells could downregulate the EpCAM receptor on their

UP

β-glucuronidase
OPRT

UGT
HDAC

Irinotecan

5-FU

CYP3A

Capecitabine

Oxaliplatin

TP

DPD

NER

TGF-β1

Figure 1 Potential mechanisms of resistance to chemotherapy agents.
In this schematic representation, the grey boxes highlight major contributors
to chemotherapy resistance of irinotecan, 5-FU, capecitabine and oxaliplatin.
TopoⅠ: TopoisomeraseⅠ; CES: Carboxylesterases; UGT: Uridine diphosphate
glucuronosyltransferase; CYP3A: Hepatic cytochrome P450 enzymes;
HDAC: Histone deacetylase; ABC protein: ATP-binding cassette transporter
protein; TP: Thymidine phosphorylase; NER: Nucleotide excision repair;
TGF-β1: Transforming growth factor β1; TS: Thymidylate synthase; UP:
Uridine phosphorylase; OPRT: Orotate phosphoribosyl transferase; DPD:
Dihydropyrimidine dehydrogenase.

proliferation and induction of apoptosis. KRAS or NRAS
mutations are well-known predictors of resistance to
[43]
anti-EGFR therapy . The efficacy of Cetuximab was
demonstrated in the CRYSTAL trial for patients with wild
type KRAS in combination with FOLFIRI (leucovorin +
5-FU + irinotecan) or FOLFOX regimen. In this trial, the
median OS was extended for more than three months.
However, patients with CRC carrying KRAS mutations
[36,44]
did not benefit from the combination therapy
.
In addition, several clinical trials proved that either
Cetuximab or Panitumumab significantly improved the
OS in wild-type KRAS patients. The effect was more
pronounced in wild-type RAS mCRC, delineating that
RAS mutation could be a negative predictive marker for
[45-47]
Panitumumab
. However, the G13D KRAS mutation
in exon 2 codon 13 deserves particular attention. In
several studies, patients harboring the G13D KRAS
mutation as well as wild-type KRAS, significantly
benefited from the addition of Cetuximab based on
[48-50]
OS
. Some studies pointed out that BRAF, PTEN and
PIK3CA (like KRAS) have predictive value for anti-EGFR
[36,51-54]
treatment efficacy
. All of the clinical trials support
KRAS and BRAF mutation assessment for mCRC patients
before initiation of treatment with anti-EGFR therapy.
In addition to the above-described targeted therapies,
Regorafenib, a multikinase inhibitor, is also approved for
the treatment of mCRC. It can inhibit the function of fmsrelated tyrosine kinase 1 (FLT1), kinase insert domain
receptor (KDR), TEK receptor tyrosine kinase, KIT protooncogene receptor tyrosine kinase, Raf-1 proto-oncogene
[55]
and serine/threonine kinase . Two phase Ⅲ clinic trails
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Figure 2 Working model of α-amanitin antibody-drug conjugates. Genomic deletion of p53 frequently encompasses neighboring essential genes such as
POLR2A. Colorectal cancer (CRC) cells displaying this loss are vulnerable to α-amanitin. The figure summarizes the different steps in α-amanitin-based antibody
drug conjugate (ADC) killing of CRC cells with hemizygous p53 loss. (1) The ADC binds to CRC cells expressing epithelial cell adhesion molecule (EpCAM). (2)
Hereafter, the ADC is internalized via receptor-mediated endocytosis. After fusing with lysozyme (3) the α-amanitin is released in the cytoplasm (4), leading to
inhibition of the catalytic subunit of RNA polymerase Ⅱ complex (5). Suppression of POLR2A will ultimately lead to cell death (6).

of cancer immunity and tumor-promoting inflammation
[67]
have become hallmarks of cancer . The TME plays a
critical role at the different stages of the disease from
a physiological colonic epithelium to an adenomatous
polyp and eventually to a mCRC. The TME confers to
CRC cell survival, immune evasion and a favorable
environment to grow and metastasize.
The TME consists of a variety of cells that are
continuously interacting with each other in a dynamic
manner: Immune cells, extra-cellular matrix, cancer
associated fibroblasts, endothelial cells, endothelial
progenitor cells, platelets and mesenchymal stem cells,
to name a few. The initial attraction of these cell types is
mediated through inflammation, leading to the secretion
by both the tumor cells and stromal cells of a variety
of cytokines and chemokines. Stromal inflammation
was shown to promote the evolution of adenomas
[68]
to adenocarcinomas in nude mice . Ultimately, the

surface, hereby avoiding the binding of the ADC.

TUMOR MICROENVIRONMENT, MICROBE
BIOFILM, AND THEIR CONTRIBUTION TO
DRUG RESISTANCE AND TUMORIGENESIS
CRC is often diagnosed at a later stage when tumor cell
dissemination has taken place. Over the last decades,
metastatic disease, occurring in almost half of the
patients, has been a challenge for clinicians to treat
and remains an incurable disease. Unfortunately, most
of the promising preclinical approaches have proven
scarce in clinical translation. The metastatic process
has been extensively investigated but has yet to be
linked with specific genetic alterations of epithelial CRC
[65]
cells . Nevertheless, it has become clear that one of
[66]
the key issues relies on the TME . Therefore, blockage
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[79]

tumor breaches the equilibrium and the tumor becomes
uncontrollable. At this stage tumor cells will abuse
stromal cells to promote tumor survival, proliferation
and metastasis.
Dendritic cells (DCs) are considered the most
professional antigen presenting cells (APCs) and are
essential to generate a proper adaptive immune
[69]
response . Ideally, DCs within the TME will engulf
tumor associated antigens (TAAs) and migrate towards
the draining lymph nodes, where they will elicit T-cell
mediated responses. In CRC, no correlation was
found between the frequency of DCs in the tumor and
[70]
[71]
patient survival . O'Toole et al , however, could
link the capacity of tumor conditioned media to inhibit
the lipopolysaccharide (LPS)-induced maturation of
DCs with patient survival. The suppression of DCs
was independent of the stage of the disease. Thus,
the outcome could be rather linked with the potential
functionality of DCs than their presence in the TME.
DCs are very versatile based on their environment.
In a suppressive environment that hampers their
maturation, they become tolerogenic or regulatory
DCs, which promote tumor cell survival. On the other
hand, well-activated DCs will induce immunity and Th1
immune cell responses.
The role of tumor associated macrophages (TAMs)
is of particular interest in CRC. Usually in most types
of solid cancers, the infiltration of TAMs is linked with
a poor survival and enhanced metastasis. However
in CRC, the infiltration of TAMs is linked with better
[72,73]
[74]
prognosis
. Recently, Zhang et al
conducted a
meta-analysis of 55 studies with a total of 8692 patients
in which they correlated the survival with the infiltration
of TAMs using the pan-macrophage marker CD68.
Strikingly, only in CRC were favorable clinical outcomes
correlated with their infiltration. Moreover, TAM-rich
tumors are accompanied with a lower amount of both
[74]
lymph node and distant metastases .
A variety of chemoattractants are involved in the
recruitment of monocytes in the TME. Chemokines such
as C-C motif chemokine ligand-2 (CCL-2), CCL-5 and
C-X-C motif chemokine ligand 12 (CXCL-12), cytokines
such as colony stimulating factor1 (CSF-1) and VEGF
family members, and complement components such
as C5a contribute to the recruitment of macrophages
[75-77]
in the TME
. These factors also lead to a differential
[78]
activation status of macrophages . TAMs can be
subdivided into two categories based on their activation
status: M1 (classically activated) or M2 (alternatively
activated). Classically activated M1 TAMs are driven
by interferon-γ (IFN-γ), whereas alternative M2 TAMs
[75]
are driven by interleukin-4 (IL-4) and IL-13 . This
nomenclature is based on the Th1 and Th2 concept,
and thus reflects their role in adaptive immunity.
Therefore, in most cases M2 TAMs are considered
pro-tumorigenic through their contribution to tumor
vascularization and dampening of adaptive immune
responses, while M1 macrophages possess antitumor
activities. To address the potential influence of TAMs in
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improved patient survival, Malesci et al
studied the
impact of high TAM infiltration in stage Ⅲ CRC patients
treated with the adjuvant 5-FU chemotherapeutic
drug. Their results showed a clear benefit of TAM
infiltration when associated with 5-FU, while no benefit
was observed in the untreated group. In addition, the
effect of high-density TAM in metastatic lymph nodes
is more pronounced in patient survival compared to
the high TAM infiltration in the primary tumors. In vitro
experiments pointed out that treatment with 5-FU
[79]
resulted in M1 polarization of the macrophages .
However, further research into which subtype of
macrophages is critical for patient outcome in CRC
remains to be defined.
The correlation of T-cell infiltration on the OS at
different stages of CRC has been well documented but
[80-86]
remains controversial
. Numerous studies were made
to assess the correlation of distinct T-cell populations
+
+
+
+
+
(Including: CD3 , CD4 , CD8 , CD45RO and FoxP3 )
with the clinical outcome. Most studies point out that T-cell
infiltration is unlikely a predictive factor in CRC patients.
The majority of studies encompassed only a low number
of patients, which leads to debatable interpretation of
the tumor-infiltrating lymphocytes (TILs) and specific
subpopulations thereof on the clinical outcome. This has
prompted the meta-analysis of TILs and their correlation
[87]
with survival. Nosho et al
analyzed 768 CRC cases
ranging from stage Ⅰ to Ⅳ. They concluded that the
+
density of memory T cells (CD45RO ) in the tumors
was associated with improved survival. In addition,
assessment was done on molecular alterations such as
microsatellite instability (MSI), CpG island methylator
phenotype (CIMP), BRAF, KRAS, PIK3CA and LINE-1
hypomethylation. The high-frequency of MSI (MSI-H)
and high LINE-1 methylation were correlated with higher
+
CD45RO cell density. These data are in accordance
with previously published data showing the relationship
between MSI and TILs. MSI is thought to induce
truncated peptides that cause immunogenicity of tumor
[85]
cells , which in turn contributes to the stimulation
of adaptive immune responses. Taken together, the
predictive value of TILs in CRC remains unclear.
The gut microbiome regulates the homeostasis of
the digestive tract in a very dynamic way. Disruption in
the latter can thus disturb this balance and cause major
environmental changes leading to diseases such as
[88]
inflammatory bowel disease (IBD) and cancer . The
gut microbiota consists of trillions of micro-organisms
[89,90]
such as bacteria, viruses and fungi
. Recent studies
have investigated the presence and functional roles of
[91-96]
certain bacteria in CRC
.
In the last three years, the gut microbiome has
emerged as a potential key player in cancer immuno
[97]
therapy. Initial findings by Vetizou et al
showed that
the checkpoint inhibitor (CPI) ipilimumab (anti-cytotoxic
T-lymphocyte antigen-4: Anti-CTLA4) could treat
specific pathogen free (SPF) mice, but not germ-free
mice. In addition, the anti-tumor effects of ipilimumab
could be deteriorated by antibiotics. Analysis of murine
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feces revealed significant changes in the microbiome,
leading to a decrease in the bacterial species Bac
teroidales and Burkholderiales. Supplementation of
these missing microbes could restore the anti-tumor
[98]
effects of ipilimumab. In the same vein, Sivan et al
showed that mice obtained from two different providers
responded distinctly to anti-programmed death-1
receptor ligand (anti-PD-L1) treatment. These mice
were shown to harbor a different microbiome, and fecal
transplants could reverse the treatment discrepancies.
In their case, Bifidobacterium showed a positive
correlation with anti-tumor T-cell responses.
Future research could potentially link different
species of bacteria with an alternate immune cell
infiltration. For instance, certain bacteria could po
tentially shape macrophage polarization towards a
distinct phenotype and thus be used as a potential
predictive marker for CRC patients. It could also be
that the presence of bacteria species would be distinct
based on the stage of the disease. Interestingly, the
right or proximal colon more frequently exhibits MSI
tumors, whereas the left or distal colon displays more
[99]
chromosomal instability (CIN) . It might be that the
proximal or distal colon display different type of bacteria
leading to these genetically different tumors. We expect
that in the future, intestinal microbiota might serve as a
standard of care biomarker for immunotherapies such
as CPIs. Moreover, fecal transplant or supplementation
of certain species of bacteria could potentially be coadministered with CPI, leading to improved responses
towards CPI. Taken together, better understanding of
the microbiota dysbiosis could serve as prognostic and
predictive marker in CRC.

Immunotherapy development

Several types of cancers have undergone a complete
revolution thanks to immunotherapy. This has led
the editors of Science calling cancer immunotherapy
[100]
the “breakthrough of the year” in 2013
. None
theless, CRC has so far been a poor candidate for
immunotherapy. Initial studies lacked objective clinical
[101,102]
responses with nivolumab in unselected patients
.
Previous observations noticed that immunotherapy
works better in tumors containing a high mutational
load as illustrated in melanoma and lung cancer. To
further emphasize the importance of the mutational
load in lung cancer, smoking patients displayed a better
[103]
response rate to CPI compared to non-smokers
.
Increased amount of mutations is associated with the
production of neoantigens, which in turn enhance the
[104]
tumor immunogenicity . The better predictive value
of smoking lung cancer patients to CPI was linked with
an increased amount of neoantigens.
Consequently, this has prompted the application
of CPI in patients with MSI-H CRC. In MSI, frameshift
mutations in protein-coding sequences possess the
capacity to generate different peptides with potential
neoepitopes recognized as foreign by the immune
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[105]

system . To further illustrate this, Saeterdal et al
found an immunogenic peptide derived from a frameshift
mutation in transforming growth factor β receptor type Ⅱ
(TGFβRⅡ) referred to as p538. This peptide is expressed
in over 90 percent of tumors with DNA mismatch repair
(dMMR), suggesting it is highly applicable in the field.
Many of such genes in MSI-H tumors are shared by a
majority of patients as they are thought to be part of the
[105]
carcinogenesis process . Therefore, both prophylactic
for patients with a genetic predisposition and therapeutic
cancer vaccinations could be done using such peptides.
Interestingly, the number of TILs is increased in
MSI tumors compared to microsatellite stable (MSS)
[84,106,107]
tumors
. Furthermore, TILs display an enhanced
+
+
[108]
+
CD8 CD103 phenotype . CD103 TILs were found in
27-fold higher amounts within the same patient tumor
compared to normal epithelium. Increased objective
response (OR), stable disease (SD) and PFS were
observed in a phase Ⅱ clinical trial using pembrolizumab
(anti-PD-1) to treat MSI-H patients. Similarly, when
nivolumab (anti-PD-L1) was administered to MSI-H
patients, a clear benefit was observed which led to the
approval for these selected patients. As for melanoma
and other cancers, the combination of ipilimumab
and nivolumab is currently being tested for MSI-H
[109]
metastatic CRC patients .
Of note, colon cancer cell lines derived from MSI
tumors display a loss in human leukocyte antigen (HLA)
[110]
class Ⅰ expression . This is due to genetic mutations
in the β2m, which is an essential part of the HLA class
Ⅰ complex. The presentation of TAAs is considered
[111]
a prerequisite for successful T-cell responses
.
Therefore, it is thought that these surviving tumors
were exposed to high selection pressure to escape
T-cell surveillance. In many cancers, treatment with
[112,113]
CPI fails to reach satisfying results
. Consequently,
there is a growing interest in combining CPI together
with chemotherapies or targeted therapies (Figure 3).
The rationale is that certain chemotherapeutic drugs or
targeted therapies could enhance the immunogenicity
of the tumors. This process is dependent on induction of
[114]
immunogenic cell death (ICD) of tumor cells . When
killed in an immunogenic way, tumor cells will express
surface makers such as calreticulin and will secrete
factors such a high-mobility group box 1 (HMGB1) in the
extracellular milieu, hereby allowing the spontaneous
generation of an adaptive immune response that
might benefit from CPI. Preclinical evidence supported
the oxaliplatin-induced immunogenic cell death in the
[115]
murine BALB/c colon carcinoma model CT26 .
Furthermore, a few ongoing clinical trials hold
the promise to improve the outcome of PD1/PD-L1
blockade. VEGF, leading to angiogenesis, is frequently
upregulated in CRC and is linked with poor OS. The
latter can also influence the maturation of DCs. As
described above, the DC maturation capacity was
[70]
correlated with patient survival . Therefore, blockage
of VEGF through Bevacizumab could potentiate immune
responses. In a phase Ib clinical trial, the combination
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Microbiota
supplementation

even lower at 5.9% of the patients
. The amount
of MSI-H varies only slightly based on the stage of
the disease (0-I: 5.9%; Ⅱ: 8.9%; Ⅲ: 4.0% and Ⅳ:
3.7%). The overwhelming majority of CRC patients
[123]
would thus remain out of scope for CPI. Ebert et al
studied the potential combination of mitogen-activated
protein kinase kinase (MEK) inhibition using the MEK
inhibitor G-38963, which is considered similar to the
clinically used Cobimetinib, together with anti-PD-L1 in
[123-125]
CT26 tumor-bearing mice
. Treatments with only
MEK inhibitors lead to an initial delay in tumor growth.
However, upon analysis of these tumors, an increased
amount of antigen-specific T cells were present with a
high
distinct T-bet phenotype. Therapeutic combination of
MEK inhibition and PD-L1 blockage led to an impressive
long-term survival, whereas single agents only
displayed an initial delay of tumor growth. This MEK
inhibitor was furthermore shown to act on the postnaïve stage of T-cell differentiation. Antigen-specific
+
CD8 T cells expressed Nur77, which is associated with
exhaustive T-cell death. MEK inhibition was shown to
counter the expression of Nur77 and thus could rescue
T-cell exhaustion. This effect seemed to be in parallel
with the PD-1 axis; therefore, a therapeutic rescue
might only be possible in the case of blocking the PD1/
PD-L1 axis. A potential risk to this strategy might be the
prolonged exposure to MEK inhibition. The latter could
lead to a depletion of the T-cell population. To address
this issue, a period of two days without MEK treatment
was introduced, which could bring back the amount of
high
T-bet antigen-specific T cells to normal. Based on the
findings that MEK inhibition leads to enhanced T-cell
infiltration, synergy with blockade of the PD-1/PD-L1
axis and an upregulation of MHC class Ⅰ on tumor cells
[123,126-129]
clinical efficacy was assessed
. Phase Ib clinical
results (NCT01988896) indicated a potential benefit
for the combination of PD-L1 inhibition (Atezolizumab)
and Cobimetinib on proficient MMR (pMMR), which is
the equivalent of MSS tumors that were previously
unresponsive to CPI. These data have prompted
the more in depth analysis of this combination and
is currently evaluated in a phase Ⅲ clinical trial
(NCT02788279). Such combination therapy trying to
render MSS tumors sensible for CPI might open the
avenue for CRC sensitivity towards CPI, and thus, longterm benefits.
Assessing a change in the TME is one of the major
targets for current immunotherapeutic approaches.
Depletion of myeloid-derived suppressor cells (MDSCs)
using anti-CSF1R and anti-CTLA4 improved the
[130]
survival of CT26 tumor-bearing mice
. Similarly,
a decrease in the granulocyte fraction of the MDSCs
was found to be a favorable factor for patients treated
[131]
with FOLFOX and Bevacizumab
. Another option
would be the local delivery of drugs directly in the
TME to reduce the toxicity of the delivered drugs.
The effectiveness of the local delivery also possesses
[132-134]
multiple advantages
. Local delivery can induce
systemic immune responses, leading to the eradication

Checkpoint
inhibitors

Chemotherapy

Targeted
therapy

Stromal therapy

Anti-VEGF

Figure 3 Combination therapies for the development of durable colorectal
cancer responses. Durable cancer responses are impeded by a dysfunctional
immunological control. Strategies aiming to boost T cell-mediated immune
responses will most likely need the combination of therapies that counter the
tumor and their environment-mediated escape mechanisms avoiding T-cell
recognition as well as down-regulation of T-cell mediated functions. In this
figure, we list potential interesting combinations leading to durable T-cell
mediated killing for CRC. CRC: Colorectal cancer; VEGF: Vascular endothelial
growth factor.

of Bevacizumab and Atezolizumab displayed a
clear benefit of the combination therapy for MSI-H
[116]
patients . Similarly, in the NCT02997228 clinical trial,
439 patients with MSI-H CRC will be treated with either:
Atezolizumab as monotherapy; Atezolizumab combined
with FOLFOX (a chemotherapy regimen consisting of
folinic acid + 5-FU + oxaliplatin) and Bevacizumab; or
FOLFOX and Bevacizumab. FOLFOX will also be tested
with and without Atezolizumab in over 700 MSI-H CRC
stage Ⅲ patients (NCT02912559).
In addition to Bevacizumab, several targeted
therapies have been approved for the treatment
of CRC. Amongst them, Cetuximab was shown to
display antibody-dependent cellular cytoxicity (ADCC).
Interestingly, Cetuximab could induce antigen-spreading
[117]
in head and neck cancer patients . Antigen-spreading
is a therapy induced phenomenon where secondary
to therapy more antigens are released and can trigger
the generation of antigen-specific immune responses
[118]
against a broader number of antigens . As tumor cells
are known to evolve and “protect” themselves against
any form of therapy, they will ultimately try to down
regulate immune responses against a single antigen.
Therefore, the generation of immune responses against
several epitopes could lead to robust and long-lasting
immune responses, which encouraged the clinical
evaluation for the combination of Cetuximab with
Pembrolizumab (NCT02713373).
Unfortunately, the presence of MSI solely accounts
for 15% of CRC cases, while the frequency of MSI-H is
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of tumors on multiple locations . This phenomenon
is also known as the abscopal effect. Aside from
targeting cells within the tumors, it is also possible
to modulate soluble factors such as cytokines and
[133]
chemokines
. TGF-β, for example, is a very wellstudied factor in CRC, which is linked with a poor
[136,137]
prognosis
. Its function is somewhat controversial
in CRC. In early stages, it possesses tumor suppressive
properties, whereas in a later stage of the disease, it
will promote tumor progression. TGF-β will initially lead
[136]
to a cytostatic effect on epithelial cells. Calon et al
evidenced that pharmacological inhibition of stromal
TGF-β signaling blocks metastasis. Local neutralization
of soluble factors such as TGF-β have been previously
[138]
reported
. Currently, intratumoral approaches for
CRC are being tested, such as intratumoral injection of
autologous activated DCs. The latter is being tested in
a phase Ⅰ clinical trial by Northwest Biotherapeutics
(NCT01882946) using their DCVax-Direct. Another
currently tested approach is the intratumoral injection
of the adenoviral vector coding for the human IL-12
(cDNA) by Mount Sinai School of Medicine National
Cancer Institute (NCI) for liver metastases secondary to
colorectal cancer (NCT00072098).
The major drawback for the local injection remains
the involvement of a surgical procedure, thus impai
ring large scalability of similar immunotherapeutic
approaches. An elegant solution to avoid local injection
is the use of tumor targeting antibodies linked with
the component of interest. In the past, preclinical
results were obtained using tumor targeting moieties
such as anti-CD20, anti-Neu or anti-EGFR to name a
[139,140]
few
. In CRC, an interesting clinical trial is ongoing
using a T-cell bispecific (TCB) antibody targeting
carcinoembryonic antigen (CEA) on CRC tumor cells
and CD3 on T cells (NCT02324257 and NCT02650713).
This molecule simultaneously binds to T-cells and
tumor cells. This bispecific antibody is currently being
tested both as a monotherapy and in combination with
Atezolizumab in a majority of MSS patients. Preliminary
results show promising disease control and stable
[141]
disease with only a minority of progressive disease .
A better understanding in cancer immunotherapy drugs
leading to an improved survival in the MSS subgroup
of CRC will help further development of this currently
unfavorable subset of patients constituting the majority
of CRC patients.

successful in a minority of patients displaying MSI-H
tumors. However, recent findings point towards new
avenues leading to potential enlargement of the CPI
sensitive pool. Currently, a tremendous effort is being
made in understanding the effects of the TME and
microbiome on the outcome of CPI therapy. However, it
has become clear that combination therapy will lead to
tremendous benefits for patients in the future.
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Abstract

Jae Yoon Jeong, Joo Hyun Sohn, Department of Internal
Medicine, Hanyang University Guri Hospital, Hanyang
University College of Medicine, Guri 11923, South Korea

Liver biopsy is the gold standard for evaluating the
degree of liver fibrosis in patients with chronic liver
disease. However, due to the many limitations of
liver biopsy, there has been much interest in the use
of noninvasive techniques for this purpose. Among
these techniques real-time two-dimensional shear
wave elastography (2D-SWE) has the advantage of
measuring tissue elasticity with the guidance of B-mode
images. Recently, many studies have been conducted
on the application of 2D-SWE in patients with various
liver diseases, and their validity has been confirmed.
Here, we briefly discuss the role of 2D-SWE in patients
with chronic liver diseases, particularly aspects of the
examination techniques and clinical applications.
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Core tip: Assessing the degree of liver fibrosis in
patients with chronic liver disease is clinically important.
Real-time two-dimensional shear wave elastography
(2D-SWE) has the advantage of measuring tissue
elasticity with the guidance of B-mode images.
Recently, many studies have shown that 2D-SWE is
a useful tool for evaluating not only liver fibrosis in
various liver diseases but also portal hypertension,
and for predicting the development of hepatocellular
carcinoma. Here, we discuss briefly the role of 2D-SWE
in patients with chronic liver diseases, particularly
aspects of the examination technique and clinical
applications.
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usually performed through right intercostal scans,with
the patient in a supine position. Because the sonographic
window gets clearer as the intercostal space enlarges,
LS is measured with right arm maximal abduction.
Deep inspiration is avoided as it increases the measured
LS value, and, if possible, LS is measured with a
short breath hold for 4 to 5 s and neutral breathing. A
trapezoidal color box (3.5 cm × 2.5 cm) is positioned in
the liver parenchyma and acquires the elasticity signals.
When the elastogram signals in the color box are judged
to reach a plateau, i.e., after about 2 or 3 s, the image
is frozen. After call-back, the most homogenous areas
of elastogram signals among the sequential frames
are identified using a cine loop, and a round ROI (also
referred to as the Q-box) is positioned in the region of
the color box. The brighter the grayscale image obtained
without shadowing in the scan, the more uniform the
elastogram signal generated. The ROI is located in a
homogenous elastogram signal in the liver parenchyma
where there is no large vessel or hepatic nodule. To
avoid reverberation artifacts, ROIs are located 1 to 2 cm
from the liver capsule. The ROI is as large as possible
and up to 2 cm in diameter, but its size is reduced if
necessary, depending on the measurable areas of the
elastogram signal and the location of large vessels. Also,
if the measurement depth is too great, a qualitatious
elastogram signal is not generated and the signal is less
reliable; measurement should preferably be at a depth
of less than 6 cm from the capsule. Measured elasticity
values are expressed in kilopascal (kPa) and recorded on
the image as means and standard deviations (Figure 1).
Technically, measurement of LS using 2D-SWE
has several advantages. It is not affected by ascites,
because the shear waves are generated by the focused
beam inside the liver parenchyma rather than at the
surface of the body. Large vessels can be avoided using
simultaneous gray scale images, and the sampling
volume is larger than in p-SWE. By means of real-time
color mapping, an experienced examiner can judge
whether measurements are reliable.

INTRODUCTION
Chronic liver diseases are one of the major causes of
illness and death worldwide, and a substantial public
health issue. Chronic liver diseases can lead to liver
fibrosis due to transient or persistent intrahepatic
inflammation, and some eventually progress to liver
[1]
cirrhosis and hepatocellular carcinoma . Therefore,
assessing the degree of fibrosis in patients with chronic
liver diseases, especially before the advanced stage, is
clinically important to allow early care and prevent fatal
[1]
liver disease .
To date, the gold standard for evaluating the
[2]
degree of liver fibrosis is liver biopsy . However, it
[3]
has several limitations . Because it is an invasive
[3]
method, it may cause pain, bleeding and perforation ,
and can uncommonly lead to massive bleeding that
[3]
requires blood transfusion, or to death . Also, it has
limitations for representing the whole liver parenchyma
because it evaluates only about 1/50000 of the
total liver volume and there is potential for sampling
errors and interobserver or intraobserver variability of
[4,5]
interpretation .
Because of these limitations of liver biopsy, there
has been much interest in noninvasive techniques for
[6]
assessing the degree of liver fibrosis . In particular,
several ultrasonography-based elastographic methods
have been developed in the past decade, and
evaluation of liver fibrosis by measuring liver stiffness
[6]
(LS) has been the main type of noninvasive method .
Transient elastography (TE), which was the first method
introduced into the market, is a highly reproducible
and user-friendly technique for evaluating liver fibrosis,
and is also used for assessing portal hypertension and
predicting the development of hepatocellular carcinoma
[7]
(HCC) . However, it has some limitations, including
frequent invalid results especially in patients with ascites
[7]
or severe obesity . Also the attempts to ameliorate
diagnostic accuracy, adding to TE the calculation
realized by software of quantitative measurements of
[8]
the Glissonian line, have failed .
Real-time two-dimensional shear wave elastography
(2D-SWE), which was developed subsequent to TE, can
measure tissue elasticity with the real-time guidance of
B-mode image. Recently there have been many studies
of 2D-SWE, related especially to examination technique
and clinical applications. In this article, we review
the focusing 2D SWE technique using the Aixplorer
ultrasound (US) system (Supersonic Imagine SA, Aixen-Provence, France).

Optimal region and number of measurements, and
validation

LS was measured in the right lobe in all previous
studies. Measurement of LS in the left lobe is
inappropriate, because it is affected by cardiac
pulsation. Most measurements of LS by 2D-SWE use
an intercostal scan, and they are usually made in the
right anterior section. When measured in this way,
measurement reliability is high and the correlation with
[9,10]
histologic hepatic fibrosis staging is good
.
When LS is measured by TE, it is measured 10
times and validated using a success rate of 60% or
more and interquartile range/median (IQR/M) < 0.3,
and the median value of the measurements is selected
as the LS value. However there is no agreement on
the objective number of measurements needed or
on the quality criteria for validation of 2D-SWE. Most

MEASURING LIVER STIFFNESS
Measurements of liver stiffness (LS) using 2D-SWE are

WJG|www.wjgnet.com

3850

September 14, 2018|Volume 24|Issue 34|

Jeong JY et al . 2D-SWE in chronic liver diseases
≥ 70 kPa

A

0.0
2.0
4.0

56
42
28
14

B

2.0
4.0

6.0 Q-Box™
Multi
Nb Q-Box = 5
Mean
5.1 kPa
8.0
Median
5.2 kPa
Mean
diam
20.0
mm
0.0 diam
Min
20.0 mm
Max diam 20.0 mm
Mean
5.2 kPa
2.0
Min
4.2 kPa
Max
6.8 kPa
4.0
SD
0.4 kPa
Diam
20.0 mm
Depth
41.9
mm
SI6.0
86%

0.0

≥ 70 kPa

56
42
28
14

6.0 Q-Box™
Multi
Nb Q-Box = 5
Mean
9.1 kPa
8.0
Median
9.1 kPa
0.0 diam20.0 mm
Mean
Min diam 20.0 mm
Max diam 20.0 mm
2.0
Mean
8.5 kPa
Min
0.1 kPa
Max
10.8 kPa
4.0
SD
2.1 kPa
Diam
20.0 mm
Depth
43.8 mm
SI6.0
62%

8.0

C

0.0

8.0
≥ 70 kPa

2.0

56
42
28
14

4.0
6.0 Q-Box™
Multi
Nb Q-Box = 5
Mean
17.3 kPa
8.0
Median
18.5 kPa
Mean diam20.0 mm
0.0diam 20.0 mm
Min
Max diam 20.0 mm
Mean
14.9 kPa
2.0
Min
8.1 kPa
Max
18.6 kPa
SD
1.6 kPa
4.0
Diam
20.0 mm
Depth
44.4 mm
SI6.0
80%

D

0.0
2.0
4.0

≥ 70 kPa

56
42
28
14

6.0 Q-Box™
Multi
Nb Q-Box = 5
Mean
32.8 kPa
8.0
Median
33.6 kPa
Mean
0.0 diam20.0 mm
Min diam 20.0 mm
Max diam 20.0 mm
Mean
2.0
28.6 kPa
Min
24.6 kPa
Max
34.2 kPa
4.0
SD
2.5 kPa
Diam
20.0 mm
Depth
43.9
mm
SI6.0
73%
8.0

8.0

Figure 1 Liver two-dimensional shear wave elastography images. A. 2D-SWE images of a 52-year-old patient without underlying disease with normal range
of LS. Ultrasound images show the color-code mapping of 2D-SWE (top) and the corresponding B-mode image (bottom). On the right side of the image, the mean
(5.2 kPa) and standard deviation (0.4 kPa) of Young modulus in the ROI have been calculated. And the size and depth of the measured ROI are recorded. The
summarized values at the top are the mean and median values of the stiffness values of the previous 4 measurements and the 5th measurement, and the average
sizes of the measured ROI. B. A 2D-SWE image of a 58-year-old patient with chronic hepatitis B who was proven as F2 fibrosis in liver biopsy specimen. Increased
LS (8.5 kPa) was identified compared to normal patients. C. In 55-year-old patient with chronic hepatitis B and compensated cirrhosis, median LS was 18.5 kPa. D. In
71-year-old patient with chronic hepatitis B and decompensated cirrhosis with ascites, median LS was 33.6 kPa. 2D-SWE: Two-dimensional shear wave elastography;
LS: Liver stiffness; ROI: Region of interest.

studies using 2D-SWE have measured LS with 3 to 5
repetitions. According to previous studies of the number
of LS measurements, when LS is measured 6 or more
times no further increase in intra-class correlation
[11]
(ICC) is observed , and the LS from a 10-repetition
protocol is not significantly different from that from a
[12]
5-repetition protocol . Another group has concluded
[13]
that three valid measurements are enough . There is
no evidence about whether the mean or median values
of repeated measurements correlate better with liver
fibrosis. There are quality criteria for LS measurements
by 2D-SWE, such as standard deviation (SD), IQR/M
and coefficient of variance (CV, SD/mean), but there is
no established standard of validation as there is for TE.
Therefore, we suggest that three to five measurements
of LS by 2D-SWE are appropriate, and in case of
validation by IQR/M, five measurements are required.
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In LS measurement using 2D-SWE, it is measured
faster and more consistently in a patient with a good
sonographic window for B-mode images. In the patients
with obese and thick abdominal wall, the shadowing
occurs in the liver parenchyma and the elasticity
signal is not generated well in the color box. In case
of poor sonographic window due to severe shrinkage
of liver and interposition of omental fat or bowel, the
measurement is not successful. And, if the motion is
not restricted because the patient is not coordinated,
or the liver is affected by cardiac movement, there is
a limitation in the measurement. 2D-SWE has more
chance to be affected by technical factors because it
has larger sampling volume compared to TE or point
shear wave elastography. However, the measurement
failure rate of 2D-SWE is lower than that of TE when the
[14,15]
experienced examiner measures LS
.
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Figure 2 Spleen two-dimensional shear wave elastography images. Spleen 2D-SWE images of a 50-year-old male patient with normal SS (A) and 57-year-old
female patient with liver cirrhosis who underwent endoscopic variceal ligation (B). A. The normal patient had a small size and measurable area of spleen. And the SS
was measured to 19.4 kPa. B. Patient with liver cirrhosis had relatively large size and measurable area of spleen with good sonographic window. Increased spleen
stiffness compared with that of normal patients was identified (37.7 kPa). 2D-SWE: Two-dimensional shear wave elastography; SS: Spleen stiffness.

Reproducibility

MEASURING SPLEEN STIFFNESS

The reproducibility of LS measurements by 2D-SWE
[16]
is high but user-dependent . The intra-observer
reproducibility of 2D-SWE in healthy volunteers is
[16-18]
excellent (ICC 0.92 to 0.95)
. Inter-observer
[16,18]
agreement is good (0.63 to 0.84
) and is influenced
by operator experience. In the chronic liver disease
group, intra-observer reproducibility is excellent,
[11,19,20]
with an ICC of 0.9 to 0.95
, and intra-subject
reproducibility at short intervals is excellent, with an ICC
[21]
of 0.83 to 0.9 . The inter-observer reproducibility of
LS measurements using 2D-SWE is excellent, from 0.83
[21,22]
to 0.94
.
Since 2D-SWE measurement is user-dependent, it
is recommended that at least 50 supervised scans and
measurements are performed by a novice operator to
[23]
ensure consistent measurements .

According to a recent meta-analysis, Spleen Stiffenss (SS)
values measured by 2D-SWE are useful for predicting
clinically significant portal hypertension in chronic liver
[41]
diseases . They are significantly correlated with the
presence of esophageal varix, and are superior to LS
[42]
values . In addition, 2D-SWE can check real-time
grayscale images at the time of measurement, so that
SS can be measured in the most appropriate region. SS
is measured by left intercostal or subcostal scans, and
is not fundamentally different from LS measurements
(Figure 2). The spleen is smaller than the liver and
varies in size, and the measurement success rate is
lower than that of LS (over 90%). The success rate of
SS in all patient groups according to the meta-analysis
[41]
was 75.5% , and most of the studies included (many)
portal hypertension patients with advanced liver cirrhosis.
[43]
However in a study by Grgurevic et al , which included
many non-cirrhotic chronic liver disease patients, the
success rate of SS measurements was only 53.7%. As
spleen size increases, the measurement success rate
of SS by 2D-SWE also increases, so that the LS and SS
success rates are not significantly different in patients
with advanced liver cirrhosis versus severe portal
hypertension.

Normal values of liver stiffness, and confounders

The LS value using 2D-SWE in healthy volunteers was
[17,24]
found to be 4.5-5.5 kPa
. Food intake increases LS
[25-27]
value and IQR
, and may result in over-staging of
liver fibrosis and unreliable measurements. According
[28]
to Mederacke et al , LS value declines to the normal
range by 180 min after food intake; hence it is
recommended to measure LS at least 4 h after food
consumption, or after overnight fasting. Caffeine intake,
[29]
smoking, and exercise also increase LS value , as do
acute hepatic inflammation, obstructive cholestasis, and
[30-36]
hepatic congestion
. The effect of hepatic steatosis
[37-40]
on LS value is not yet clear
. These confounding
factors should be avoided when measuring LS, and
patient co-morbidities must be considered when
interpreting LS values so as to prevent over-staging of
hepatic fibrosis.
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ROLE OF 2D-SWE IN ASSESSING LIVER
FIBROSIS
Various liver diseases

Several studies have evaluated fibrosis in various liver
[44,45]
diseases by 2D-SWE (Table 1)
. LS measured by
2D-SWE had an excellent diagnostic performance
with areas under the curve (AUROCs) of about 0.9 for
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Table 1 Diagnostic performance of shear wave elastography for significant fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3) and cirrhosis
(F4) in patients with various liver diseases
Ref.

Year

Jeong et al[44]

2014

Patients (n ) F ≥ 2 (%) F ≥ 3 (%) F = 4 (%)
70

78.6
50

Deffieux et al[45]

31.4
2015

120

48.0
33
15.0

AUROC

Cutoffs (kPa)

Se (%)

Sp (%)

PPV (%)

NPV (%)

0.915
0.913
0.878
0.890
0.880
0.890

8.60
10.46
14.00
8.90
9.10
10.20

78.2
88.6
77.3
77.0
85.0
83.0

93.3
80.0
85.4
79.0
72.0
76.0

97.7
81.6
70.8
77.0
60.0
38.0

53.8
87.6
89.2
79.0
90.0
96.0

AUROC: Area under ROC curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; SWE: Shear wave
elastography.

Table 2 Diagnostic performance of shear wave elastography for significant fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3) and cirrhosis
(F4) in patients with chronic hepatitis C
Ref.

Year Patients (n ) F ≥ 2 (%) F ≥ 3 (%) F = 4 (%)

Bavu et al[46]1

2011

113

55.8
34.5

Ferraioli et al[47]

13.3
2012

121

58.7
31.4

Tada et al[48]
Herrmann et al[49]

19.8
2013
2018

55
379

32.7
58.3
33.5
18.2

AUROC

Cutoffs (kPa)

Se (%)

Sp (%)

0.950
0.960
0.970
0.920
0.980
0.980
0.940
0.863
0.915
0.929

9.12
10.08
13.30
7.10
8.70
10.40
8.80
7.10
9.20
13.00

81.0
75.0
80.0
90.0
97.3
87.5
88.9
94.7
90.3
85.8

72.0
78.0
87.0
87.5
95.1
96.8
91.9
52.0
76.8
87.8

PPV (%) NPV (%)

91.3
90.0
87.5
84.2

85.7
98.7
96.8
94.4

1

The reference fibrosis level is derived from the algorithm proposed by Sebastiani et al[79]. AUROC: Area under ROC curve; Se: Sensitivity; Sp: Specificity;
PPV: Positive predictive value; NPV: Negative predictive value.
[44,45]

[47]

assessing each stage of fibrosis
. However, since the
burden of fibrosis depends on the dominant disease,
the value of LS for a given stage of fibrosis is also
dependent on the dominant disease in the patients that
are examined. Therefore, the diagnostic performance
of 2D-SWE, which was expected to be superior to other
noninvasive fibrosis methods such as TE, did not show a
statistically significant dependence on stage of fibrosis.

those of TE . In several studies the optimal cutoff
values for each fibrosis stage were 7.1-9.12 kPa for ≥
F2, 8.7-10.08 kPa for ≥ F3, and 10.4-13.30 kPa for
[46-48]
F4
. In recently published patient data based on a
meta-analysis, the AUROCs for ≥ F2, ≥ F3 and F4 of
2D SWE were 0.863, 0.915 and 0.929, respectively,
and the proposed cut off values were 7.1 kPa, 9.2 kPa
[49]
and 13.0 kPa, respectively . However, the diagnostic
performance of 2D SWE for each stage of fibrosis was
[49]
not significantly different from that of TE .
2D-SWE can be used to predict the efficacy of
antiviral treatment in CHC as well as the degree of
[50]
fibrosis. Tada et al
reported that patients with CHC
who achieved a sustained virologic response showed
an early decrease in LS after administration of a direct
acting agent (DAA), and this was the case especially
in patients with progressive liver fibrosis. Similarly,
[51]
Korda et al
found a significant decrease in LS after
DAA treatment in patients with recurrent HCV infection
after liver transplantation. Therefore 2D-SWE may be a
useful tool in the follow-up after treatment of CHC.

Chronic hepatitis C

Studies of the degree of fibrosis according to the disease
involved were the first to evaluate patients with chronic
hepatitis C (CHC). The results are summarized in Table 2.
LS measured by 2D-SWE showed a significant positive
correlation with fibrosis stage evaluated by the METAVIR
[46-48]
scoring system in patients with CHC
. Also, 2D-SWE
had a similar or better diagnostic performance than TE
[46-48]
for evaluating liver fibrosis
.
[46]
Bavu et al
compared 2D-SWE and TE after
classifying fibrosis stage on serology without histological
examination. In that study, the AUROCs for diagnoses
of significant fibrosis (≥ F2), advanced fibrosis (≥
F3) and cirrhosis (F4) were 0.948, 0.962 and 0.968,
[46]
[47]
respectively . Ferraioli et al
compared 2D-SWE
with TE for assessing fibrosis stage using liver biopsy
specimens. The AUROCs of 2D-SWE were 0.92 for ≥
F2, 0.98 for ≥ F3 and 0.98 for F4, and were similar
(≥ F3 and F4) or significantly higher (≥ F2) than
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Chronic hepatitis B

So far the disease most studied for assessing degree of
fibrosis by 2D-SWE is hepatitis B virus (HBV) infection.
Studies of patients with chronic hepatitis B (CHB)
have been mainly performed in China, where HBV
is endemic. LS measured by 2D-SWE was positively
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Table 3 Diagnostic performance of shear wave elastography for significant fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3) and cirrhosis
(F4) in patients with chronic hepatitis B
Ref.

Year Patients (n ) F ≥ 2 (%) F ≥ 3 (%) F = 4 (%)

Leung et al[14]

2013

226

Zeng et al[54]1

2014

206 (104)

Wu et al[53]

2016

437

Zhuang et al[55]1

2017

304(155)

Zeng et al[52]

2017

257

Herrmann et al[49] 2018

379

AUROC

60.2

0.880
35.4
0.930
15.5
0.980
45.7 (45.1)
0.917 (0.907)
69.0 (70.1)
0.945 (0.934)
81.1 (83.7) 0.945 (0.967)
47.2
0.903
14.0
0.926
86.8 (84.6)
0.970 (0.970)
70.4 (67.8)
0.960 (0.970)
54.9 (48.4) 0.980 (0.980)
46.3
0.882
24.9
0.917
13.2
0.926
52.0
0.906
29.8
0.931
13.0
0.955

Cutoffs (kPa)

Se (%)

Sp (%)

PPV (%)

NPV (%)

7.100
7.900
10.100
7.200
9.100
11.700
8.200
11.256
7.600
9.200
10.400
7.100
8.300
11.300
7.100
8.100
11.500

84.70
89.80
97.40
86.36 (85.19)
91.94 (89.66)
91.89 (88.24)
78.16
91.80
92.00 (91.6)
91.60 (88.6)
94.60 (92.0)
88.89
89.66
93.55
87.60
94.90
79.90

92.10
90.30
93.00
86.96 (80.85)
85.71 (80.56)
89.70 (88.10)
85.28
84.31
90.00 (87.5)
96.70 (96.0)
94.90 (95.0)
76.38
76.84
87.25
73.60
73.10
93.90

85.3
71.8
60.1
88.8 (83.6)
74.0 (65.0)
66.7 (60.0)
82.6
48.7
98.4 (96.0)
98.5 (97.8)
95.7 (94.5)
76.2
55.9
52.7

91.7
97.0
99.6
84.2 (82.6)
96.0 (95.1)
98.0 (97.4)
81.4
98.4
64.3 (65.0)
82.9 (80.1)
93.5 (92.7)
89.0
95.8
98.9

1

These studies are divided into index cohort and validation cohort and parentheses are index cohort. AUROC: Area under ROC curve; Se: Sensitivity; Sp:
Specificity; PPV: Positive predictive value; NPV: Negative predictive value.
[49]

correlated with liver fibrosis stage evaluated by the
METAVIR scoring system in patients with CHB, as it was
[14,52-55]
for those with CHC
.
[14]
Leung et al
reported that the AUROCs for ≥ F2,
≥ F3, and F4 of 2D-SWE were 0.88, 0.93, and 0.98,
respectively, and 2D-SWE performed better than
TE for predicting all fibrosis stages. In particular, the
cutoff value of 7.1 kPa for F2 by SWE had a relatively
high specificity of 92.1%, indicating that 2D-SWE is
an excellent screening tool for diagnosing significant
fibrosis, which is an important starting point for the
[14]
treatment of chronic viral hepatitis . In addition, as
fibrosis progressed, the optimal cut off value had a
high negative predictive value, indicating that 2D-SWE
[14]
is a very reliable tool for excluding cirrhosis . Similar
trends were seen in other studies.
[54]
[55]
Zeng et al and Zhuang et al analyzed hepatitis
B patients using an index cohort and a validation
cohort, and showed that SWE had good diagnostic
accuracy in predicting each fibrosis stage. Diagnostic
performances in patients with CHB are summarized in
Table 3. AUROCs for ≥ F2, ≥ F3 and F4 were 0.88-0.97,
[14,52-55]
0.917-0.96 and 0.926-0.98, respectively
. The
optimal cutoff values for each fibrosis stage were 7.1-8.2
kPa for ≥ F2, 7.9-9.1 kPa for ≥ F3, and 10.1-11.3 kPa
[14,52-55]
for F4
. In addition, the diagnostic performance
of 2D-SWE was equivalent or superior to use of noninvasive fibrosis markers including TE in most fibrosis
[14,52,53,55]
stages
.
In a recently published patient data-based metaanalysis, the AUROCs for ≥ F2, ≥ F3 and F4 of 2D-SWE
were 0.906, 0.931, and 0.955, respectively, and the
proposed cut off values were 7.1 kPa, 8.1 kPa, and 11.5
[49]
kPa, respectively . In addition, 2D-SWE in patients
with CHB had a better diagnostic performance than
TE in predicting ≥ F2 and F4, but not ≥ F3, unlike in
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patients with CHC

.

Non-viral liver diseases

One of the most common causes of advanced liver
disease worldwide is nonalcoholic fatty liver disease
[56]
(NAFLD) . It is important to diagnose the fibrosis
stage in patients with NAFLD because the degree of
fibrosis is the most important prognostic factor in
[57]
these patients . Three studies on the degrees of
fibrosis in NAFLD have recently been published (Table
[20,49,58]
4)
. LS measurements by 2D-SWE in these
patients had a relatively high failure rate (2.7%-13%)
[20,58]
because of the higher BMIs in these patients
.
Diagnostic performance in predicting each fibrosis
stage was relatively low, and the cut-off values of the
[20,49,58]
fibrosis stages differed between the studies
.
This suggests that steatosis may have an effect on
liver stiffness measurements, and further studies are
[58]
needed .
The only study of patients with alcoholic liver disease
[19]
was one performed by Thiele et al . In that study,
SWE had high diagnostic performances with AUCs of
0.94 and 0.95, respectively, for detecting significant
fibrosis (Ishak fibrosis stage ≥ 3) and cirrhosis (Ishak
[19]
fibrosis stage ≥ 5) . In addition, the cutoff values for
predicting the fibrosis stages there were higher than
in other diseases, particularly in chronic viral hepatitis;
liver injury in alcoholic liver disease is associated with
relatively high levels of perivenular and pericellular
fibrosis with central extension, and this may have
[19]
resulted in a higher fibrosis burden .
There are two recent studies of autoimmune liver
[59,60]
disease
. Because of the low prevalence of this
disease, these studies included patients with auto
immune hepatitis, primary biliary cholangitis, primary
sclerosing cholangitis, and overlap syndrome, all of
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Table 4 Diagnostic performance of shear wave elastography for significant fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3) and cirrhosis
(F4) in patients with non-viral liver diseases
Ref.

Year

Etiology

Cassinotto et al[20] 2016

NAFLD

Patients (n ) F ≥ 2 (%) F ≥ 3 (%) F = 4 (%) AUROC Cutoffs (kPa) Se (%) Sp (%) PPV (%) NPV (%)
291

70.8
43.3

Takeuchi et al[58]

16.8
2018

NAFLD

71

64.8
45.1

Herrmann et al[49] 2018

7.0
NAFLD

156

58.3
32.1

Thiele et al[19]
Zeng et al[59]

12.2
2016

Alcohol

199

42.0
18.0

2017 Autoimmune

114

71.9
41.3

Li et al[60]

20.2
2018 Autoimmune

51

35.2

0.860
0.890
0.880
0.750
0.820
0.900
0.855
0.928
0.917
0.940
0.950
0.850
0.850
0.860
0.781

8.90
9.30
10.00
11.57
13.07
15.73
7.10
9.20
13.00
10.20
16.40
9.70
13.20
16.30
9.15

68.0
84.0
95.0
52.0
63.0
100.0
93.8
93.1
75.3
82.0
94.0
81.7
83.0
87.0
83.3

94.0
83.0
69.0
44.0
57.0
82.0
52.0
80.9
87.8
93.0
91.0
81.3
74.6
80.2
72.7

90.0
71.0
91.8
69.6
52.6

88.0
99.0
63.4
86.2
96.1

AUROC: Area under ROC curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; NAFLD: Non-alcoholic
fatty liver disease

[59,60]

which have different liver damage patterns
. For
this reason, the AUROCs of autoimmune liver disease
according to fibrosis stage were lower than those of
[59,60]
chronic viral hepatitis
. Further studies should be
performed separately for each disease.

off values in the different studies were probably due
to differences between the major forms of disease
[64-67]
examined in the studies
. Therefore, as in the case
of degree of fibrosis, studies on the prediction of portal
hypertension may need to be carried out separately for
each disease.
Efforts have been made to improve the reliability
of LS measurements by 2D-SWE for predicting portal
[64]
hypertension. Procopet et al
obtained a diagnostic
performance with an AUC of 0.939 for predicting CSPH
using an SD/median ≤ 0.10 and/or depth < 5.6 cm.
[65]
[67]
In addition, Elkrief et al and Jansen et al observed
a strong correlation between HVPG and LS by 2D-SWE
and an excellent AUROC in predicting CSPH, when the
variation coefficient (SD/mean) was < 10%.
There have been attempts to complement LS in
predicting CSPH by measuring SS, but the results were
[64]
unsatisfactory. Procopet et al
found a 66% success
rate for SS measurements and an AUROC of 0.725
for predicting CSPH. In addition, they obtained a high
mismatch rate (25%) and indeterminate outcomes
(60%) with a method employing a rule-out CSPH cutoff
of > 90% sensitivity and a rule-in CSPH cutoff of >
[64]
90% specificity . In that study, a small spleen was the
[64]
most common reason for the inability to measure SS .
[65]
Elkrief et al
achieved a success rate of 97% for SS
measurements but the AUC of SS in predicting CSPH
was only 0.64, a moderate diagnostic performance.
[67]
Unlike other studies, Jansen et al
had a success
rate of 81.2% for SS measurements and a relatively
good diagnostic performance with an AUROC of 0.84 in
predicting CSPH. Based on this finding, they proposed
a combined algorithm consisting of a rule-in algorithm
and a rule-out algorithm, and the diagnostic accuracy of
[67]
the algorithm was 91.6% . Therefore they suggested
that only those patients who were indeterminate in
this algorithm would need to undergo invasive HVPG
[67]
[68]
measurements . Recently, Elkrief et al
performed

USE OF 2D-SWE FOR ASSESSING
PORTAL HYPERTENSION AND
ESOPHAGEAL VARICES
Measurement of hepatic venous pressure gradient
(HVPG) is considered the reference standard for
assessing portal hypertension in liver cirrhosis, which
is one of the most powerful prognostic factors in
[61]
advanced chronic liver disease . However, the use
of HVPG is limited because it is unavailable in some
[62]
centers and because of its invasiveness . Hence, TE
was introduced as a noninvasive tool and is known
to be strongly correlated with HVPG and excellent
for predicting clinically significant portal hypertension
[61]
(CSPH, HVPG ≥ 10 mmHg) .
There have been many studies aimed at establishing
whether LS measured by 2D-SWE can identify
[63]
portal hypertension. First, Choi et al
analyzed
the association of HVPG with LS by 2D-SWE. They
showed that HVPG and LS measured by 2D-SWE were
moderately correlated (r = 0.593), and that change
in LS and change in HVPG were strongly related (r =
[63]
0.863) . As a result of that study, 2D-SWE unlike
TE, can be considered a useful method for monitoring
hemodynamic responses to drug therapy. Since then,
several studies have examined whether LS measured
by 2D-SWE can predict CSPH, and they are summarized
[64-67]
in Table 5
. The AUROCs for predicting CSPH ranged
from 0.81 to 0.87, which are relatively high diagnostic
performances, and optimal cut-off values ranged
[64-67]
from 15.2 to 24.6 kPa
. The different optimal cut-
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Table 5 Diagnostic performance of shear wave elastography for detecting clinically significant portal hypertension (HVPG ≥ 10
mmHg)
Year Patients (n ) Study design Prevalence (%) Site Success rate (%) Cutoffs (kPa) AUROC Se (%) Sp (%) PPV (%) NPV (%)

Ref.

Procopet et al[64] 2015

88

Restospective

55.0

Elkrief et al[65]

2015

79

Prospective

90.9

Kim et al[66]

2015

92

Prospective

83.7

Jansen et al[67]

2017

109

Prospective
multicenter

67.9

LS

99.0

SS
LS
SS
LS

66.0
97.0
97.0
98.3

LS
SS

100.0
81.2

17.0
15.41
24.5
34.7
15.2
21.62
24.6
26.3

0.859
0.948
0.725
0.870
0.640
0.819
0.867
0.860
0.840

80.8
91.3

82.1
90.9

81.0
40.0
85.7
83.3
68.3
79.7

88.0
100.0
80.0
80.8
80.4
84.2

98.0
100.0
95.7
91.7
87.7
90.8

35.0
18.0
52.2
65.6
55.4
68.0

Highly reliable and reliable measurements (n = 45): SD/median > 0.10 or depth ≥ 5.6 cm; 2Severe portal hypertension (HVPG ≥ 12 mmHg). AUROC: Area
under ROC curve; Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; LS: Liver stiffness; SS: Spleen stiffness.
1

[72]

with CHB . In particular, it is known to identify patients
with CHB who do not have clinical cirrhosis but who
rather have so-called subclinical cirrhosis with a high
[73]
risk of developing HCC . There have been two studies
on the role of 2D-SWE in predicting the development
[74]
of HCC. Jeong et al
followed up 291 compensated
hepatitis B patients for 35.8 months and examined the
use of measurements of LS by 2D-SWE for predicting
HCC development. Patients with LS ≥ 10kPa by
2D-SWE had a 4-fold higher risk of developing HCC
[75]
than those with LS < 10 kPa. Lee et al
investigated
the role of SWE in the prognosis of HCC after
radiofrequency ablation (RFA). In 134 patients who
underwent RFA as a curative treatment for HCC, LS by
2D-SWE was a significant predictor of overall survival
and recurrence-free survival, and the optimal cutoff
[75]
value was 13.3 kPa .

an external validation of the algorithm. When it was
used in 191 patients with liver cirrhosis, the negative
predictive value for rule-out was estimated to be 60%
and the positive predictive value for rule-in was 87% for
[68]
predicting CSPH . Thus the algorithm was not good
[68]
enough to diagnose CSPH .
There have been three studies on the use of
2D-SWE for predicting esophageal varices (EV). Elkrief
[65]
et al
compared the diagnostic performance of LS
and SS in predicting high risk EV. They detected no
difference in LS and SS between patients with high risk
EV and without high risk EV, and the AUROCs of the
LS and SS values for predicting high risk EV were 0.54
[65]
and 0.64, respectively . This outcome was probably
due to the small number of patients tested (n = 35)
most of whom had high HVPG and/or decompensated
[65]
[69]
cirrhosis . On the other hand, Stefanescu et al
studied the use of LS and SS in predicting EV in 73
patients with compensated liver cirrhosis. The AUROCs
of LS, SS and platelet count (PLT) were 0.753, 0.747,
and 0.773, respectively, and the best cut-off values of
LS, SS and PLT gave moderate diagnostic performances
3
[69]
of 19 kPa, 38 kPa, and 100 × 10 /mL, respectively .
When this result was used to apply the Baveno IV
recommendations and stepwise approaches (LS < 19
3
kPa and PLT < 100 × 10 /mL = no EV, LS > 19 kPa
3
and PLT > 100 × 10 /mL = probable EV; in the Grey
zone, SS < 38 kPa = no EV, SS ≥ 38 kPa = probable
[69]
EV), it had an accuracy of 83.07% for ruling out EV .
However, when the algorithm was used with the platelet
counts to predict EV it did not improve the diagnostic
accuracy of the rule out algorithm proposed by Jansen
[70]
[71]
et al . Similarly, Kim et al
evaluated the predictive
performance of LS for presence of EV and high risk EV
in 103 patients with compensated liver cirrhosis. The
AUROCs of LS for presence of EV and high risk EV were
0.887 and 0.880, respectively, and the best cut-off
[71]
values were 13.9 kPa and 16.1 kPa, respectively .

ROLE OF 2D-SWE IN ASSESSING FOCAL
LIVER LESIONS
Focal lesions are often seen in US examinations, but
benign focal lesions and malignant focal lesions are
difficult to distinguish by conventional US. In such cases
additional Doppler or contrast US has been used. Unlike
TE, 2D-SWE can measure the stiffness of focal liver
lesions (FLLs) under B-mode guidance. Several groups
have reported that stiffness measured by 2D-SWE helps
[76-78]
distinguish intrahepatic focal lesions
. The stiffness
value of malignant lesions was significantly higher
[76,78]
than that of benign lesions
. In benign lesions, the
stiffness of focal nodular hyperplasia was significantly
[77]
higher than that of hepatocellular adenoma . In
malignant lesions, the stiffness of metastatic tumors
[76]
was significantly higher than that of HCC .
[78]
Recently, Grgurevic et al
analyzed 196 patients
with 259 FLLs and found that the best performing cutoff value for malignancy was 22.3 kPa (sensitivity
83%, specificity 86%, positive predictive value 91.5%,
negative predictive value 73%). In addition, a Liver
Elastography Malignancy Prediction (LEMP) score was
constructed by combining lesion stiffness, lesion/liver
[78]
stiffness ratio and lesion stiffness variability . The

ROLE OF 2D-SWE IN PREDICTING THE
DEVELOPMENT OF HCC
TE is a useful predictor of HCC development in patients
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accuracy of this score was 96.1% for distinguishing
[78]
between benign and malignant FLL .

12

CONCLUSION

13

Assessing liver fibrosis by noninvasive methods
is always an important issue in the management
of chronic liver diseases. In this article, we have
summarized evidence that 2D-SWE is a promising tool
for evaluating liver fibrosis in various liver diseases. It is
also a useful method for evaluating portal hypertension
and predicting HCC development. However, it cannot
completely replace invasive methods for managing
these patients because of the complexity of liver
diseases and the variety of factors that affect liver
stiffness. In addition, the data on some aspects of
chronic liver diseases based on studies of LS by 2D-SWE
are still inadequate. In that context, larger, prospective
and multicenter studies of 2D-SWE are needed.
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Abstract
AIM
To investigate the role of Delta-like ligand 4 (DLL4) on
tumour growth in hepatitis B virus (HBV)-associated hepa
tocellular carcinoma (HCC) in vivo .

INTRODUCTION

METHODS
We suppressed DLL4 expression in an HBV expressing
HCC cell line, HepG2.2.15 and analysed the growth ability
of cells as subcutaneous tumours in nude mice. The ex
pression of tumour angiogenesis regulators, VEGF-A and
VEGF-R2 in tumour xenografts were examined by western
blotting. The tumour proliferation and neovasculature
were examined by immunohistochemistry. The viral repli
cation and viral protein expression were measured by
quantitative PCR and western blotting, respectively.

Hepatocellular carcinoma (HCC) is the third most
common cause of cancer-associated mortality. Appro
ximately 80% of HCC is associated with chronic hepatitis
[1]
viral infections . Hepatitis B virus (HBV) infection is the
most prevalent cause of HCC in developing countries.
Although an HBV vaccine has successfully prevented
HBV infection, there are still a large number of chronic
hepatitis B patients who are at a high risk (maximum
100-fold increase over healthy individuals) of developing
[2,3]
liver cancer . The molecular mechanisms of HBV[4]
associated HCC are poorly understood . To date,
sorafenib is the recommended drug for the treatment
of HCC patients. However, the therapeutic outcome is
still limited because liver cancer is often detected at
[5]
advanced stages . Therefore, a better understanding of
the molecular mechanisms of tumour initiation and pro
gression is needed for the further development of HCC
therapy.
Notch signalling is an evolutionarily conserved path
way that regulates cell fate decision, embryonic devel
opment, tissue homeostasis, differentiation, proliferation,
[6,7]
and apoptosis . In mammals, the Notch pathway com
prises of four Notch receptors (Notch1, 2, 3, 4) and five
Notch ligands (Jagged1, 2, and DLL1, 3, 4). Activation
of Notch signalling requires contact between a Notch
ligand from the signal sending cells and a receptor on
signal receiving cells to activate proteolytic cleavage and
the subsequent translocation of the Notch intracellular
[8]
domain to the nucleus where it translates target genes .
Dysregulation of Notch signalling has been reported in
many types of cancer as either a tumour suppressor or
[9-11]
tumour promoter depending on the type of cancer
.
In HCC, the role of Notch signalling is still controversial.
Many studies reported that Notch receptors were highly
expressed in HCC compared with the adjacent human
tumour tissue and that tumour growth was suppressed
after the inhibition of Notch either by a gamma secretase
[12-16]
inhibitor or by suppression of Notch target genes
.
Several studies have also suggested that Notch is a
[15,17-19]
tumour suppressor in HCC
. However, more evi
dence supports the pro-tumourigenic role of Notch in
HCC carcinogenesis and progression, especially in HBV[20,21]
associated HCC
. We previously reported that HBV
regulatory protein HBx promoted HBV-associated HCC

RESULTS
Eighteen days after implantation, tumour volume in mice
implanted with shDLL4 HepG2.2.15 was significantly
smaller than in mice implanted with control HepG2.2.15
(P < 0.0001). The levels of angiogenesis regulators,
VEGF-A and VEGF-R2 were significantly decreased in
implanted tumours with suppressed DLL4 compared with
the control group (P < 0.001 and P < 0.05, respectively).
Furthermore, the suppression of DLL4 expression in tu
mour cells reduced cell proliferation and the formation of
new blood vessels in tumours. Unexpectedly, increased
viral replication was observed after suppression of DLL4 in
the tumours.
CONCLUSION
This study demonstrates that DLL4 is important in regu
lating the tumour growth of HBV-associated HCC as well as
the neovascularization and suppression of HBV replication.
Key words: hepatocellular carcinoma; Notch signalling;
Delta-like ligand 4; HepG2.2.15
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We demonstrated that Delta-like ligand 4 (DLL4)
is important for tumour growth of hepatitis B virus (HBV)associated hepatocellular carcinoma (HCC) in a xenograft
model. We found that the level of angiogenesis regulators,
VEGF-A and VEGF-R2 were significantly decreased in
HCC xenograft tumours with suppressed DLL4 compared
with the control group. Consistent with these findings,
the suppression of DLL4 expression in the tumour cells
reduced cell proliferation and the formation of new blood
vessels in the tumour. Furthermore, this is the first report
that DLL4 in an HBV expressing HCC cell line plays a key
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proliferation through Delta-like ligand 4 (DLL4) via the
NF-κB pathway in HepG2, an HBV expressing HCC cell
[22]
line .
Strong evidence indicates that DLL4 regulates
angiogenesis and controls the balance of endothelial
[23]
tip and stalk cell differentiation induced by VEGF .
DLL4 is highly expressed in tumour endothelial cells
for tumour angiogenesis, which is the primary signal
[24]
for tumour progression . The inhibition of DLL4 in tu
mour endothelial cells suppressed tumour growth by
[25]
inducing non-productive angiogenesis . Currently, a
DLL4 neutralizing antibody has been developed and
is being tested in a clinical trial for anticancer therapy
[26,27]
in various cancers
. However, the effect of DLL4
inhibition in HCC has not been explored. In this study, we
investigated the role of DLL4 on tumour growth in HCC
associated with HBV in a xenograft model and detailed
the molecular mechanism of HCC.

nu mice aged four weeks were purchased from the
National Laboratory Animal Center (Mahidol University,
Thailand) and were acclimatized for two weeks before
experimentation. Mice were maintained under 12 h lightdark cycle with 50% humidity and with free access to
food and water. The shDLL4 HepG2.2.15 and control
HepG2.2.15 cells were trypsinized at a concentration of 1
× 107 cells/ml. One millilitre of the cells was centrifuged
and resuspended in 100 μl of Matrigel (Corning, NY,
United States). The cell suspension was subcutaneously
injected into the back left and right flanks of nude mice (n
3
= 4-6). The tumour volume (cm ) was measured every
three days until 18 d and 30 d using Vernier calipers and
2
calculated using the formula: (length × width )/6. The
mice were weighed every three days and monitored for
activity and mortality. All animals were euthanized by
barbiturate overdose for tumour collection.

Western blotting analysis

Total cell lysates were prepared in RIPA buffer (Cell Signa
ling Technology, MA, United States) containing protease
inhibitor cocktail (Pierce, Thermo Fisher Scientific, MA,
United States). After sonication, 20 μg of cell lysates
were blotted and probed with primary antibodies to
anti-DLL4, anti-cleaved Notch 1, anti-VEGFR2, anti-β
actin (Cell Signaling Technology; 1:1000), anti-VEGF,
anti-PreS1 HBV antigen, and anti-GAPDH (Santa Cruz
Biotechnology, Dallas, TX, United States; 1:1000).
Peroxidase-conjugated goat anti-rabbit immunoglobulin
(Santa Cruz Biotechnology) and goat anti-mouse
immunoglobulin (Cell Signaling Technology) were used
as secondary antibodies. Immunoblot detection was
performed using Super Signal West Femto Maximum
Sensitivity Substrate (Pierce, Thermo Fisher Scientific).
The protein intensity was estimated by the densitometry
of scanned immunoblot bands using Image Studio Lite
version 5.2 software (LI-COR Biosciences).

MATERIALS AND METHODS
Cell culture

The HBV-expressing HCC cell line (HepG2.2.15) and the
HepG2 cell line were obtained from Professor Antonio
Bertoletti [Singapore Institute for Clinical Sciences at
Agency for Science, Technology and Research (A*Star)].
Cells were cultured in high glucose DMEM medium (Gibco,
Carlsbad, CA, United States) supplemented with 10%
foetal bovine serum (Gibco), 150 μg/ml of G418 (Gibco),
and 1% of penicillin-streptomycin (Invitrogen, Carlsbad,
CA, United States). Cultures were maintained at 37 ℃ in
a 5% CO2 humidified incubator.

Generation of stable DLL4 knockdown cell lines

HepG2.2.15 cells line was transfected with a set of
DLL4 shRNA (Origene Technologies, MD, United States)
targeting four shDLL4 cassettes in the pGFP-V-RS
Vector (TG304977). The transient transfection used
Lipofectamine 2000 (Invitrogen) at 2.5 μl for 1 μg of
5
shRNA vector into 1 × 10 cells per well in a 12-well plate.
After 48 h, DLL4 mRNA expression was determined
in transfected cells. The highest efficacy of shRNA
(5′-ACCAGAAGAAGGAGCTGGAAGTGGACTGT-3′) vector
was used to generate stably transfected cells. For stably
transfected cell lines, transiently transfected cells were
plated into 96-well plates by limiting dilution and selected
by the addition of 0.3 μg/ml puromycin to the culture
medium for 4-5 wk. Puromycin-resistant clones with sup
pressed DLL4 were expanded, and DLL4 expression was
analysed by western blot analysis and compared with
the control. The clones with the highest degree of DLL4
suppression were used for tumour xenografts.

Immunohistochemistry analysis

After the end of the experiment, the tumours were
collected, fixed in 10% formalin solution, and embedded
in a paraffin block. The tissue sections were cut with a
microtome to obtain 4 μm thick paraffin sections, then
deparaffinized and rehydrated in a series of xylenes
and alcohols followed by retrieval of the antigenic epi
topes. Antigen retrieval was performed in citrate buffer
(pH 6, 100 ℃ for 20 min). The tissue sections were
treated with 3% H2O2 for 15 min and blocked with nor
mal serum for 30 min, then incubated with primary
antibody in a humidity chamber at 4 ℃ overnight. The
primary antibodies included anti-CD31 (Santa Cruz
Biotechnologies; at a dilution of 1:500), and anti-Ki-67
(Ventana Medical Systems, Inc.; AZ, United States)
(ready to use). ZytoChem Plus (HRP) Polymer antiRabbit (Zytomed Systems, Berlin, Germany) (ready to
use) and rabbit anti-goat immunoglobulin-HRP (Dako;
CA, United States), were used for the detection of pri
mary antibodies. The immunoreaction was visualized

In vivo study and tumour xenograft

The study was approved by the Institutional Review
Board of the Faculty of Medicine, Chulalongkorn Uni
versity. All protocols were carried out in accordance with
relevant guidelines and regulations. Male BALB/cMlac-
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titative PCR amplification was performed with SYBR
green (Applied Biosystems) on the Applied Biosystems
7500 Real-Time PCR System.

Table 1 The primer sequences used in this study
Genes

Primer sequence

β -actin

F-5′ACCAACTGGGACGACATGGAGAA-3′
R-5′GTGGTGGTGAAGCTGTAGCC-3′
F-5′GCTTTACTGATGGTCCTGGTGGTG-3′
R-5′GAGATTCTGCTCATTTGTGCCAG-3′
F-5′GAATGGGAGGCTTGAATACTGCCT-3′
R-5′TAGCAAAGATGTTCTGGAGCATCTC-3′
F-5′CTTCTCCTTCCTGATCGTGG-3′
R-5′GCTGGTTATCTCTCAGCTCCA-3′
F-5′CACCTCTCTTTACGCGGACT-3′
R-5′GGTCGTTGACATTGCAGAGA-3′
F-5′GGGTCACCATATTCTTGGGAAC-3′
R-5′CCTGAGCCTGAGGGCTCCAC-3′

IFN-α
IFN-β
TNF-α
HBx
HBV PreS1

Statistical analysis

One-way ANOVA and t-test were applied using Prism 5
software (GraphPad Software Inc., San Diego, CA, United
States). The results are shown as the mean ± SD, and
differences of P < 0.05 were accepted as the level of
significance.

RESULTS
Suppression of DLL4 delays HCC tumour growth and
reduces VEGF factor.

IFN: Interferon; TNF: Tumour necrosis factor; HBV: Hepatitis B virus;
HBx: Hepatitis B virus X gene-encoded protein.

To investigate the role of DLL4 in HCC, we transfected
a DLL4 suppression construct, shDLL4 to knockdown
DLL4 expression or control pGFP-V-RS plasmids into
the HepG2.2.15 cell line. Clones of transfected cells with
stable knockdown of DLL4 were selected with puromycin
by limiting dilution assay. Various clones were selected
and DLL4 expression was determined by western blot
and compared with the control (Figure 1A). Clones
with the strongest DLL4 suppression were chosen for
xenograft transplantation. At 18 d and 30 d after shDLL4
HepG2.2.15 transplantation, mice showed significantly
reduced tumour growth (Figure 1B) for both tumour
volume (n = 4-6, P < 0.0001) and tumour weight (n =
4-6, P < 0.05 at 18 d and P < 0.01 at 30 d) compared
with mice transplanted with control HepG2.2.15 cells
(Figure 1C and D).
We monitored the expression of DLL4 and cleaved
Notch1 expression in tumours taken from xenograft
mice. Interestingly, the expression of DLL4 recovered
in one mouse (#5 Figure 1E) and cleaved Notch1 was
not significantly different in the implanted HepG2.2.15
tumours with shDLL4 compared with controls (Figure 1E
and F).
DLL4 is mainly expressed in vascular endothelium
and is related to VEGF expression, which promotes
[30-32]
tumour angiogenesis
. To examine whether DLL4expressing HCC is associated with VEGF expression, we
analysed VEGF expression from the tumour xenograft.
Interestingly, at 18 d after transplantation, the expression
of VEGF was significantly decreased in implanted
HepG2.2.15 tumours with shDLL4 compared with the
control tumour (P < 0.001) (Figure 1E and F). VEGFR2
and CD31, tumour vasculature markers, were also
significantly reduced in shDLL4 HepG2.2.15 compared
with control HepG2.2.15 (P < 0.05 and P < 0.001,
respectively) (Figures 1E and F, 2A and B, respectively).
CD31 expression, which indicates neovascularization,
was also decreased consistent with the Ki67 expression.
Next, we analysed cell proliferation by Ki67 expression
in tumour xenografts using immunohistochemistry. The
suppression of DLL4 reduced the percentage of cells with
Ki67 nuclear positivity as shown at day 18 post trans
plantation in Figure 2B and 2D (P < 0.05). The tumour

with ultraView Universal DAB Detection Kit (Ventana
Medical Systems, Inc.). The nuclei were counterstained
with Mayer’s haematoxylin. Immunoreactions were mea
sured in five microscopic fields per sample with 20 ×
objective magnification (Nikon Eclipse50i, Japan). The
percentage of Ki67 was analysed by the ImmunoRatio
[28]
web application .

Tumour vasculature imaging

Tumour vasculature imaging was performed as pre
[29]
viously described . Briefly, mice were anesthetised with
an intraperitoneal injection of sodium pentobarbital (50
mg/kg BW). A catheter was inserted into the jugular
vein for the application of fluorescence tracers. Then, the
dorsal skin-fold chamber was removed, and the skin area
around the chamber was fixed with modelling wax on a
plate. To visualise the vascular lumen, a bolus of 0.1 mL
of 5% fluorescein isothiocyanate-labelled dextran (FITCdextran) was injected into the jugular vein. The tumour
vasculature was visualised under a confocal microscope.

Quantitative gene expression

Total RNA was extracted from cell culture or xenograft
tumour tissues using the RNeasy Mini kit (Qiagen, Hilden,
Germany). One microgram of RNA was converted to
cDNA using High Capacity cDNA Reverse Transcription
Kits (Applied Biosystems, Carlsbad, CA, United States).
Quantitative PCR amplification was performed with SYBR
green (Applied Biosystems) on the Applied Biosystems
7500 Real-Time PCR System for 40 cycles. Derivation
of the 2-ddCT method was applied for the relative quan
tification of mRNA expression. Beta-actin was used as an
endogenous control. The primers used in this study are
shown in Table 1.

HBV viral DNA analysis

Genomic DNA was extracted from cell culture or xeno
graft tumour tissues using the QIAamp DNA Mini Kit
(Qiagen). Fifty nanograms of DNA of all samples were
amplified to determine preS1 HBV gene expression
relative to a standard copy number of HBV. The quan
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Figure 1 Delta-like ligand 4 expression promotes hepatitis B virus-associated hepatocellular carcinoma tumour growth in vivo. A: Western blot analyses of
DLL4 expression in HepG2.2.15 stably transfected with shDLL4 or control vector. GAPDH was used as the loading control. B-D: HepG2.2.15 transfected with shDLL4
or control vector were subcutaneously injected into athymic nude mice (B) (1 × 107 cells per mouse, n = 4-6). Tumour volume (C) and tumour weights (D) are shown.
At 18 d and 30 d after implantation, tumours were collected and analysed for DLL4, cleaved Notch1, VEGFA, and VEGFR2 by western blot. Beta-actin was used for
the loading control. The blots cropped from different parts of the same gel (E). Band intensities from (E) were measured and the results are presented as the mean ±
SD of three independent experiments (F). aP < 0.05; bP < 0.01; cP < 0.001.
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Figure 2 Suppression of Delta-like ligand 4 reduces tumour proliferation and neovasculature at the initiation stage of implantation. A and B:
Immunohistochemical staining of CD31 (a-d) and Ki67 (e-h) shows mouse neovessels and tumour cell proliferation in paraffin sections of tumour xenografts,
respectively. Five fields of each section were quantified for the amount of CD31 staining (C), and the percentage of Ki67 positive cells (D) in tumours transfected with
shDLL4 or control vector at 18 d and 30 d after implantation. The tumour vasculature was measured after tumour implantation with shDLL4 HepG2.2.15 or control
cells at 30 d (E). The data represent the mean ± SD. aP < 0.05; bP < 0.01; cP < 0.001.

vasculature was also decreased in shDLL4 HepG2.2.15
compared with control HepG2.2.15 (Figure 2E).
Interestingly, at 30 d after transplantation, the
expression of VEGFR2, CD31, and Ki67 were not sig
nificantly different between shDLL4 HepG2.2.15 and
control tumours. These data suggested that DLL4 may
have an important role at the initiation stage of tumour
proliferation.

Notch signalling by increasing DLL4 had no effect on HBV
[22]
viral replication . To confirm our observation in vivo,
we monitored viral production in the tumour xenograft.
Unexpectedly, we found that HBV viral DNA and HBx
mRNA expression were significantly increased in shDLL4
HepG2.2.15 compared with control HepG2.2.15 (P < 0.05
and P < 0.01, respectively). HBV preS1 protein was also
increased in shDLL4 HepG2.2.15 at 18 d and 30 d after
implantation (Figure 3A-C). We therefore measured the
amount of type I interferon and found no difference in
the level of IFN-α, IFN-β, or TNF-α (Figure 3D-F). Taken
together, we found that a decrease in DLL4 expression in

Suppression of DLL4 increases HBV viral production in
vivo

We have previously shown that in vitro HBV activated
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Figure 3 Suppression of Delta-like ligand 4 enhances hepatitis B virus viral replication (A), HBx mRNA expression (B), and HBs protein expression (C)
in vivo. DNA, RNA, and proteins were extracted from tumour xenografts to analyse HBV viral components at 18 d and 30 d after implantation. The mRNA levels
of human IFN-alpha (D), IFN-beta (E), and TNF-alpha (F) from tumours transfected with shDLL4 or control vectors were measured by quantitative RT-PCR and
normalized to beta-actin mRNA expression. The data are represented by the mean ± SD. aP < 0.05; bP < 0.01.

the HBV expressing HCC cell line in vivo reduced tumour
cell proliferation and increased viral replication.

suggested that a high level of DLL4 is associated with
[35,36]
inhibition of tumour growth and metastasis in HCC
.
Notch receptors have been suggested to play a role in
both oncogenes and tumour-suppressor genes in dif
[37,38]
ferent cell types
. We hypothesized that DLL4 may
act as an oncogene in the initiation stage of tumour
development, and then act as a tumour suppressor in
the late stage depending on the DLL4 isoform or other
tumour microenvironments. However, the dual function
of DLL4 as a tumour-suppressor and oncogene needs to
be further clarified.
The most striking effect of DLL4 knockdown on
HepG2.2.15 in vivo was the reduction of angiogenesis
factors, VEGFA and VEGFR2 (Figure 1E). In our study, we
detected VEGFA of tumour (human) origin and VEGFR2
of host (mouse) origin. When the tumour vasculature
was visualized, a reduced vasculature was observed in
DLL4 knockdown tumours, consistent with the reduced
expression of angiogenesis factors. CD31, an endothelial
cell marker, was also reduced. DLL4 was reported to be
[39]
involved in tumour angiogenesis . Suppressing DLL4
in tumours resulted in non-productive angiogenesis and
[40]
the suppression of tumour growth . Our observation is
in line with these reports and confirmed the importance
of DLL4 in angiogenesis during tumour growth. DLL4
on tumour cells interacts with Notch receptors on host
stromal/endothelial cells and helps tumour angiogenesis,
[41]
thus improving tumour vascular function . This event
leads to increased tumour growth in some, but not all,
types of cancer cells such as glioblastoma and prostate
cancer. Our result is consistent with this observation,
and we have added HCC as another tumour cell that

DISCUSSION
In this study, we followed up on our previous observation
that HBx induced DLL4 in the HCC cell line and regulated
[22]
cell survival at least via the activation of Notch1 .
The effects of DLL4 suppression in an HCC cell line
was observed at two main levels: (1) was the effect
on tumour growth and (2) was the effect on viral repli
cation. As expected, HepG2.2.15 with reduced DLL4
expression grew poorly in immunocompromised nude
mice, compared with the siRNA transfected control. The
suppression effect of DLL4 remained intact 18 d after
implantation but it was diminished in some, but not all
mice, after 30 d. Interestingly, the level of cleaved Notch1
was not reduced in all tumours even when DLL4 was
successfully suppressed. Similarly, the level of Hes1 and
Hey1, two well-characterized Notch target genes, were
also not affected by DLL4 suppression in tumours (data
not shown). It is possible that other Notch receptors
besides Notch1 and Notch ligands, such as JAG1 or DLL3,
are activated in the tumours. Indeed, HBx expression
[33]
induced JAG1 expression in the HCC cell line . In one
study, suppressing both DLL4 and Jagged1 increased the
inhibitory effect on the proliferation and invasiveness of
[34]
human gastric carcinoma . Although we cannot rule out
the possibility that Notch receptors/ligands are activated
in the tumour, our observation clearly showed that DLL4
is important for the tumour growth of the implanted
HepG2.2.15 cell line. However, there are studies that
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relies on DLL4 for vasculature formation. One intriguing
observation from our study is that tumour (human)
derived VEGF induces vasculature in the host (mouse).
Recent comprehensive and integrative genomic cha
racterisation of hepatocellular carcinoma was performed
on various HCC of different aetiologies. Although Notch
receptors/ligands and the associated signalling molecules
did not stand out as the prime mutated genes, the core
Notch signalling was one of the pathways in HCC with
enriched frequencies of functionally impactful mutations
[42]
(ranked as No. 71) . In HCV-related HCC, the Notch
tumour signature genes (activation and deregulation)
were found in 31.8% of patients (n = 91), suggesting a
partial role of Notch signalling in promoting HCC in HCV
[16]
infection . This analysis highlighted the fact that Notch
signalling may be involved in certain, but not all, subsets
of HCC. In addition, it is not known whether HCC arising
from other non-viral infections causes, but DLL4 has been
linked to liver fibrosis and non-alcoholic steatohepatitis
[43]
pathogenesis .
Tumour cell proliferation was significantly reduced
when DLL4 was suppressed. This effect was determined
by the reduction in Ki67, which was robust at an
early stage (18 d post transplantation). There are two
likely scenarios for the effect of DLL4 on tumour cell
growth. One possibility is that reducing DLL4 expres
sion decreased Notch signalling and as a result, cell
growth in vivo was compromised. Many studies have
reported the cell proliferation promoting effect of Notch
[44-46]
in HCC
. Suppression of DLL4 in HepG2.2.15
reduced cell viability and interfered with cell cycle pro
[22]
gression in vitro . Another possibility is that the defect
in angiogenesis within tumours played a key role in
reducing cell proliferation. This effect together with
reduced angiogenesis may contribute to severe growth
retardation in vivo.
Unexpectedly, increased viral replication was
observed in HepG2.2.15 upon DLL4 suppression in
vivo. We previously reported that suppressing DLL4 in
[22]
HepG2.2.15 in vitro did not alter viral replication . This
discrepancy highlights the more complex multi-cellular
interactions in vivo. It is unclear how DLL4 suppression
promoted HBV viral replication. However, there may be
two possibilities: the extrinsic and/or the intrinsic effect.
If suppressing DLL4 created an environment that was
friendly to viral replication, such as by inducing less
anti-viral cytokines IFNα/β or promoting skewed helper
T cell polarization, then this is considered an extrinsic
effect. In contrast, what we observed is that there was
no significant difference in IFNα/β level between control
and tumour with suppressed DLL4 and the mice lacked
adaptive immune response. Thus, we concluded that
the viral replication promoting effect must be intrinsic.
Namely the intracellular environment with reduced DLL4
levels allowed the virus to replicate better. Currently,
there is no evidence that this effect is dependent upon
reduced Notch signalling.
There are several reports on the effect of viral in
fection and Notch ligand expression. In Dengue virus
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infection, DLL1 and DLL4 were upregulated in antigen
presenting cells via the IFN-β signalling pathway, which
[47]
in turn influenced helper T cell responses . Respi
ratory syncytial virus also induced DLL4 expression in
[48]
dendritic cells to direct helper T cell polarization . In
another report, Kaposi sarcoma herpesvirus induced
the expression of DLL4 and JAG1 to alter cell cycle regu
[49]
lating genes in neighbouring cells . However, there
has been no report on the impact of DLL4 expression
on HBV replication. Our observation that suppressing
DLL4 decreased angiogenesis indicates it might induce
hypoxic conditions within the tumour. Indeed, various
studies have linked the expression of hypoxia-inducible
[50,51]
factor and viral replication during carcinogenesis
. If
hypoxia and cellular stress due to defective angiogenesis
caused by DLL4 suppression is the cause for enhanced
viral replication, then it is speculated that suppressing
DLL4 expression may promote viral replication in other
cell types as well. Whether increased HBV replication is
the cause for reduced tumour growth is not determined.
Taken together, we report the novel findings that
DLL4 in an HBV expressing HCC cell line regulated tu
mour growth, angiogenesis, and viral replication in a
mouse model of xenograft transplantation. Therefore,
DLL4 may be a good candidate for HCC therapy.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) has been
studied for many decades. However, the molecular mechanism is still unclear.
Notch signaling in HCC pathogenesis is controversial, but we found that HBx
promoted HBV-associated HCC proliferation through Delta-like ligand 4 (DLL4)
(Notch ligand) in an in vitro study. However, the effect of DLL4 inhibition in HCC
has not been explored.

Research motivation

DLL4 has a potential function for angiogenesis that supports tumour growth.
The understanding of DLL4 mechanism might lead to identifying a new target
for HCC therapy.

Research objective

We investigated the role of DLL4 on tumour growth in HCC associated with
HBV in a xenograft model and detailed the molecular mechanism of HCC.

Research methods

We inhibited the DLL4 expression in HBV-associated HCC, and then
subcutaneously implanted in nude mice. We analysed the ability for tumour growth,
angiogenesis regulators (VEGF-A, VEGF-R2) expression, neovasculature, and
HBV expression in tumour xenografts.

Research results

The tumour volume, VEGF-A, and VEGF-R2 were significantly decreased in
mice implanted with suppressed DLL4 HCC compared with the control group.
The suppression of DLL4 expression in tumour cells reduced cell proliferation
and the formation of new blood vessels in tumours. Unexpectedly, viral
replication increased in DLL4 suppressed tumours.

Research conclusions

This study demonstrates that DLL4 is important in regulating the tumour growth
and neovascularization in HBV-associated HCC, as well as suppressing HBV
replication in vivo.

3868

September 14, 2018|Volume 24|Issue 34|

Kunanopparat A et al . DLL4 promotes tumour growth

Research perspective

This study showed that DLL4 is essential for the tumour growth of the
implanted HBV-associated HCC cell line, especially in the initiation stage of
tumour growth. However, the role of DLL4 as a tumour oncogene and tumour
suppressor gene in HCC needs to further clarification.
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increased probiotics and decreased potential pathogenic
endotoxin-producing bacteria. These findings
provide a novel strategy based on gut microbiota for
immunosuppressive dosage assessment for recipients
following LT.

Abstract

Key words: Liver transplantation; Graft function; Gut
microbiota; Immunosuppressor; Tacrolimus; Rejection;
Denaturing gradient gel electrophoresis

AIM
To study the influence of different doses of tacrolimus
(FK506) on gut microbiota after liver transplantation
(LT) in rats.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to illustrate the effects
of different dosages of Tacrolimus (FK506) on gut
microbiota following liver transplantation (LT) and
indicates that an optimal dosage of FK506 induces
effective immunosupression, good graft function
and stable gut microbiota after LT in rats. Based on
the relationship between gut microbiota and the
immunosuppressive dosage in this study, we can not
only illustrate precise changes of gut microbiota given
by different dosages of FK-506 following LT, but we also
provide a novel monitoring strategy based on changes
in gut microbiota for immunosuppressive dosage
assessment in patients following LT.

METHODS
Specific pathogen-free Brown Norway (BN) rats
and Lewis rats were separated into five groups: (1)
Tolerance group (BN-BN LT, n = 8); (2) rejection
group (Lewis-BN LT, n = 8); (3) high dosage FK506
(FK506-H) group (Lewis-BN LT, n = 8); (4) middle
dosage FK506 (FK506-M) group (Lewis-BN LT, n = 8);
and (5) low dosage FK506 (FK506-L) group (LewisBN LT, n = 8). FK506 was administered to recipients at
a dose of 1.0 mg/kg, 0.5 mg/kg, and 0.1 mg/kg body
weight for 29 d after LT to the FK506-H, FK506-M,
th
and FK506-L groups, respectively. On the 30 day
after LT, all rats were sampled and euthanized.
Blood samples were harvested for liver function and
plasma endotoxin testing. Hepatic graft and ileocecal
tissues were collected for histopathology observation.
Ileocecal contents were used for DNA extraction,
Real-time quantitative polymerase chain reaction (RTPCR) and digital processing of denaturing gradient gel
electrophoresis (DGGE) profiles and analysis.

Jiang JW, Ren ZG, Lu HF, Zhang H, Li A, Cui GY, Jia JJ, Xie
HY, Chen XH, He Y, Jiang L, Li LJ. optimal immunosuppressor
induces stable gut microbiota after liver transplantation. World J
Gastroenterol 2018; 24(34): 3871-3883 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i34/3871.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i34.3871

RESULTS
Compared to the FK506-H and FK506-L groups,
FK506-M was optimal for maintaining immuno
suppression and inducing normal graft function; the
FK506-M maintained gut barrier integrity and low
plasma endotoxin levels; furthermore, DGGE results
showed that FK506-M induced stable gut microbiota.
Diversity analysis indicated that FK506-M increased
species richness and rare species abundance, and
cluster analysis confirmed the stable gut microbiota
induced by FK506-M. Phylogenetic tree analysis
identified crucial bacteria associated with FK506-M;
seven of the nine bacteria that were decreased
corresponded to Bacteroidetes , while increased bacteria
were of the Bifidobacterium species. FK506-M increased
Faecalibacterium prausnitzii and Bifidobacterium
spp . and decreased Bacteroides-Prevotella and
Enterobacteriaceae , as assessed by RT-PCR, which
confirmed the crucial bacterial alterations identified
through DGGE.

INTRODUCTION
Liver transplantation (LT) is considered the only
definitive therapy for end-stage liver diseases,
including liver cirrhosis, liver failure and hepatocellular
[1,2]
carcinoma . Currently, the 1-year survival rate in
patients following LT has reached 90% and the 5-year
[3]
survival has reached 75% . However, rejection
after LT remains the major cause of hepatic graft
[4]
dysfunction and is a life-threatening complication .
Treatment with inadequate immunosuppression
might lead to a higher risk of rejection and even graft
dysfunction, whereas excessive immunosuppression
has been closely associated with a greater incidence
of infection, sepsis, drug toxicity, cancer, chronic graft
dysfunction, renal dysfunction, and even increased
[5-7]
mortality , with bacterial infection being the most
[8]
prevalent type of infection . Thus, the optimal dosage
of immunosuppressive medication is crucial for the
prevention of rejection, lessening of immunosuppression
[9]
toxicity and treatment of patients following LT .
The gut microbiota has been considered the most
important micro-ecosystem that possesses a symbiotic
[10-12]
relationship within the body
. The gut microbiota

CONCLUSION
Compared to the low or high dosage of FK506, an
optimal dosage of FK506 induced immunosuppression,
normal graft function and stable gut microbiota
following LT in rats. The stable gut microbiota presented
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plays a crucial role in the development of fatty liver
[13]
[14]
[15]
disease , liver cirrhosis , hepatocellular carcinoma ,
[16]
[17]
liver ischemic injury
and liver graft rejection . Our
previous study indicated that the healing of hepatic
injury could ameliorate gut barrier function and promote
[16]
gut microbial restoration following LT in rats . We
also found that graft rejection after LT could induce gut
microbial alterations, thereby inducing subsequent gut
barrier dysfunction, which presented a decrease of fecal
secretory immunoglobulin A (sIgA) and an increase
in blood endotoxin and tumor necrosis factor-α. RTPCR results showed that the genus Faecalibacterium
prausnitzii and Lactobacillus were decreased, whereas
Clostridium bolteae was increased, which might in turn
[18]
aggravate hepatic rejection .
Nevertheless, the influence of immunosuppressive
medication on gut microbiota following LT remains
unclear, and the association between the dosage of
immunosuppressants and gut microbial alterations
requires urgent elucidation. In this study, we studied
the influence of different dosages of FK506 on hepatic
graft function and gut microbiota following LT in rats.
Furthermore, we identified the gut microbial profile
and crucial bacterial community constituents using
Denaturing gradient gel electrophoresis (DGGE), and
further verified the alterations of dominant gut bacterial
populations with RT-PCR.

The study was conducted in accordance with the
‘‘Guide for the Care and Use of Laboratory Animals’’
published by the National Institutes of Health (NIH
publication 86-23, revised 1985). The experimental
protocol was approved by the Animal Care and Use
Committee of the First Affiliated Hospital, School of
Medicine, Zhejiang University.

LT surgical procedures and sample collection

The LT surgery was performed according to our
[16,19]
previous methods
, with slight modifications.
The anesthesia was performed by intraperitoneal
injection of Ketamine Hydrochloride (100 mg/kg) and
Atropine (1 mg/kg) (Shanghai No. 1 Biochemical and
Pharmaceutical, China), and then ether was inhaled
[6]
to maintain anesthesia . All recipients were revived
shortly after the procedure and no further treatment
was administered.
th
All rats were sampled on the 30 day after LT. The
abdominal aorta was punctured, and blood samples
were harvested for liver function and plasma endotoxin
testing. Hepatic graft and ileum tissues near the
ileocecus were collected for morphological observation.
Ileocecal contents were harvested and stored at -80 ℃
for gut microbial analysis. All rats were then euthanized
via an overdose of anesthetic.

Liver function and plasma endotoxin testing

Plasma alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were detected using an
automatic biochemical analyzer (Hitachi 7600, Tokyo,
Japan).Plasma endotoxin level was determined using
a colorimetric Limulus Test (Shanghai Yihua Medical
Technology Co., Ltd, China) in accordance with the
manufacturer’s instructions.

MATERIALS AND METHODS
Animals

Specific pathogen-free (SPF) male inbred Brown
Norway (BN) and Lewis rats (weight 220-250 g, age
12-15 wk) were purchased from Beijing Vital River
Laboratories (Beijing, China). They were housed in a
clean-level animal house located at the First Affiliated
Hospital, School of Medicine, Zhejiang University. All
rats were housed at 22-24 ℃ in 12 h light/dark cycles
and fed sterilized standard rat chow and water.

Histopathology and transmission electron microscopy
evaluation

The hepatic graft and an ileum tissue sample taken
3 cm from the ileocecus were fixed in 40 g/L neutral
formaldehyde and embedded in paraffin, cut into 4-μm
slices, stained with hematoxylin and eosin (HE), and
then analyzed under light microscopy. At the same
3
time, approximately 1 mm of the same samples were
fixed in a 2.5% glutaraldehyde solution and prepared in
accordance with the standard technical procedures for
transmission electron microscopy (TEM), as previously
[20]
described . Hepatic and ileal ultrastructures were
analyzed at the Imaging Facility of Core Facilities,
Zhejiang University School of Medicine. Histopathology
and TEM evaluation were investigated by a pathologist
blinded to the treatment group.

Experimental design and protocol

The study animals were divided into five groups as
follows: (1) Tolerance group (BN-BN LT, n = 8); (2)
rejection group (Lewis-BN LT, n = 8); (3) high dosage
FK506 (FK506-H) group (Lewis-BN LT, n = 8); (4)
middle dosage FK506 (FK506-M) group (Lewis-BN LT,
n = 8); (5) low dosage FK506 (FK506-L) group (LewisBN LT, n = 8). In the Tolerance group, both donors and
recipients were BN rats; in the other four groups, both
donors were Lewis and recipients were BN rats. FK506
was administered to recipients at a dose of 1.0, 0.5,
and 0.1 mg/kg weight for 1 mo after LT to the FK506-H,
FK506-M, and FK506-L groups, respectively. To mimic
the clinical application, FK506 was administrated via
abdominal subcutaneous injection once every 12 h for 7
d after LT, and then via intragastric administration, once
per day for the following 8-29 d. The sustained-release
FK506 was administered intragastrically to maintain a
consistent dosage effect for 24 h.

WJG|www.wjgnet.com

DNA extraction of ileocecal contents

DNA extraction of a frozen aliquot of each ileocecal fecal
[16]
sample was performed as in our previous studies .
DNA concentration was measured by NanoDrop (Thermo
Scientific), and DNA integrity was verified using agarose
gel electrophoresis.
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Real-time quantitative PCR

different groups. Student t-test was used to examine
parametric data between the two groups. Statistical
analyses were performed using SPSS version 19.0 for
Windows (SPSS Inc., Chicago, IL, United States). A
P-value of less than 0.05 was considered statistically
significant.

The primers used for quantitative RT-PCR (RT-qPCR)
are listed in Supplementary Table 1. All oligonucleotide
primers were synthesized by TAKARA (Dalian, China).
[21]
RT-qPCR was performed as reported previously .
The copy number of 16s rDNA operons per microliter
of crude DNA template was determined by comparing
serially diluted plasmid DNA standards running on the
same plate.

RESULTS
A middle dosage of FK506 is optimal for maintaining
liver transplant immunosuppression

DGGE profiling

An overdose or insufficient dosage of FK506 may lead
to graft dysfunction, thus we first observed survival
of all recipients. All rats following LT survived except
one LT recipient in the FK506-H group that died of
severe abdomen infection, which suggested an oversuppression of the immune status, thereby inducing
infection and increasing mortality.
To illustrate the influence of different dosages of
FK506 on hepatic grafts, we observed graft morphology.
Under light microscopy (Figure 1A), hepatic grafts in
the tolerance group presented a regular structure with
well-arranged hepatocyte cords. In the rejection group,
graft histology showed no obvious hepatocyte cords,
accumulation of numerous red blood cells, and marked
hepatocyte necrosis. However, FK506-M treatment
preserved an approximately normal hepatic structure
without hepatic acute rejection. Notably, hepatic
graft resulted in hepatocyte cord disruption, widened
sinusoids, and middle rejection injury in the FK506-L
dosage group, suggesting an insufficient suppression
of the immune status, thereby inducing rejection.
Thus, compared to the FK506-H and FK506-L groups,
FK506-M was the optimal dosage for maintaining
immunosuppression in rats following LT.
We next observed hepatic graft ultrastructure
with TEM (Figure 1B). In the tolerance group, a
normal hepatocyte structure with intact mitochondria
and endoplasmic reticulum was observed. Hepatic
graft presented significant karyopyknosis, marked
mitochondrial vacuolar degeneration, and organelle
breakdown in the rejection group. Nevertheless,
FK506-M treatment noticeably improved hepatocyte
structure, mitochondria morphology, and other
organelle structures. Notably, hepatocyte apoptosis
and mild organelle damage were noted in the FK506-L
group. Plasma ALT and AST levels reflected graft
function. Compared with the rejection group, plasma
ALT and AST were significantly decreased in the
FK506-M treatment group (both P < 0.001). In addition,
plasma ALT and AST were reduced in the FK506-M
group versus the FK506-L group (both P < 0.05). There
was no statistically significant difference between the
tolerance and FK506-M-treated groups (Figure 1C).

The V3 variable region of 16S rDNA was amplified
using a hot-start touchdown protocol with specific
primers for the conserved regions of 16S rDNA. DGGE
was performed using the D-Code universal mutation
detection system apparatus (Bio-Rad, Hercules, CA,
United States) with 16 cm × 18 cm × 1.5 mm gels
according to the manufacturer’s protocol. On each
DGGE gel, standard references in the middle and at
each end were used for digital gel normalization and
comparison of gels.

Digital processing of DGGE profiles

DGGE profiles were digitally processed using Bio
Numerics software version 6.01 (Applied Maths, StMartens-Latem, Belgium) in a multistep procedure
following the manufacturer’s instructions. The para
meters for band-class allocation followed those of our
[16]
previous study . Quantitative information of a given
band was calculated using the Gel-Pro analyzer 4
software (Media Cybernetics, United States). Diversity
was calculated using Shannon’s diversity, Simpson
index, species richness, Chao-1, Fisher alpha, and
Menhinick index with Past software (http://folk.uio.no/
[21]
ohammer/past/) . Cluster analysis of the DGGE was
conducted with an unweighted pair-group method with
arithmetic means (UPGMA) based on the Dice similarity
coefficient (band-based). Multidimensional scaling
(MDS) and principal components analysis (PCA) were
utilized following the instructions of the BioNumerics
software.

Sequencing of DGGE bands

Specific DGGE bands of interest were excised and
sequenced. Positive clones were verified and sequenced
using Sanger’s method on an ABI 3730 automated
sequencing system (Invitrogen, Shanghai, China).
Homology searches of the GenBank DNA database were
performed using the BLAST tool. Reference sequences
of phylogenetic neighbor species (up to 97% similarity)
were included to construct a phylogenetic tree with
MEGA 5.0 program based on the neighbor-joining
[15]
method .

Statistical analysis

An optimal dosage of FK506 keeps the gut barrier intact
and maintains low endotoxin levels following LT

Continuous variables were summarized as mean ±
standard deviation (SD). One-way variance analysis
followed by Dunn’s multiple comparison tests was
utilized to evaluate statistical differences among

WJG|www.wjgnet.com

The liver-gut circulation and the gut-liver axis are closely
associated with gut and liver function following LT. Thus,
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Figure 1 Middle dosage of FK506 is optimal for maintaining immunosuppression after liver transplantation. A: Representative image of the hepatic graft
pathological structure stained with hematoxylin and eosin (HE, 200 ×); B: Representative hepatocyte ultrastructure obtained via transmission electron microscopy (TEM,
2550 ×, 12500 ×); C: Assessment of hepatic graft function by plasma levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in different
treatment groups. N: Cell nucleus; M: Mitochondria. aP < 0.05; bP < 0.01; cP < 0.001.

we next observed the ileal mucosa ultrastructure using
TEM (Figure 2A). In the tolerance group, intestinal
epithelial cells presented a normal morphology with
many homogenously distributed microvilli and integrated
tight junctions. In contrast, microvilli loss, tight junction
damage, and bacterial invasion in epithelial cells were
observed in the rejection group. However, FK506-M
treatment significantly improved intestinal epithelial
structure and kept microvilli and tight junctions intact.
Notably, epithelial cell damage, microvilli disruption, and
wider lateral spaces between neighboring cells were
observed in the FK506-L treatment group.
Plasma endotoxin reflects gut barrier function.
Compared with the tolerance and FK506-M groups,
plasma endotoxin was significantly increased in the
FK506-H group (P < 0.01 and 0.05, respectively),
suggesting that over-suppression of immune status
might lead to higher endotoxin levels. Meanwhile,
plasma endotoxins were remarkably elevated in
the rejection and FK506-L groups compared to the
tolerance group (both P < 0.001). However, FK506-M
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administration significantly decreased endotoxin levels
compared to the rejection and FK506-L groups (both P
< 0.001) (Figure 2B).

An optimal dosage of FK506 induces a stable gut
microbiota as determined by DGGE

Endotoxins are the product of common gram-negative
bacteria and can initiate various pathophysiological
[22]
cascades . Plasma endotoxin changes are mainly
derived from changes in the gut microbiota. Based on
the DGGE method, we analyzed the distribution of the
ileocecal bacterial community (Figure 3). To characterize
the DGGE profiles, we utilized the Dice coefficient and
UPGMA as a cluster method to indicate band similarity.
These profiles formed two primary clusters. The left
cluster mainly consisted of samples from the tolerance
group, in which total similarity was 80.1%, with the
similarity among lanes ranging from 80.1% to 91.1%.
The other cluster contained samples mainly from the
rejection group and the different doses of the FK506
groups. Importantly, the similarity among lanes ranged
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mucosal ultrastructure shown by transmission electron microscopy for the different treatment groups (12500 ×, 30000 ×); B: Levels of plasma endotoxins in the
different groups. M: Microvilli; TJ: Tight junction. aP < 0.05; bP < 0.01; cP < 0.001.

from 82.4% to 96.7% in the rejection group and from
82.7% to 95.4% in the FK506-M treatment group,
suggesting a significant uniqueness and stability of the
gut microbiota.
In contrast, the DGGE lanes from the FK506-H and
FK506-L treatment groups presented an inordinate
distribution and an evident difference. The similarity
of these lanes was relatively low and could not be
clustered together. These results based on the DGGE
profile indicated that an optimal dosage of FK506
induced a unique and stable gut microbiota in rats
following LT.

estimated using the Chao-1, Fisher alpha, and
Menhinick indexes. Compared with the tolerance
group, Chao-1, Fisher alpha and Menhinick indexes
were remarkably reduced in the FK506-H, FK506-L,
and rejection groups (all P < 0.05). However, FK506-M
treatment significantly increased the abundance of
rare species in contrast to the FK506-H, FK506-L, and
rejection groups (all P < 0.05) (Figure 4B).
Furthermore, based on DGGE profiles, we conducted
MDS and PCA analysis. The Euclidean distance between
two points indicates the similarity between the two.
Gut microbial structures from samples of the tolerance,
FK506-M, and rejection groups were respectively
clustered together, and showed separation from each
other using MDS analysis (Dim 1, Dim 2, and Dim 3)
(Figure 4C), suggesting a relatively unique and stable
gut microbiota. PCA is an alternative approach to
visualizing relationships among lanes using lane data
(band classes). Our PCA analysis also gave similar
results based on PCA axes X/Y/Z (13.7%, 11.2%, and
10.0%, respectively) (Figure 4D).

Diversity analysis and cluster analysis of gut microbiota
using DGGE profiles

Gut microbial diversity and species richness are
important indexes used to evaluate gut microbial balance
and stability. Thus, we calculated the gray amount of
each band in each lane of the DGGE profiles with GelPro analyzer to compare microbial diversity. There were
no statistical differences in the Shannon and Simpson
indexes among the five groups (Figure 4A). Compared
to the tolerance group, species richness was significantly
decreased in the FK506-H, FK506-L, and rejection groups
(all P < 0.05). In contrast, FK506-M treatment markedly
increased species richness compared to the FK506-H,
FK506-L, and rejection groups (P < 0.01, 0.05 and 0.001,
respectively) (Figure 4A).
We also analyzed the abundance of rare species,
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Phylogenetic tree analysis of sequences based on
DGGE profiles

Of the 49 PCR-DGGE bands analyzed in the study,
48 band classes were selected. To identify crucial
bacterial populations induced by FK506-M treatment,
we compared band intensity between the FK506-M and
the rejection groups. Of the 41 band classes selected,
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Figure 3 Optimal dosage of FK506 induced a stable gut microbiota as determined using denaturing gradient gel electrophoresis. Based on the DGGE
method, the composition and distribution of ileocecal bacterial communities from samples was obtained in rats following LT. The Dice similarity coefficient (band-based)
and unweighted pair-group method with arithmetic means (UPGMA) as a cluster method were utilized to analyze the similarity of each band in the different groups.
Metric scale denotes the degree of similarity. Each band represents a bacterial clone. Band numbers indicate the position of bands excised for sequence analyses.
DGGE: Denaturing gradient gel electrophoresis.

28 showed slight variation in band intensity between
the two groups. In contrast to the rejection group, the
intensities of nine band classes [18.2 (band 1), 19.9
(band 2), 61.0 (band 9), 72.9 (band 15), 81.0 (band
16), 82.0 (band 26), 85.3 (band 17), 86.5 (band 18),
and 88.2 (band 19)] were significantly decreased (Figure
5A), while four band classes [33.7 (band 20), 41.8
(band 39), 56.8 (band 41), and 82.7 (band 47)] were
increased in the FK506-M treated group (Figure 5B).
To determine the bacterial phylogenetic relationships
and identify key bacteria involved in the microbial
changes induced by FK506-M, the phylogenetic tree
of sequences derived from DGGE bands was analyzed
using the MEGA 5 software (Figure 6). Almost all the
matched bacteria of the 48 band classes were assigned
to three phyla: Bacteroidetes (50.0%), Firmicutes
(39.6%), and Gammaproteobacteria (10.4%). The
closest matched bacteria shown on the phylogenetic
tree corresponded to 13 crucial band classes associated
with FK506-M treatment. Details of the 13 crucial
band classes are presented in Supplementary Table
2. In these crucial bacteria associated with FK506-M
treatment, 7 of the 9 decreased band classes were
matched to Bacteroidetes bacterium, belonging to
phylum Bacteroidetes, but the increased band classes
were matched to the Bifidobacterium species.

FK506-M treatment, we further analyzed dominant
bacterial populations using RT-qPCR (Figure 7).
Compared with the tolerance group, Faecalibacterium
prausnitzii and Bifidobacterium spp. were significantly
decreased, whereas the Bacteroides-Prevotella
group and Enterobacteriaceae were increased in the
FK506-L treated and rejection groups (all P < 0.05).
However, FK506-M treatment significantly increased
Faecalibacterium prausnitzii and Bifidobacterium spp.
and decreased the Bacteroides-Prevotella group and
Enterobacteriaceae when compared to the FK506-L
and rejection groups (all P < 0.05) (Figure 7A). These
results essentially verified the changes observed in the
levels of 13 crucial bacteria associated with FK506-M
treatment based on the DGGE profiles.
Moreover, in the rejection group, the Clostridium
clusters Ⅰ was elevated, whereas the Clostridium
clusters XI was reduced, in contrast to the other groups
(Figure 7B). Enterococcus faecalis was specifically
decreased in the tolerance group (all P < 0.001). There
were no statistical differences in the Clostridium cluster
XIVab and Lactobacillus between the different groups
(Figure 7C).

DISCUSSION
Liver transplantation is a life-saving technique for
patients with end-stage liver disease. Appropriate dosage
of immunosuppressive medications including FK506
could effectively prevent and treat allograft rejection

Quantitative verification of the predominant bacterial
community in fecal microbiota using RT-qPCR

To verify crucial bacteria alterations induced by
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in patients following LT. FK506 is a calcineurin inhibitor,
which has become the most used immunosuppressant
[23]
following LT . Compared to cyclosporine, FK506 is
more effective in reducing rejection, leading to better
[24]
graft function and overall survival in LT patients .
Insufficient dosage of FK506 may lead to rejection and
even graft dysfunction, while over dosage is closely
associated with infection, increased complications,
and even mortality. Unfortunately, FK506-related
toxicity, mainly due to overload usage is frequent in LT
[25]
patients .
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In patients following LT, an optimal immuno
suppressive therapy should balance the risk of infec
tion, cancer, and drug toxicity caused by excessive
immunosuppression, and the risk of rejection caused
[5]
by an inadequately suppressed immune system . To
explore the optimal immunosuppressive dosage is very
important for the long-term survival of the recipient
[9]
and the liver graft. Jia et al proved that compared
to high FK506 blood concentration (10-15 ng/L) with
adverse effects such as infection, early renal impair
ment, hepatocellular carcinoma recurrence, even
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death, reasonably low FK506 blood concentrations
(5-10 ng/mL) by less oral dosage especially in the early
phase, namely “Minimizing tacrolimus”, could prevent
graft rejection, avoid related toxicity, protect the
graft function, and promote long-term survival of the
[26]
recipient. Moreover, Geng proved that lower FK506
trough levels (< 5 ng/mL) in the late period of living
donor LT are safe and improve the long-term outcomes.
Our previous studies indicated that bacterial com
munity alterations in the gut were associated with
[14]
[18]
liver cirrhosis , hepatic graft rejection , hepatic
[19]
[27]
injury , and pancreatic carcinoma . However, the
influence of immunosuppressive medication on the gut
microbiota and the association between the dosage
of immunosuppressive drugs and alterations in gut
microbiota have not been reported to date. In our study,
all recipients survived following LT, except one recipient
in the FK506-H dosage group that died of severe
abdomen infection, suggesting an over-suppression
of the immune status. Hepatic graft presented
intermediate rejection injury in the FK506-L group,
suggesting insufficient immunosuppression. In contrast,
the FK506-M dosage maintained approximately normal
hepatic structure and function. Survival results and
graft morphology indicated that FK506-M treatment
was optimal for maintaining immunosuppression.
Meanwhile, the FK506-M dosage kept the gut barrier
intact and maintained low levels of plasma endotoxin.
Thus, the FK506-M dosage was considered optimal for

WJG|www.wjgnet.com

maintaining immunosuppression in rats following LT.
Furthermore, we observed the influence of
FK506 with different dosages on the gut microbiota.
We further analyzed gut microbiota using a DGGE
approach and found that the FK506-M dosage induced
a unique and stable gut microbiota. MDS and PCA
analysis validated the stable gut microbiota identified
by DGGE. Phylogenetic tree analysis identified crucial
bacteria associated with the FK506-M treatment.
In addition, treatment with FK506-M significantly
increased the growth of Faecalibacterium prausnitzii
and Bifidobacterium spp. and decreased that of the
Bacteroides-Prevotella group and Enterobacteriaceae as
determined via RT-qPCR, which essentially verified the
alterations in the population of crucial bacteria observed
from the DGGE profiles.
Endotoxin, also known as lipopolysaccharide
(LPS), is the main product of common gram-negative
bacteria and is a crucial factor for the association of gut
[22]
microbiota with liver inflammation . In a pathogenassociated molecular pattern of microbiota-liver axis,
LPS may possess the capacity to activate inflammation
and initiate various pathophysiological cascades. High
levels of LPS activate the NF-κB pathway, produce
proinflammatory cytokines [tumor necrosis factor
(TNF)-α, interleukin (IL)-6, and IL-1], and lead to liver
inflammation and aggravation of hepatic oxidative
[28]
damage . In our study, plasma endotoxins were
remarkably elevated in the rejection and FK506-L
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Figure 6 Phylogenetic tree analysis of sequences in the denaturing gradient gel electrophoresis profiles. Phylogenetic tree analysis of sequences from
denaturing gradient gel electrophoresis (DGGE) profiles using the neighbor-joining method was conducted using MEGA 5 software. Almost all matched bacteria of
the 48 DGGE band classes were assigned to three phyla: Bacteroidetes (50.0%), Firmicutes (39.6%), and Gammaproteobacteria (10.4%). The fragment sequences
were defined according to their positions in gels using the band-matching tool with BioNumerics software version 6.01 (Applied Maths). The numbers in the brackets
were consistent with the numbers shown in DGGE profiling. Nine band classes (labeled with a red dot) were decreased and four band classes (labeled with the green
square) were higher in the FK506-M group than the rejection group. The plot was obtained using MEGA5 software (http://en.wikipedia.org/wiki/MEGA,_Molecular_Evo
lutionary_Genetics_Analysis).

dosage groups, but the FK506-M dosage significantly
decreased endotoxin levels. To explore the causes of the
observed endotoxin changes, we analyzed gut microbial
alterations and identified the crucial bacteria involved.
Importantly, compared to the rejection and FK506-L
dosage groups, RT-qPCR results verified that FK506-M
treatment significantly increased Faecalibacterium
prausnitzii and Bifidobacterium spp. and decreased
the growth of the Bacteroides-Prevotella group and

WJG|www.wjgnet.com

Enterobacteriaceae, which are the main common gramnegative bacteria producing LPS. Thus, we speculated
that the optimal dosage of FK506 might lead to an
increase in probiotics and a decrease in the potential
pathogenic endotoxin-producing bacteria.
In patients following LT, blood concentrations of
immunosuppressant and its stability are important.
To mimic clinical application, FK506 was administered
via abdominal subcutaneous injection for 7 d and then
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Figure 7 Quantitative verification of predominant bacterial community in fecal microbiota using RT-qPCR. Gut dominant bacterial populations were analyzed
with RT-qPCR for the different groups. The dominant bacteria mainly included Faecalibacterium prausnitzii, Bifidobacterium spp., Bacteroides-Prevotella group,
Enterobacteriaceae, Clostridium clusters Ⅰ, Clostridium clusters XI, Enterococcus faecalis, Clostridium cluster XIVab, Lactobacillus. Statistical analysis was
performed with one-way ANOVA. aP < 0.05, bP < 0.01, cP < 0.001. 1Log10 copies/g: log10 No. of 16S rDNA gene copies per gram feces (wet weight).

via intragastric administration during the subsequent
8-28 d after LT. In patients, routine monitoring of blood
tacrolimus concentration (TC) was performed using
the PRO-TracTMⅡTacrolimus Elisa Kit (Diasorin, United
States), however, there is no kit for rat blood TC testing.
According to our experimental experience, it may be
due to immunological reasons, as the blood TC in rats
can not be tested by the above kit used for humans.
Fortunately, according to clinical practice of LT, different
dosages of FK506 are positively correlated to different
serum concentrations across a specific dosage range,
meanwhile, intragastric dosages of FK506 were more
feasible and easier to control the blood TC. In this
experiment, the over-low dosage of FK506 led to a
higher risk of rejection, whereas over-high dosage was
closely associated with a greater incidence of infection,
sepsis, and even increased mortality. Therefore,
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treatment with different dosages of FK506 instead of
relying on the examination of blood TC was feasible and
credible in rats after LT.
Gut microbiota alterations are closely associated
with liver function in health and disease due to liver[29]
gut circulation and the gut microbiota-liver axis .
Gut microbiota is involved in a variety of human
[30,31]
liver diseases, such as alcoholic liver disease
,
[32]
non-alcoholic fatty liver disease , non-alcoholic
[33]
[21]
steatohepatitis , hepatitis B infection , liver
[14,34]
[15,28,35]
cirrhosis
, and hepatocellular carcinoma
. Liver
diseases always reflect changes due to alterations in
[29]
intestinal permeability and gut microbial composition ,
while an imbalance in the gut microbiota in turn, has
been reported to be an important contributor to the
[36]
progression of liver disease or liver injury . Notably,
the improvement of hepatic injury might ameliorate gut
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decreased Bacteroides-Prevotella and Enterobacteriaceae by Phylogenetic tree
analysis and RT-PCR verification.

barrier function and promote gut microbial restorations
following LT, which might further benefit hepatic graft
[16,18]
by positive feedback of the “gut-liver axis”
. Thus,
the gut microbiota becomes an additional therapeutic
target to improve hepatic injury after LT. In the present
study, the optimal dosage of FK506 led to good hepatic
graft function, kept the gut barrier intact, and induced
a unique and stable gut microbiota, which further verify
the effects of the “gut microbiota-liver” axis.
In conclusion, an optimal dosage of FK506 induces
effective immunosuppression, normal graft function
and stable gut microbiota after LT in rats. A stable gut
microbiota resulted in increased probiotics, including
Faecalibacterium prausnitzii and Bifidobacterium
spp. and decreased potential pathogenic endotoxinproducing bacteria, such as the Bacteroides-Prevotella
group and Enterobacteriaceae. These findings provide
a novel strategy involving the use of the gut microbiota
for the assessment of the dosage of immunosuppressive
medications and its effects in recipients following LT.

Research conclusions

An optimal dosage of FK506 induces effective immunosuppression, normal
graft function and stable gut microbiota after LT in rat. A stable gut microbiota
resulted in increased probiotics and decreased potential pathogenic endotoxinproducing bacteria. These findings provide a novel strategy involving the use
of the gut microbiota for the assessment of the dosage of immunosuppressive
medications and their effects on recipients following LT.

Research perspectives

This study is the first to illustrate the effects of FK506 with different dosages
on gut microbiota following LT and indicates that an optimal dosage of FK506
induces effective immunosuppression, good graft function and stable gut
microbiota after LT in rats. Based on the relationship between gut microbiota
and immunosuppressive dosage in this study, we can not only illustrate precise
changes of gut microbiota given by FK-506 with different dosages following
LT, but we also provide a novel monitoring strategy based on changes in gut
microbiota for IS assessment in recipients following LT. With the improvement of
metagenomics and metabolomics techniques, the integrative study can further
reveal how the gut microbiota participates in the side effects of IS on recipients
and gut microbiota may be a target to reduce side effects of IS. In addition, in
order to further study the mechanism of the involvement of gut microbiota on
the side effects of IS on recipients, it is essential to do clinical research.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

REFERENCES

Liver transplantation (LT) is the only definitive therapy for end-stage liver
diseases. The optimal dosage of immunosuppressive medication is crucial
to prevent rejection, lessen the side effects of immunosuppressors (IS) and
treatment of patients following LT. The gut microbiota plays a crucial role in the
development of obesity, diabetes, liver diseases and so on. Nevertheless, the
influence of IS on gut microbiota following LT remains unclear, the association
between the dosage of IS and gut microbial alterations requires urgent
elucidation.

1
2
3

Research motivation

4

Acute rejection is still a leading cause of hepatic graft dysfunction following LT.
Each recipient of LT must take IS to prevent acute rejection, but the effect of IS
on gut microbiota remains unclear. Tacrolimus (FK506) is the main IS following
LT, so we studied the influence of different dosages of FK506 on gut microbiota
after LT in rat.

5

Research objectives

In this study, we studied the influence of different dosages of FK506 on hepatic
graft function and gut microbiota following LT in rats. Furthermore, we will
identify the precise changes of the gut microbiota given by different doses of
FK-506 and provide a new monitoring strategy for IS dosage assessment in
recipients after LT.

6

Research methods

7

We performed LT experiments in rats by taking different dosage of FK506 for
29 d, and on the 30th day after LT, all rats were sampled and then euthanized.
We studied the hepatic graft function using serum alanine aminotransferase
and aspartate aminotransferase examination and morphology change using
histopathology and transmission electron microscopy evaluation. We also
identified the gut microbial profile and crucial bacterial community constituents
using digital processing of denaturing gradient gel electrophoresis (DGGE), and
further verified the alterations of dominant gut bacterial populations with RT-PCR.

8

Research results

9

Compared to the FK506-H and FK506-L groups, FK506-M was optimal for
maintaining immunosuppression and induced normal graft function; the
FK506-M maintained the integrity of gut barrier and low plasma endotoxin
levels. Furthermore, FK506-M induced stable gut microbiota, increased species
richness and rare species abundance by DGGE and Cluster analysis. The
FK506-M increased Faecalibacterium prausnitzii and Bifidobacterium spp. and

WJG|www.wjgnet.com

10

3882

Hübscher SG. What is the long-term outcome of the liver
allograft? J Hepatol 2011; 55: 702-717 [PMID: 21426919 DOI:
10.1016/j.jhep.2011.03.005]
Sayegh MH, Carpenter CB. Transplantation 50 years later-progress, challenges, and promises. N Engl J Med 2004; 351:
2761-2766 [PMID: 15616214 DOI: 10.1056/NEJMon043418]
Wiesner RH, Menon KV. Late hepatic allograft dysfunction.
Liver Transpl 2001; 7: S60-S73 [PMID: 11689778 DOI: 10.1053/
jlts.2001.29094]
Hu J, Wang Z, Tan CJ, Liao BY, Zhang X, Xu M, Dai Z, Qiu SJ,
Huang XW, Sun J, Sun QM, He YF, Song K, Pan Q, Wu Y, Fan
J, Zhou J. Plasma microRNA, a potential biomarker for acute
rejection after liver transplantation. Transplantation 2013; 95:
991-999 [PMID: 23466638 DOI: 10.1097/TP.0b013e31828618d8]
Ravaioli M, Neri F, Lazzarotto T, Bertuzzo VR, Di Gioia P,
Stacchini G, Morelli MC, Ercolani G, Cescon M, Chiereghin
A, Del Gaudio M, Cucchetti A, Pinna AD. Immunosuppression
Modifications Based on an Immune Response Assay: Results of a
Randomized, Controlled Trial. Transplantation 2015; 99: 1625-1632
[PMID: 25757214 DOI: 10.1097/TP.0000000000000650]
Jiang JW, Ren ZG, Cui GY, Zhang Z, Xie HY, Zhou L. Chronic
bile duct hyperplasia is a chronic graft dysfunction following liver
transplantation. World J Gastroenterol 2012; 18: 1038-1047 [PMID:
22416178 DOI: 10.3748/wjg.v18.i10.1038]
Zhang W, Fung J. Limitations of current liver transplant
immunosuppressive regimens: renal considerations. Hepatobiliary
Pancreat Dis Int 2017; 16: 27-32 [PMID: 28119255 DOI: 10.1016/
S1499-3872(16)60167-4]
Humar A, Michaels M; AST ID Working Group on Infectious
Disease Monitoring. American Society of Transplantation
recommendations for screening, monitoring and reporting of
infectious complications in immunosuppression trials in recipients
of organ transplantation. Am J Transplant 2006; 6: 262-274 [PMID:
16426310 DOI: 10.1111/j.1600-6143.2005.01207.x]
Jia JJ, Lin BY, He JJ, Geng L, Kadel D, Wang L, Yu DD, Shen
T, Yang Z, Ye YF, Zhou L, Zheng SS. “Minimizing tacrolimus’’
strategy and long-term survival after liver transplantation. World
J Gastroenterol 2014; 20: 11363-11369 [PMID: 25170223 DOI:
10.3748/wjg.v20.i32.11363]
Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L,
Sargent M, Gill SR, Nelson KE, Relman DA. Diversity of the

September 14, 2018|Volume 24|Issue 34|

Jiang JW et al . Immunosuppressor and gut microbiota after transplantation

11

12
13

14

15

16

17

18

19

20

21

22

23

human intestinal microbial flora. Science 2005; 308: 1635-1638
[PMID: 15831718 DOI: 10.1126/science.1110591]
Nenci A, Becker C, Wullaert A, Gareus R, van Loo G, Danese S,
Huth M, Nikolaev A, Neufert C, Madison B, Gumucio D, Neurath
MF, Pasparakis M. Epithelial NEMO links innate immunity to
chronic intestinal inflammation. Nature 2007; 446: 557-561 [PMID:
17361131 DOI: 10.1038/nature05698]
Cani PD, Delzenne NM. The role of the gut microbiota in energy
metabolism and metabolic disease. Curr Pharm Des 2009; 15:
1546-1558 [PMID: 19442172 DOI: 10.2174/138161209788168164]
Shen F, Zheng RD, Sun XQ, Ding WJ, Wang XY, Fan JG. Gut
microbiota dysbiosis in patients with non-alcoholic fatty liver
disease. Hepatobiliary Pancreat Dis Int 2017; 16: 375-381 [PMID:
28823367 DOI: 10.1016/S1499-3872(17)60019-5]
Chen Y, Yang F, Lu H, Wang B, Chen Y, Lei D, Wang Y, Zhu B, Li
L. Characterization of fecal microbial communities in patients with
liver cirrhosis. Hepatology 2011; 54: 562-572 [PMID: 21574172
DOI: 10.1002/hep.24423]
Dapito DH, Mencin A, Gwak GY, Pradere JP, Jang MK,
Mederacke I, Caviglia JM, Khiabanian H, Adeyemi A, Bataller
R, Lefkowitch JH, Bower M, Friedman R, Sartor RB, Rabadan
R, Schwabe RF. Promotion of hepatocellular carcinoma by the
intestinal microbiota and TLR4. Cancer Cell 2012; 21: 504-516
[PMID: 22516259 DOI: 10.1016/j.ccr.2012.02.007]
Ren Z, Cui G, Lu H, Chen X, Jiang J, Liu H, He Y, Ding S, Hu Z,
Wang W, Zheng S. Liver ischemic preconditioning (IPC) improves
intestinal microbiota following liver transplantation in rats through
16s rDNA-based analysis of microbial structure shift. PLoS
One 2013; 8: e75950 [PMID: 24098410 DOI: 10.1371/journal.
pone.0075950]
Xie Y, Luo Z, Li Z, Deng M, Liu H, Zhu B, Ruan B, Li L. Structural
shifts of fecal microbial communities in rats with acute rejection
after liver transplantation. Microb Ecol 2012; 64: 546-554 [PMID:
22430504 DOI: 10.1007/s00248-012-0030-1]
Ren Z, Jiang J, Lu H, Chen X, He Y, Zhang H, Xie H, Wang
W, Zheng S, Zhou L. Intestinal microbial variation may
predict early acute rejection after liver transplantation in rats.
Transplantation 2014; 98: 844-852 [PMID: 25321166 DOI: 10.1097/
TP.0000000000000334]
Ren ZG, Liu H, Jiang JW, Jiang L, Chen H, Xie HY, Zhou L,
Zheng SS. Protective effect of probiotics on intestinal barrier
function in malnourished rats after liver transplantation.
Hepatobiliary Pancreat Dis Int 2011; 10: 489-496 [PMID:
21947722 DOI: 10.1016/S1499-3872(11)60083-0]
Ren Z, Chen X, Cui G, Yin S, Chen L, Jiang J, Hu Z, Xie H,
Zheng S, Zhou L. Nanosecond pulsed electric field inhibits cancer
growth followed by alteration in expressions of NF-κB and Wnt/
β-catenin signaling molecules. PLoS One 2013; 8: e74322 [PMID:
24069295 DOI: 10.1371/journal.pone.0074322]
Lu H, Wu Z, Xu W, Yang J, Chen Y, Li L. Intestinal microbiota
was assessed in cirrhotic patients with hepatitis B virus infection.
Intestinal microbiota of HBV cirrhotic patients. Microb Ecol 2011;
61: 693-703 [PMID: 21286703 DOI: 10.1007/s00248-010-9801-8]
Lamping N, Dettmer R, Schröder NW, Pfeil D, Hallatschek W,
Burger R, Schumann RR. LPS-binding protein protects mice from
septic shock caused by LPS or gram-negative bacteria. J Clin Invest
1998; 101: 2065-2071 [PMID: 9593762 DOI: 10.1172/JCI2338]
US Multicenter FK506 Liver Study Group. A comparison of
tacrolimus (FK 506) and cyclosporine for immunosuppression in

24

25
26

27

28
29
30

31

32

33

34

35

36

liver transplantation. N Engl J Med 1994; 331: 1110-1115 [PMID:
7523946 DOI: 10.1056/NEJM199410273311702]
Haddad EM, McAlister VC, Renouf E, Malthaner R, Kjaer MS,
Gluud LL. Cyclosporin versus tacrolimus for liver transplanted
patients. Cochrane Database Syst Rev 2006; : CD005161 [PMID:
17054241 DOI: 10.1002/14651858.CD005161]
Wiesner RH, Fung JJ. Present state of immunosuppressive therapy
in liver transplant recipients. Liver Transpl 2011; 17 Suppl 3:
S1-S9 [PMID: 21850697 DOI: 10.1002/lt.22410]
Geng L, Wang LD, Huang JJ, Shen T, Wang ZY, Lin BY, Ye YF,
Zheng SS. Lower tacrolimus trough levels in the late period after
living donor liver transplantation contribute to improvements in
long-term clinical outcomes. Hepatobiliary Pancreat Dis Int 2018;
17: 204-209 [PMID: 29807766 DOI: 10.1016/j.hbpd.2018.05.001]
Ren Z, Jiang J, Xie H, Li A, Lu H, Xu S, Zhou L, Zhang H, Cui
G, Chen X, Liu Y, Wu L, Qin N, Sun R, Wang W, Li L, Wang W,
Zheng S. Gut microbial profile analysis by MiSeq sequencing
of pancreatic carcinoma patients in China. Oncotarget 2017; 8:
95176-95191 [PMID: 29221120 DOI: 10.18632/oncotarget.18820]
Darnaud M, Faivre J, Moniaux N. Targeting gut flora to prevent
progression of hepatocellular carcinoma. J Hepatol 2013; 58:
385-387 [PMID: 22940407 DOI: 10.1016/j.jhep.2012.08.019]
Chassaing B, Etienne-Mesmin L, Gewirtz AT. Microbiota-liver
axis in hepatic disease. Hepatology 2014; 59: 328-339 [PMID:
23703735 DOI: 10.1002/hep.26494]
Yan AW, Fouts DE, Brandl J, Stärkel P, Torralba M, Schott E,
Tsukamoto H, Nelson KE, Brenner DA, Schnabl B. Enteric dysbiosis
associated with a mouse model of alcoholic liver disease. Hepatology
2011; 53: 96-105 [PMID: 21254165 DOI: 10.1002/hep.24018]
Hartmann P, Chen P, Wang HJ, Wang L, McCole DF, Brandl K,
Stärkel P, Belzer C, Hellerbrand C, Tsukamoto H, Ho SB, Schnabl
B. Deficiency of intestinal mucin-2 ameliorates experimental
alcoholic liver disease in mice. Hepatology 2013; 58: 108-119
[PMID: 23408358 DOI: 10.1002/hep.26321]
Le Roy T, Llopis M, Lepage P, Bruneau A, Rabot S, Bevilacqua
C, Martin P, Philippe C, Walker F, Bado A, Perlemuter G, CassardDoulcier AM, Gérard P. Intestinal microbiota determines development
of non-alcoholic fatty liver disease in mice. Gut 2013; 62: 1787-1794
[PMID: 23197411 DOI: 10.1136/gutjnl-2012-303816]
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]
Qin N, Yang F, Li A, Prifti E, Chen Y, Shao L, Guo J, Le Chatelier
E, Yao J, Wu L, Zhou J, Ni S, Liu L, Pons N, Batto JM, Kennedy
SP, Leonard P, Yuan C, Ding W, Chen Y, Hu X, Zheng B, Qian G,
Xu W, Ehrlich SD, Zheng S, Li L. Alterations of the human gut
microbiome in liver cirrhosis. Nature 2014; 513: 59-64 [PMID:
25079328 DOI: 10.1038/nature13568]
Zhang HL, Yu LX, Yang W, Tang L, Lin Y, Wu H, Zhai B, Tan
YX, Shan L, Liu Q, Chen HY, Dai RY, Qiu BJ, He YQ, Wang C,
Zheng LY, Li YQ, Wu FQ, Li Z, Yan HX, Wang HY. Profound
impact of gut homeostasis on chemically-induced pro-tumorigenic
inflammation and hepatocarcinogenesis in rats. J Hepatol 2012;
57: 803-812 [PMID: 22727732 DOI: 10.1016/j.jhep.2012.06.011]
Schnabl B, Brenner DA. Interactions between the intestinal
microbiome and liver diseases. Gastroenterology 2014; 146:
1513-1524 [PMID: 24440671 DOI: 10.1053/j.gastro.2014.01.020]
P- Reviewer: Cholongitas E, Venu RP S- Editor: Wang XJ
L- Editor: Filipodia E- Editor: Bian YN

WJG|www.wjgnet.com

3883

September 14, 2018|Volume 24|Issue 34|

World J Gastroenterol 2018 September 14; 24(34): 3884-3897

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i34.3884

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Formin-like 3 regulates RhoC/FAK pathway and actin
assembly to promote cell invasion in colorectal carcinoma
Yuan-Feng Zeng, Yi-Sheng Xiao, Yong Liu, Xiao-Jiang Luo, Li-Dan Wen, Qian Liu, Min Chen
Yuan-Feng Zeng, Yong Liu, Qian Liu, Min Chen, Department of
Pathology, Jiangxi Provincial People’s Hospital, Nanchang 330006,
Jiangxi Province, China

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/

Yi-Sheng Xiao, Teaching and Researching Section of Morphology,
College of Basic Medicine, Jiangxi University of Traditional Chinese
Medicine, Nanchang 330004, Jiangxi Province, China

Manuscript source: Unsolicited manuscript

Xiao-Jiang Luo, Department of General Surgery, Jiangxi Provincial
People’s Hospital, Nanchang 330006, Jiangxi Province, China

Correspondence to: Yuan-Feng Zeng, PhD, Chief Doctor,
Department of Pathology, Jiangxi Provincial People’s Hospital,
152 Patriotic Road, Donghu District, Nanchang 330006, Jiangxi
Province, China. zyf760928@163.com
Telephone: +86-791-86895672
Fax: +86-791-86895672

Li-Dan Wen, Clinical Medical Sciences Institute, Jiangxi Provincial
People’s Hospital, Nanchang 330006, Jiangxi Province, China
ORCID number: Yuan-Feng Zeng (0000-0003-4174-3575);
Yi-Sheng Xiao (0000-0002-9487-0175); Yong Liu (00000002-6162-6168); Xiao-Jiang Luo (0000-0002-4894-4575);
Li-Dan Wen (0000-0003-1531-1904); Qian Liu (0000-00031149-0650); Min Chen (0000-0002-5345-0991).

Received: May 5, 2018
Peer-review started: May 7, 2018
First decision: May 23, 2018
Revised: June 16, 2018
Accepted: June 27, 2018
Article in press: June 27, 2018
Published online: September 14, 2018

Author contributions: Zeng YF, Xiao YS, Liu Y, Luo XJ, Wen
LD, Liu Q and Chen M carried out the experiment; Zeng YF
conceived experiments and analyzed data; all authors were involved
in writing this paper and had final approval of the submitted and
published versions.

Abstract

Supported by the National Natural Science Foundation of China,
No. 81201972; the China Postdoctoral Science Foundation, No.
2013M531555; and the Postdoctoral Science Foundation of Jiangxi
province, No. 2013KY44.

AIM
To clarify the underlying mechanism of formin-like 3
(FMNL3) in the promotion of colorectal carcinoma (CRC)
cell invasion.

Institutional review board statement: The study was reviewed
and approved by ethical committee of Jiangxi Provincial People’
s Hospital.

METHODS
The in vitro biological function analyses of FMNL3 were
performed by gain- and loss-of function approaches.
Changes in the F-actin cytoskeleton were detected by the
technologies of phalloidin-TRITC labeling and confocal
microscopy. The signaling pathway mediated by FMNL3
was explored by western blot, gelatin zymograph assay,
co-immunoprecipitation (co-IP), immunofluorescence colocalization, and glutathione S-transferase (GST) pulldown assay.
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RESULTS
The in vitro experimental results showed that FMNL3 signif
icantly promoted the proliferation, invasion, and migration
of CRC cells (P < 0.05 and P < 0.01). Moreover, FMNL3
regulated the remodeling of actin-based protrusions
such as filopodia and lamellipodia in a RhoC-dependent
manner. The western blot and gelatin zymograph assay
results indicated that FMNL3 was involved in the RhoC/
focal adhesion kinase (FAK) pathway and acted as an
effector of RhoC to activate the downstream signaling
of p-FAK as well as p-MAPK and p-AKT. This resulted in
the increased expression of matrix metalloproteinase 2
(MMP2), matrix metalloproteinase 9 (MMP9) and vascular
endothelial growth factor (VEGF), and the subsequent
promotion of CRC cell invasion. The results of TAE226,
U0126 or Ly294002 treatment confirmed an essential
role of FMNL3 in activation of the RhoC/FAK pathway and
the subsequent promotion of CRC invasion. Co-IP, colocalization and GST pull-down assays showed the direct
interaction of FMNL3 with RhoC in vivo and in vitro .

stasis remains the major cause of mortality in patients
[1,2]
with CRC . Deregulated cell motility and invasion is a
[3]
key initial step in metastasis . Invasive cell migration
involves movement through tissues, dynamic interactions
with the extracellular matrix, rearrangements of cell[4]
to-cell contacts and the cytoskeleton . Further under
standing of the underlying regulatory mechanisms may
provide novel therapeutic regimes for reducing cancer
cell dissemination, blocking metastatic progression, and
prolonging life expectancy of patients with CRC.
Diaphanous-related formins (DRFs) are ubiquitously
expressed proteins and known to govern cell shape,
adhesion, and motility by remodeling the actin cyto
[5-8]
skeleton . The DRF protein contains a Rho-GTPase
binding domain (GBD) in the NH2-terminus. Upon
binding to a Rho-GTPase, the bound NH2-terminal
diaphanous inhibitory domain is dissociated from the
C-terminal diaphanous autoregulatory domain. This, in
turn, results in the release of inactive DRF autoinhibition,
and subsequently allows the formin homology 2 (FH2)
domain to function as the regulator of actin assembly.
Three members of the DRFs (DRF1-DRF3) were reported
to be associated with invadopodia formation and the
[9]
invasion of breast tumor cells . As the largest family
of Rho GTPase effectors, DRFs regulate cytoskeletal
remodeling and cancer cell invasion downstream of Rho
GTPase signaling. The DRF protein formin-like 2 (FMNL2)
drives actin-based protrusion and migration downstream
[10]
of CDC42 in melanoma cells , and drives the amoeboid
[3]
invasive cell motility downstream of RhoC . Positive
feedback between Dia1, LARG, and RhoA regulates
cancer cell morphology and invasion by affecting actin as
[11]
sembly .
Formin-like 3 (FMNL3), another novel member
[12]
of the DRF family, has been recently identified . Se
veral studies have demonstrated the role of FMNL3
in cytoskeletal remodeling and cell migration. FMNL3
participates in filopodia assembly, microtubule acetylation
[13-15]
and cell-cell adhesion
, as well as induces protein
N-myristoylation required for cellular morphological
[16]
changes . FMNL3 is also required for the polarized
trafficking of podocalyxin to the early apical surface in
vascular lumenogenesis, and is a crucial regulator of
[17,18]
angiogenesis
. Recent studies have demonstrated
upregulation of FMNL3 in cutaneous melanoma and
[19,20]
nasopharyngeal cancer
, as well as its promotion of
cancer cell invasion and migration in nasopharyngeal,
[20-22]
esophageal carcinoma and neuroblastoma
. Our
previous study also indicated that increased expression
of FMNL3 contributes to metastasis and poor prognosis
[23]
in patients with CRC . Although literature on FMNL3
expression and function in multiple tumors has been pre
sented, the underlying molecular mechanism of FMNL3promoting tumor progression and metastasis remains to
be elucidated.
Hence, in this study we investigate the effects of
FMNL3 on CRC cell proliferation, invasion and migration
in vitro using gain- and loss-of-function approaches. More
over, we reveal an essential role for FMNL3 in regulating

CONCLUSION
FMNL3 regulates the RhoC/FAK signaling pathway and
RhoC-dependent remodeling of actin-based protrusions to
promote CRC invasion.
Key words: Formin-like 3; Colorectal carcinoma; Invasion;
RhoC/FAK pathway; Actin assembly
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: formin-like 3 (FMNL3) belongs to the subfamily
of diaphanous-related formins, which govern the actindependent processes, including cell motility and invasion.
The increased expression of FMNL3 in colorectal car
cinoma (CRC) was shown to contribute to metastasis and
poor prognosis of patients in previous studies, however its
regulatory mechanism remains unclear. This work reveals
that FMNL3 plays a positive role in CRC cell proliferation,
invasion and migration. Moreover, FMNL3 activates the
RhoC/FAK signaling pathway, and also regulates RhoCdependent remodeling of actin-based protrusion, such as
filopodia and lamellipodia, to promote CRC cell invasion.
FMNL3 can be applied as a promising specific biomarker
for CRC progression and metastasis.
Zeng YF, Xiao YS, Liu Y, Luo XJ, Wen LD, Liu Q, Chen M.
Formin-like 3 regulates RhoC/FAK pathway and actin assembly
to promote cell invasion in colorectal carcinoma. World J
Gastroenterol 2018; 24(34): 3884-3897 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i34/3884.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i34.3884

INTRODUCTION
Colorectal carcinoma (CRC) is the third most common
diagnosis and second deadliest malignancy, and meta
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the RhoC/FAK pathway and actin assembly dynamics,
and the subsequent promotion of CRC invasion.

All four CRC cell lines (LOVO, SW620, SW480 and
HCT116) and the 293T cell line were purchased from Cell
Bank of Chinese Academy of Sciences (Shanghai, China).
The cell lines were cultured at 37 ℃ in a 50 mL/L CO2humidified atmosphere with the appropriate medium
according to the requirements of the Cell Bank. Anti(p-) Pyk2 (proline-rich tyrosine kinase 2), anti-(p-) FAK,
anti-(p-) MAPK (Mitogen activated protein kinase), anti(p-) AKT and anti-RhoC antibodies were purchased from
Cell Signaling Technology. Anti-flag, anti-VEGF (vascular
endothelial growth factor) and anti-FMNL3 antibodies
were obtained from Abbkine, Inc (Redlands, CA, United
States) and Abnova (Taiwan, China), respectively. For
inhibitor treatment, 1 μmol/L TAE226 (Selleck), 20 μmol/
L U0126 (Selleck) or 20 μmol/L Ly294002 (Selleck) was
added to the cultured cells for 48 h, respectively.

Inc (Guangzhou, China). The FMNL3 gene was amplified
by PCR and then inserted into the plasmid pcDNA3
(Invitrogen, Forster City, CA, United States). The primers
used were as follows: forward 5’-TCCGATTCATTCTTAC-3’,
reverse 5’-CCGCCTCAACTCTGCTATT-3’. The PCR
conditions were as follows: 95℃ for 3 min, followed
by 35 cycles of amplification (94 ℃ for 30 s, 55 ℃
for 40 s, 72℃ for 2 min). The fragment was inserted
into the pGC-FU-EGFP-3FLAG lentiviral vector. The
FMNL3 overexpression vector was transfected into
lentiviral packaging 293T cells. The culture supernatant
containing viral particles was harvested 48h after
transfection of 293T cells. The day before the infection
of viral particles, CRC cells were seeded into 24-well
4
12
plates using 1 × 10 cells/well. The next day, 2 × 10
TU/L of viral supernatant containing 5 μg/mL of polybrene
was added to the cells. After 72 h, 2.5 mg/L puromycin
(Sigma, United States) was added to the culture for
screening. On approximately day 14, puromycin-resistant
cell pools were established by selection. Following
amplification culture, real-time PCR and Western blot
were performed to validate the upregulation of FMNL3.

Construction of plasmids and transfection

MTT assay

MATERIALS AND METHODS
Cell lines and reagents

2
Cells were inoculated into 96-well plates (1 × 10 cells/
well) with 100 ul/well medium and cultured for 5 d. Every
24 h, MTT (20 μL, 5 mg/ml; Promega) was added to
the cells to incubate for 4 h until purple precipitates were
visible. Precipitates were then dissolved with 150 μL of
DMSO. The absorbance value of each well was measured
with a microplate reader set at 570 nm. The experiment
was repeated three times and the average value was
calculated.

Two groups of specific RNA interference sequences tar
geting the coding regions of FMNL3 and Pyk2 genes were
[24,25]
designed as in the previous study
. The ones were
separately cloned into the GV102 plasmid (Genechem
Biotechnology, Shanghai, China) to construct FMNL3silenced cell lines, named “FMNL3/shRNA1” and “FMNL3/
shRNA2”. A scrambled shRNA, which has no homology
with the mammalian mRNA sequences, was inserted
into the GV102 vector and served as the control. The
same method was used to construct the Pyk2-silenced
cell lines, named “Pyk2/shRNA1” and “Pyk2/shRNA2”.
To obtain an active mutant construct of RhoC-V14,
the wild-type coding region of RhoC was amplified by
polymerase chain reaction (PCR) and inserted into the
expression plasmid pGEX-4T-1. The mutant construct
was then generated with the KOD-Plus-Mutagenesis
Kit (TOYOBO, Japan). The primers were designed as
follows: 5’-GCTGCAATCCGAAAGAAGCTGGTGA-3’ or
5’ –TCAGAGAATGGGACAGCCCCTCCGA-3’. DNA was
purified with a Mini plasmid Purification Kit (Qiagen,
Japan) and digested with suitable restriction enzymes.
DNA fragments were electrophoresed on 1% agarose to
verify the insertion of sequences. Cells were plated into
6
6-well plates using 1 × 10 cells/well to grow overnight
to 90% confluence, and transiently transfected with 3 μg
™
of plasmid using 2 μl Lipofectamine 2000 (Invitrogen,
United States) according to the instructions. Cells were
incubated for 48 h until they were ready for further as
says.

In vitro invasive assay

The in vitro invasive ability was tested by Boyden cham
ber assay. The invasion chamber was equipped with
8 μm pores in polyethylene terephthalate membrane
coated with matrigel (BD Biosciences, Foster City, CA,
5
United States). First, 1.5 × 10 tumor cells in serum-free
RPMI 1640 medium were added to the upper chamber,
and the RPMI 1640 with 10% fetal bovine serum was
added to the lower chamber as the chemotactic factor.
Each cell group was plated in three replicate wells. After
incubation for 24 h, the noninvasive cells were gently
removed with a cotton swab. Cells that invaded the
membrane were fixed with methanol and stained with
Giemsa. The number of invaded cells was counted under
a light microscope in five random visual fields. The experi
ment was repeated three times and the average value
was calculated.

In vitro scratch assay

The in vitro scratch assay is an easy, low-cost and
well-developed method to measure cell migration
[26]
in vitro . Cells were seeded into a 24-well plate.
When the cells were cultured to confluence, the cell
monolayer was scraped in the form of a cross with a

Establishment of cell lines stably expressing FMNL3

Commercialization of the viral particles that express
the coding region of the FMNL3 gene, fused EGFP and
three flag genes were purchased from GeneCopoeia,
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plastic pipette tip. Then the three “wound” areas were
marked for orientation and photographed by a phasecontrast microscope both immediately and after 24 h of
incubation. The experiment was repeated three times.

formaldehyde, permeabilized with 0.1% Triton X-100
in PBS, and blocked with 1% BSA in PBS for 30 min,
followed by incubation overnight at 4 ℃ with both
anti-flag and anti-RhoC antibodies. The cells were
washed three times with PBS for 5 min, incubated with
™
DyLight 488 conjugated Goat anti-Mouse IgG along
™
with DyLight 549 conjugated Goat anti-Rabbit IgG
for 30 min, and then nuclear stained with 1 mg/L 4,
6-diamidino-2-phenylindole (DAPI, Roche, Germany).
The fluorescence images were acquired with an
Olympus FV1000 confocal microscope (Olympus,
Japan) using a 100 × oil immersion objective.

F-actin staining and observation

Cells were seeded into 14 mm Confocal Petri dishes and
cultured for 24 h. The cells were then fixed with 40 g/L
formaldehyde for 30 min, permeabilized by 0.1% Triton
X-100 for 10 min, and then blocked with 1% BSA for 30
min, followed by incubation with 5 μg/ml rhodamineconjugated phalloidin (Sigma, United States) for 1 h.
After counter-staining with DAPI, F-actin images were
acquired with an Olympus FV1000 confocal microscope
(Olympus, Japan) using a 100 × oil immersion objective.
The length of filopodia and the cells with broad
[18,24]
lamellipodia were quantified as in the previous study
.
The experiment was repeated three times and the
average value was calculated.

Co-immunoprecipitation assay

Cell lysates from the stably-expressing FMNL3-3 flag
cells were prepared in lysis buffer (FNN0021, Life
technologies). Dynabeads-Ab compound was prepared
with rotation overnight at 4 ℃ (Dynabeads Protein G:
10004D, Life technologies; anti-flag antibody: Abbkine,
Inc. Redlands, CA, United States; anti-RhoC antibody:
Cell Signaling Technology). Dynabeads-mouse IgG
(M30016, Ab-mart) was used as control. Then the coincubated Dynabeads-Ab with cell lysates (adjusted the
total protein concentration to 1 g/L before co-incubation,
added 500 μL) was used to form Dynabeads-Ab-Ag
compound. After this, 30 μL of 1 × SDS-PAGE loading
buffer was added to the Dynabeads-Ab-Ag compound,
and then boiled for western blot detection.

Western blot assay

Cells were washed twice with cold phosphate-buf
fered saline (PBS) and lysed using ice Lysis buffer
containing 0.1% protease inhibitors and 0.5% phenyl
methanesulfonyl fluoride (Keygen, China). The proteins
in the cells were quantified using the bicinchoninic acid
method. Fifty micrograms of proteins were loaded onto
10% sodium dodecyl-polyacrylamide gel electrophoresis
(SDS-PAGE). The proteins were then electro-transferred
onto PVDF membranes (Millipore) and blocked in 5%
nonfat dry milk in tris-buffered saline. Membranes
were immunoblotted overnight at 4 ℃ with anti-FMNL3
antibody (Abnova), anti-RhoC, anti-Pyk2 (or -p-Pyk2),
anti-MAPK (or -p-MAPK), anti-AKT (or -p-AKT) (Cell
signaling technology), anti-VEGF or anti-GAPDH antibody
(Abbkine), respectively, and followed by respective horse
radish peroxidase-conjugated secondary antibodies
(Abbkine). Signals were detected by BeyoECL Plus (Beyo
time Biotechnology, China).

GST pull-down assay

The recombinant pGEX-4T-1-RhoC-V14 plasmids were
transformed into colibacillus BL21 (DE3) and induced for
expression by IPTG. SDS-PAGE was used for detection
and analysis. Glutathione-Sepharose 4B (GE Hearthcare,
Little Chalfont, United Kingdom) affinity chromatography
was performed to purify GST-RhoC-V14 or GST protein
according to the manufacturer’s instructions. The purified
proteins were then incubated with 293T cell lysates for
2 h at 4 ℃ (293T cells were transfected with the FMNL3EGFP-3FLAG fusion gene). The Glutathione-Sepharose
4B beads were then washed with ice-cold PBS, and then
bound proteins were eluted and subjected to both electro
phoresis and detection with the indicated antibodies.

Gelatin zymograph assay

Cells were seeded into 6-well plates and incubated
in serum-free medium for 48 h. The cell supernatant
was then collected, and the protein concentration was
quantified. The cell supernatant was mixed with 5 ×
SDS loading buffer followed by electrophoresis on 10%
SDS-PAGE containing 0.1% gelatin at 4 ℃. The gel was
washed with the eluent (containing 2.5% Triton X-100,
50 mmol/L Tris-HCl, 5 mmol/L CaCl2, pH 7.6) for 80 min
and rinsed (50 mmol/L Tris-HCl, 5 mmol/L CaCl2, pH7.6)
for 40 min. The cells were then incubated in the reaction
buffer (50 mmol/L Tris-HCl, 5 mmol/L CaCl2, 0.02%
Brij-35, pH 7.6) at 37 ℃ for 42 h, stained with 0.05%
coomassie brilliant blue for 3 h, and then destained with
buffer containing 30% methanol and 10% acetic acid for
2 h. The image of each band was finally photographed.

Statistical analysis

In vitro studies and the quantity of filopodia and lamel
lipodia were tested using One-Way ANOVAs or t-tests.
SPSS Statistics 17.0.1 software (SPSS, Chicago, IL,
United States) was used for all statistical analyses. P
< 0.05 was considered as statistically significant dif
ferences.

RESULTS
FMNL3 promotes CRC cell proliferation, invasion and
migration in vitro

Our previous study showed lower expression of FMNL3
in low metastatic potential cell lines (HCT116, HT29,
LS174T and SW480) than in high metastatic potential

Immunofluorescence co-localization assay

For fluorescence staining, cells were fixed with 40 g/L
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Figure 1 Forced expression of FMNL3 promotes colorectal carcinoma cell proliferation, invasion, and migration in vitro. A and B: Identification of FMNL3
expression in FMNL3-overexpressing cells by real-time quantitative PCR and western blot. C: Effects of FMNL3 overexpression on cell proliferation by MTT assay. D:
Effects of FMNL3 overexpression on invasive abilities by Boyden chamber assay. Morphological comparison of cell penetration into the artificial basement membrane
is shown. E: Effects of FMNL3 overexpression on migratory abilities by scratch assay in vitro. Scale bars represent 50 μm (cell invasion assay) or 100 μm (cell
migration assay), respectively. aP < 0.001, bP < 0.01 and cP < 0.05 vs NC or mock group. Error bars indicate mean ± SD.
[23]

FMNL3 promotes CRC cell proliferation, invasion and
migration in vitro.

cell lines (LOVO and SW620) . Hence, we chose LOVO
and SW620 to construct stable FMNL3-knockdown cell
lines, as well as HCT116 and SW480 for stable FMNL3overexpressing cell lines (Figure 1 and supplementary
Figure 1A and B). Then, a series of in vitro assays were
performed to detect the effect of FMNL3 expression or
silencing on CRC cell proliferation, invasion and migration.
MTT assays showed that forced expression of FMNL3
caused a significant increase in the proliferation rate of
SW480 and HCT116 cells (Figure 1C). Overexpression
of FMNL3 also markedly enhanced CRC cell invasion
(Figure 1D) and migration (Figure 1E) by the Boyden
chamber assay and scratch assays in vitro, respectively.
In contrast, FMNL3-depletion showed the opposite ef
fects (supplementary Figure 1). These data suggest that
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FMNL3 regulates the assembly of actin-based
protrusions

Next, we observed the effects of FMNL3 overexpression
or silencing on the actin cytoskeleton within filopodia and
lamellipodia in CRC cells by analysing the rhodaminephalloidin staining of F-actin. We found that the filo
podia were remarkably more abundant and longer,
however the lamellipodia were more narrow in FMNL3overexpressing cells compared with mock cells (Figure
2A and B). On the contrary, the filopodia were fewer
and shorter but the lamellipodia were wider in FMNL3depleted cells compared with scrambled cells (Figure
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of FMNL3 significantly caused up-regulation of MMP-2,
MMP-9 and VEGF (Figure 3A), and vice versa when
FMNL3 was suppressed (Figure 3B). Therefore, our
results showed that the invasive phenotypes induced
by FMNL3 in CRC cells were partly due to the improved
expression of MMP-2, MMP-9 and VEGF.
The levels of MMP-2 and MMP-9 were regulated by
[29,30]
phosphorylated MAPK and AKT
, which were acti
[31-33]
vated by RhoC
or in sequence activated by FAK,
[25]
Pyk2 and RhoC . Moreover, the expression of VEGF and
[28]
MMP-9 were inhibited by the down-regulation of RhoC .
More importantly, FMNL3 acts as a downstream effector
[24]
of RhoC . We thus speculated that FMNL3 participates
in a RhoC-dependent signaling pathway. To validate this
speculation, the expression of p-MAPK, p-AKT, p-FAK,
p-Pyk2 and RhoC in CRC cells was measured by western

2C). These results were consistent with the findings
[13,18,24]
from other cells in previous studies
, and indicated
that FMNL3 plays an important role in regulating the
assembly of actin-based protrusions.

FMNL3 plays an essential role in the RhoC/FAK pathway
to promote CRC cell invasion

To further gain insight into the signaling pathways by
which FMNL3 promotes invasive phenotypes, we pre
pared cell lysates from FMNL3-overexpressing cells,
FMNL3-depleted cells and the corresponding control
cells. As the invasive and metastatic abilities of tumor
cells were often correlated with the product of matrix
[27,28]
metalloproteinases (MMPs) and VEGF
, we measured
the expression of these proteins by gelatin zymograph
assay and western blot, respectively. Forced expression
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Figure 3 Formin-like 3 regulates the RhoC/FAK signaling pathway to promote colorectal carcinoma invasion. A and B: Analysis of VEGF, MMP-2 and MMP-9
expression in FMNL3-overexpressing or -depleted colorectal carcinoma cells by western blot and gelatin zymography experiments, respectively. C and D: Analysis of
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blot. As shown in Figure 3C, the overexpression of
FMNL3 strongly increased the expression of p-MAPK,
p-AKT, p-FAK, while FMNL3 silencing generated opposite
results (Figure 3D). There were no significant differences
in the total amounts of these proteins (Figure 3C and
D). However, neither overexpression nor depletion of
FMNL3 led to any changes in the expressions of p-Pyk2
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and RhoC. These results suggested that FMNL3 may play
an essential role in the RhoC signaling pathway, and act
downstream of RhoC and p-pyk2 as well as upstream
of p-FAK, p-MAPK and p-AKT. However, the inhibition of
Pyk2 did not affect the expression of FMNL3, although
it resulted in the downregulation of p-FAK, p-MAPK and
p-AKT as expected (Figure 3E). This suggested that
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[23]

FMNL3 may not work downstream of p-Pyk2, but only
downstream of RhoC. Indeed, when FMNL3/shRNA1 and
RhoC genes were transfected simultaneously into SW480
and HCT116 cells, the RhoC-dependent upregulations
of MMPs and VEGF were partly blocked by FMNL3
silencing (Figure 4A). These results confirmed the notion
that FMNL3 acts as a downstream effector of RhoC.
Thus, FMNL3 may act downstream of RhoC (but not
downstream of RhoC and p-Pyk2) and upstream of p-FAK,
p-MAPK and p-AKT.
We also investigated the effects of the co-transfection
of FMNL3/shRNA1 and RhoC genes on the actin cyto
skeleton and invasive abilities of CRC cells. We found
that the RhoC-dependent restriction of lamellipodial
broadening, promotion of filopodia elongation and en
hancement of cell invasion were partly inhibited by
FMNL3 depletion (Figure 4B and C). These results sug
gested that FMNL3 regulates the assembly of actin-based
protrusions and cell invasion of CRC in a RhoC-dependent
manner.
To further validate the above data, we treated
FMNL3-overexpressing cells with TAE226 (a FAK-specific
inhibitor), U0126 (a MAPK/ERK-specific inhibitor) or
Ly294002 (a PI3K/AKT-specific inhibitor) separately. Then
the expressions of MMP2, MMP-9 and VEGF, as well as
the difference of cell invasive ability, were measured using
the same methods as above. We found that inhibition of
FAK, MAPK/ERK or PI3K/AKT indeed significantly blocked
the effects of FMNL3-induced increases in these three
proteins and invasion in CRC cells (Figure 5). These
results strongly confirmed the essential role of FMNL3 in
the RhoC/FAK signaling pathway.
Taken together, FMNL3 regulates the RhoC/FAK
signaling pathway and RhoC-dependent remodeling of
actin-based protrusions to promote CRC invasion.

in patients with CRC . However, the underlying mole
cular mechanism remains unclear. In this study, we
explored the possible signaling pathway responsible for
CRC cell invasion and migration induced by FMNL3. We
first determined the biological effects of FMNL3 on CRC
cells in vitro. Our results showed the positive roles of
FMNL3 in CRC cell proliferation, migration and invasion
in vitro, which were inconsistent with the promotion of
FMNL3 in tumor growth and metastasis in vivo found in
[23]
our previous study . Recent studies have also reported
the relevant function of FMNL3 in tumor cell growth
[34]
and proliferation . Other DRF members were also
involved in cell proliferation and division through cell cycle
[35]
regulation
or microtubule stabilization in a cell type[36]
selective manner . Moreover, FMNL3 has been shown
to promote cell invasion, migration and metastasis in
[19-22]
various cell types
, confirming our previous and pre
[23]
sent study results both in vivo and in vitro .
Previous studies have reported that the reorganization
of the actin cytoskeleton is responsible for enhanced
cell motility that is necessary for cancer cell invasion
[4]
and metastasis . As a Rho-GTPase-binding protein,
DRF possesses conserved function in actin cytoskeletal
dynamics exerted through the formin homology 2 (FH2)
[37]
domain . DRF contains a NH2-terminal GBD domain,
where upon binding to a Rho-GTPase, the bound NH2terminal diaphanous inhibitory domain dissociates from
the COOH-terminal diaphanous autoregulatory domain.
This, in turn, results in the release of inactive DRF auto
inhibition and subsequently allows the FH2 domain to
[37]
function as a direct regulator of actin polymerization .
DRFs are major actin filament nucleators, which can
bundle linear actin filaments and generate membrane
[38,39]
protrusions such as filopodia and lamellipodia
. Here,
we found that FMNL3 overexpression promotes the
elongation of filopodia and restricts the broadening of
lamellipodia. Some researchers have also reported the
[13,22,24]
assembly of filopodia and lamellipodia by FMNL3
and verified the structure of the FMNL3 FH2/actin
[40]
complex-mediated actin nucleation and elongation .
Evidence has shown that DRFs regulate the assembly
of actin-related structures and cancer cell invasion down
[9-11,41]
stream of Rho GTPases
. Rho family GTPases,
including RhoA, RhoB, RhoC, Rac and Cdc42, are key
regulators of actin cytoskeletal dynamics associated with
cell motility and invasion, and their expression and acti
[42,43]
vation generally increase with tumor progression
.
RhoC is the best-characterized Rho GTPase among
them, and its overexpression has recently been shown
to be closely linked with highly invasive and metastatic
[44]
forms of many human cancers . Recent studies have
also reported that RhoC promotes polarized migration
through FMNL3 by restricting the lamellipodia broadening
[24]
in prostate cancer . Our results also showed that
FMNL3 could regulate the actin-based protrusions of
filopodia and lamelipodia in a RhoC-dependent manner
to accelerate CRC cell invasion. These results were con
sistent with the findings of the Higgs HN and Ridley AJ
groups regarding the roles of FMNL3 in the regulation of

FMNL3 interacts directly with RhoC

Finally, we explored the partner of FMNL3 in the RhoC/
FAK signaling pathway. Since FMNL3 belongs to the
DRF subfamily and contains a GBD domain in the NH2terminus, it provides the structural basis for the activation
by Rho-GTPases via direct binding. The possibility of
the interaction between FMNL3 and RhoC was therein
tested by co-immunoprecipitation, immunofluorescencebased confocal microscopy and GST-pull down assays.
Indeed, we found that FMNL3 and RhoC co-localized
in the cytoplasm (Figure 6A), and immunoprecipitated
with each other by one or the other antibody (Figure
6B). The results of GST pull-down assays confirmed the
direct binding of FMNL3 to RhoC in vitro (Figure 6C).
These results demonstrated that FMNL3 interacts directly
with RhoC in vivo and in vitro, which were in accordance
with the findings of the Vega FM group regarding the
[24]
interaction between FMNL3 and RhoC in vitro .

DISCUSSION
We have shown in previous studies that increased FMNL3
expression contributes to metastasis and poor prognosis
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filopodia and lamellipodia that contribute to the enhanced
[13,18,24]
migratory and invasive potential in other cell types
.
The molecular mechanism by which FMNL3 promotes
tumor progression and metastasis is a fascinating sub
ject. Evidence has shown that RhoC is closely related
to the high invasion and metastasis of various types
[44]
of human cancers . RhoC induces tumor cell motility
and invasion via MAPK- and PI3K/AKT-dependent path
[25,31-33]
ways
. However, whether FMNL3 regulates the
RhoC-dependent signaling pathway to promote CRC cell
invasion and migration needs further investigation.
MMP-2, MMP-9 and VEGF are important effectors of
[25,28,45]
the RhoC-dependent pathway
. Moreover, MMP-2
and MMP-9 are the two key proteases for tumor meta
[27]
stasis . VEGF is one of the important angiogenetic
[46]
factors required for tumor angiogenesis . Our results
provide evidence for the role of FMNL3 in activation of
the two proteases and VEGF in CRC cells, suggesting
a possible role of FMNL3 in RhoC-dependent pathway

WJG|www.wjgnet.com

activation during CRC cell invasion.
Both MMP-2 and MMP-9 were shown to be activated
[29,30]
by phosphorylated MAPK and AKT
. In addition,
MAPK and AKT signaling pathways were activated by
[31-33]
[25]
RhoC
or in sequence by FAK, Pyk2 and RhoC .
Moreover, RhoC expression levels are correlated
[28]
with the expressions levels of VEGF and MMP9 .
In addition, p-FAK regulates VEGFR2 transcription
[47]
in angiogenesis . Our study shows that FMNL3
induced the phosphorylation of FAK and subsequent
phosphorylation of MAPK and AKT, resulting in the
upregulation of MMP-2, MMP-9 and VEGF, and the
subsequent promotion of enhanced CRC cell invasion.
FAK is a protein tyrosine kinase that was first identified
within the extracellular matrix and at integrin receptor
cell adhesion sites, and is a key regulator of cell
[48]
movement . Resent studies showed increased
expression of p-FAK in the nuclei of cells in laryngeal
cancer and four digestive cancers, including colorectal
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[49,50]

of p-FAK is also associated with poor prognosis in
[52]
colorectal cancer . In this study, we found that the
phosphorylation of FAK (triggered by RhoC/FMNL3
signaling) induced the activation of MAPK and AKT

cancer
. Nuclear FAK promotes cell proliferation
[51]
and survival through enhanced P53 degradation ,
suggesting an association between p-FAK and abnormal
cell proliferation. In addition, nuclear expression
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Research objectives

and the subsequent upregulation of MMPs and VEGF,
and contributed to the invasive potential of CRC cells.
Of course, it may also be correlated with the nuclear
location of p-FAK, which is triggered by RhoC/FMNL3
signaling. Other studies also presented the correlation
of DRF members with MAPK, AKT and/or FAK, as well
[3,10,53,54]
as Rho signaling
. The DRF FMNL2 enhanced
CRC cell invasion via the MAPK/ERK and PI3K/AKT path
[53]
ways , and regulated the invasive cell motility and
[3,10]
migration downstream of RhoC and Cdc42
. Another
DRF member, mDia1, acts downstream of RhoA and
upstream of MAPK, ERK and FAK to induce intestinal
[54]
epithelial cell migration .
Finally, we uncovered RhoC as the partner of FMNL3
in the RhoC/FAK signaling pathway by co-IPs, immuno
fluorescence co-localization experiments and GST pulldown assays. This finding was also supported by the
structural basis of the GBD domain in the N-terminus
of FMNL3, and has also been verified by the GST pull[24]
down assay from the Ridley AJ group . However, other
groups reported the interaction of FMNL3 with Cdc42
or RhoJ, and proposed that FMNL3 is a downstream
effector of Cdc42 or RhoJ to promote the filopodial
[17,55]
outgrowth during endothelial lumen formation
.
Unfortunately, there was a limitation to our present
study, as there may be cross-talk between RhoC and
other small GTPase-binding proteins such as Cdc42 and
RhoJ during FMNL3-dependent CRC cell invasion. This
thus needs further investigation.
In conclusion, FMNL3 plays a positive role in CRC
cell proliferation, invasion and migration. In addition,
FMNL3 activates the RhoC/FAK signaling pathway via its
interaction with RhoC, and regulates RhoC-dependent
remodeling of actin-based protrusions, such as filopodia
and lamellipodia, to promote CRC cell invasion. FMNL3
can be applied as a promising specific biomarker for
CRC progression and metastasis.

In this study, we investigate the effects of FMNL3 on CRC cell proliferation,
invasion and migration in vitro by gain- and loss-of –function approaches.
Moreover, we explore the role of FMNL3 in the RhoC-dependent signaling
pathway and actin assembly dynamics, and the relation with CRC cell invasion.
Our study provides significant insights into the signaling mechanism of FMNL3
during CRC invasion that may contribute to the future design of more effective
metastasis-related therapies.

Research methods

Experiments using gene transfection or silencing were conducted to construct
FMNL3 stably-expressed or –depleted cell lines to complete the following
functional studies. A series of in vitro experiments, such as MTT, transwell
chamber and scratch assays, were performed to explore the effects of FMNL3
on cell proliferation, invasion and migration. Rhodamine-conjugated phalloidin
staining and confocal microscopy was used to display and observe F-actin
dependent protrusions, such as filopodia and lamellipodia. Western blots and
gelatin zymography assays were carried out to explore how the signaling
pathway of FMNL3 is involved in CRC invasion. The key inhibitors of the RhoC/
FAK pathway were used to treat CRC cells to verify the reliability of the signaling
mechanism. In addition, the experiments involving immunofluorescence colocalization, co-immunoprecipitation and GST-pull downs were performed to
unveil the partner of FMNL3 in the signaling pathway.

Research results

The results of in vitro experiments showed a positive role of FMNL3 in cell
proliferation, invasion and migration of CRC. Rhodamine-conjugated phalloidin
staining and confocal microscopy-based observations demonstrated that
FMNL3 induced the elongation of filopodia, but inhibited the broadening of
lamellipodia in a RhoC-dependent manner to enhance the invasive abilities
of CRC cells. In addition, the results of western blots and gelatin zymography
assays suggested that FMNL3 was involved in the RhoC/FAK signaling pathway
and acted as an effector of RhoC to activate the downstream signaling of p-FAK
as well as p-MAPK and p-AKT. This was followed by the increased expression
of MMP-2, MMP-9 and VEGF, resulting in the promotion of CRC cell invasion.
The results of inhibitor treatments confirmed the essential role of FMNL3 in the
activation of the RhoC/FAK pathway and the subsequent promotion of CRC
cell invasion. A direct interaction of FMNL3 with RhoC in vivo and in vitro was
displayed by co-IP, co-localization and GST-pull down analyses.

Research conclusions

In conclusion, FMNL3 plays a positive role in CRC cell proliferation, invasion
and migration. In addition, FMNL3 activates the RhoC/FAK signaling pathway
via its interaction with RhoC. FMNL3 also regulates RhoC-dependent
remodeling of actin-based protrusions, such as filopodia and lamellipodia, to
promote CRC cell invasion. FMNL3 can be applied as a promising specific
biomarker for CRC progression and metastasis.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

formin-like 3 (FMNL3) is a novel member of the diaphanous-related formins
subfamily, which act as downstream effectors of Rho-GTPase signaling
and regulate actin-dependent processes, such as cell motility and invasion.
Increased expression of FMNL3 has been identified to contribute to metastasis
and the poor prognosis of colorectal carcinoma (CRC). However, the exact
molecular mechanism by which FMNL3 promotes CRC cell invasion and
metastasis remains ambiguous. Therefore, elucidation of the underlying
mechanism may help to block the metastatic progression and improve the
survival rate of patients with CRC.

Research perspectives

Our study illuminates the role and molecular mechanism of FMNL3 in the
regulation of CRC invasion, and revealed RhoC’s involvement in the RhoC/
FAK signaling pathway as the partner of FMNL3. Other groups reported the
interaction of FMNL3 with Cdc42 or RhoJ, and proposed that FMNL3 acted as
a downstream effector of Cdc42 or RhoJ to promote the filopodia outgrowth
during endothelial lumen formation. There may be cross-talk between RhoC
and other small GTPase proteins, such as Cdc42 and RhoJ, to coordinate
the regulation of FMNL3-dependent CRC cell invasion. This, however, needs
further investigation.

Research motivation

It is necessary to explore whether FMNL3 regulates Rho GTPase signaling
to affect cytoskeletal organization and subsequent CRC cell invasion. Recent
studies have demonstrated FMNL3 in reorganization of actin-dependent
protrusions, such as filopodia and lamellipodia. The potential role of FMNL3
in tumor cell invasion and metastasis has also been reported in several tumor
types. Moreover, FMNL3 acts as a downstream effector of RhoC to promote
prostate cancer invasion by controlling lamellipodia. These findings give us
a good lead for further study regarding the mechanism of FMNL3 regulation
during CRC cell invasion and metastasis.
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Abstract

Lin JX, Xie XS, Weng XF, Zheng CH, Xie JW, Wang JB, Lu
J, Chen QY, Cao LL, Lin M, Tu RH, Li P, Huang CM. Low
expression of CDK5RAP3 and DDRGK1 indicates a poor
prognosis in patients with gastric cancer. World J Gastroenterol
2018; 24(34): 3898-3907 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i34/3898.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i34.3898

AIM
To investigate the effects of different levels of
expression of CDK5RAP3 and DDRGK1 on long-term
survival of patients undergoing radical gastrectomy.
METHODS
The expression of CDK5RAP3 and DDRGK1 was
detected by immunohistochemistry in 135 patients
who received standard gastrectomy were enrolled in
the study. Western Blot was used to detect the expre
ssion of CDK5RAP3 and DDRGK1 in gastric cancer and
its adjacent tissues and cell lines. The correlations
between the expression of CDK5RAP3 and DDRGK1 and
clinicopathological factors were analyzed, and the value
of each parameter to the prognosis of the patients was
compared. Receiver operating characteristic analysis
was used to compare the accuracy of the prediction of
clinical outcome by the parameters.

INTRODUCTION
Although the morbidity and mortality of primary gastric
cancer has declined in recent decades, it is still the
third most common cause of cancer-related deaths
[1-3]
worldwide . At present, the etiology and pathogenesis
of gastric cancer has not yet been fully clarified. There
is also a lack of specific and highly effective therapeutic
drugs available for use in clinical practice. The symptom
specificity of early gastric cancer is not obvious, so most
patients are already in advanced stages before receiving
medical treatment, which seriously affects the prognosis
of patients. Therefore, searching for molecular markers
that can be used as an independent prognostic factor
for gastric cancer is of great significance for the early
diagnosis and targeted treatment of gastric cancer.
The cyclin-dependent kinase 5 activating binding
protein (CDK5RAP3, also called C53) was first identified
as a binding protein of the cyclin-dependent kinase 5
[4]
(CDK5) activators P35 and P39 . In recent years, an
increasing number of studies have been conducted on
the role of CDK5RAP3 in tumors, but its expression and
role in different tumors has been found to be different.
[5]
An et al reported that CDK5RAP3 inhibited the
phosphorylation and activation of p38 by promoting the
binding of p38 and p53-induced protein phosphatase
[6]
1 to inhibit tumor proliferation. However, Stav et al
found that the expression of CDK5RAP3 in most cancer
tissues was increased, which is of great significance
in the diagnosis of lung cancer. The expression and
function of CDK5RAP3 are also controversial in the same
[7]
types of tumors. Mak et al found that CDK5RAP3
was highly expressed in hepatocellular cancer and
that it could promote the metastasis of hepatoma
cancer cell by activating p21-activated protease 4 and
down-regulating the expression of tumor suppressor
[8]
gene p14. However, Zhao et al showed that the
expression of CDK5RAP3 protein was down-regulated
in hepatocellular cancer and that down-regulation of
CDK5RAP3 expression was associated with a poor
prognosis.
Recent studies have shown that DDRGK1 interacts
[9]
with CDK5RAP3 . DDRGK1 was cloned from human
[10]
liver in 2010 by Lemaire et al .DDRGK1 is located on
the short arm of chromosome 20 (20p13), also known
as UFBP1, C20orf116, or dJ1187M17. The DDRGK1
sequence is highly conserved and exists in many tissues
and organs. Its N-terminal 1-28 amino acid residue
region is highly hydrophobic and is an endoplasmic
reticulum anchor sequence; 65-69 amino acid residues

RESULTS
CDK5RAP3 and DDRGK1 expression was downregulated in the gastric cancer compared to its res
pective adjacent non-tumor tissues. The expression
of CDK5RAP3 was closely related to the age of the
patients (P = 0.035) and the T stage of the tumor (P
= 0.017). The expression of DDRGK1 was correlated
with the sex of the patients (P = 0.080), the degree of
tumor differentiation (P = 0.036), the histological type
(P = 0.036) and the N stage of the tumor (P = 0.014).
Low expression CDK5RAP3 or DDRGK1 is a poor
prognostic factor for gastric cancer patients. Prognostic
analysis showed that the co-expression of CDK5RAP3
and DDRGK1 was an independent prognostic factor
correlating with the overall survival of gastric cancer
patients. Combined expression analysis of CDK5RAP3
and DDRGK1 may provide a more accurate prognostic
value for overall survival.
CONCLUSION
The co-expression of CDK5RAP3 and DDRGK1 is an
independent prognostic factor for gastric cancer, which
can provide a more accurate model for the long-term
prognosis.
Key words: Gastric cancer; CDK5RAP3; DDRGK1;
Prognosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of CDK5RAP3 and DDRGK1
was down-regulated in gastric cancer tissues. Low
expression CDK5RAP3 or DDRGK1 is a poor prognostic
factor for gastric cancer patients. The co-expression of
CDK5RAP3 and DDRGK1 is an independent prognostic
factor for the overall survival of patients with gastric
cancer. Moreover, we also found that co-expression of
CDK5RAP3 and DDRGK1 can provide a more accurate
model for the long-term prognosis of gastric cancer.
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are nuclear localization signals. The 229-273 amino
acid residues near the C-terminus are the protein PCI
[11]
domain . Studies have shown that proteins containing a
PCI domain are primarily responsible for the construction
[12]
[13]
and assembly of protein complexes . Xi et al found
that DDRGK1 interacts with IkBa and regulates its
stability, thereby regulating the transcriptional activity
of NF-κB. At present, there are few studies on the coexpression of CDK5RAP3 and DDRGK1 in gastric cancer
and its impact on prognosis. In this study, we examined
the expression of CDK5RAP3 and DDRGK1 in 135 cases
of gastric cancer, and analyzed their correlation with
clinicopathological features and long-term prognosis of
the patients.

Co. Ltd.) for 30 min. Next, the sections were incubated
with diluted rabbit anti-human CDK5RAP3 (ab157203,
1:200 dilution; Abcam) or DDRGK1 (21445-1-AP, 1.50
dilution; Proteintech) overnight in a humidified chamber
at 4 ℃. After three washes in PBS, the sections were
incubated with the secondary antibody conjugated to
horseradish peroxidase at room temperature for 30
min. The signal was developed with diaminobenzidine
solution, which was followed by counterstaining in 20%
hematoxylin. Finally, all slides were dehydrated and
mounted on cover glass. For negative controls, nonspecific antibody diluent was substituted for the primary
antibody.

Evaluation of immunostaining intensity

The immunohistochemistry (IHC) of the tissue sections
were examined by two experienced pathologists,
who scored the slides according to the intensity of cell
staining and the proportion of positively stained tumor
cells. The definition for the evaluation of CDK5RAP3 and
DDRGK1 staining intensity was as follows: no staining
(score of 0), weak staining (light yellow, score of 1),
moderate staining (yellow brown, score of 2) and strong
staining (brown, score of 3). The positive proportion
of stained tumor cells was scored as follows: ≤ 5%
positive cells (score of 0), 6% to 25% positive cells (score
of 1), 26% to 50% positive cells (score of 2), ≥ 51%
positive cells (score of 3). If the total score (intensity
x percentage score) was less than 3, the protein
expression was considered low, however, if the score
was 4 or higher, the protein expression was considered
high (Figure 1A).

MATERIALS AND METHODS
Human gastric tumor tissues

The gastric cancer specimens were obtained from
135 patients with gastric adenocarcinoma, who had
undergone D2 lymph node dissection and gastrectomy
for gastric cancer at the Department of Gastric Surgery,
Fujian Medical University Union Hospital (Fujian, China)
with available detailed clinic pathologic parameters,
between January 2013 and June 2015. All patients
received their first diagnosis of gastric cancer and
received no other treatment, such as chemotherapy,
before surgery. All diagnoses were confirmed by
pathology after surgery. Gastric cancer was confirmed
by hematoxylin and eosin (H&E) staining in all cases.
The clinicopathological data of the 135 GC patients
included age, sex, size of the primary tumor, location
of the primary tumor, degree of differentiation, histolo
gical type, Borrmann type, depth of invasion, lymph
node metastasis, distant metastasis and TNM stage.
The pathologic stage of the tumor was re-assessed
according to the TNM classification of gastric cancer
(eighth edition) of the International Union against
Cancer (2016).The clinical and pathological data were
recorded prospectively for the retrospective analysis.
This study was approved by the ethics committee of
Fujian Medical University Union Hospital and written
consent was obtained from all patients involved.

Western blot

After the cells grew to 90%-100% confluence, the
cells were flushed twice with pre-cooled PBS and then
extracted with RIPA lysis solution (Thermo Fisher
Scientific, Waltham, MA, United States) containing
a 10% cocktail (Roche, South San Francisco, CA,
United States).Protein samples (40 μg per lane) were
separated on 10% polyacrylamide gels by the SDSPAGE method and transferred to PVDF membranes.
Then, at room temperature, 5% skim milk was used to
block the PVDF membrane for 1 h. The membrane was
then incubated at 4 ℃ with the primary anti-CDK5RAP3
(ab157203, 1:1000 dilution; Abcam), anti-DDRGK1
(21445-1-AP, 1:1000 dilution; Proteintech), or antiGAPDH (ab8245, 1:5000 dilution; Abcam) and washed
with TBS-T 3 times, 5 min each time, then incubated at
room temperature with the HRP secondary antibody (Cell
Signaling Technology) for 1 h. GAPDH was used as an
internal control. Finally, the membrane was washed with
TBS-T for 30 min and the protein bands were detected
by an enhanced chemiluminescence method (Amersham
Corporation, Arlin-gton Heights, IL, United States).

Immunohistochemistry

Paraffin sections containing sufficient formalin fixed
tumor tissue were sectioned continuously at a thickness
of 4 μm and were mounted on silage coated slides
for immunohistochemical analysis. The slices were
deparaffinized with xylene and rehydrated in 95%, 85%
and 75% ethanol. Antigen retrieval was performed by
subjecting the slides to high-pressure sterilization at
121 ℃ for 2 min in 0.01 mol/L sodium citrate buffer
solutions (pH 6.0). Endogenous peroxidase activity
was blocked by incubating the slides with 3% H2O2 at
room temperature for 10 min. The slices were then
washed in phosphate buffered saline (PBS) solution and
blocked in 10% goat serum (Zhongshan Biotechnology

WJG|www.wjgnet.com
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Figure 1 Expression levels of CDK5RAP3 and DDRGK1 in gastric cancer and adjacent non-tumor tissues. A: Immunohistochemical staining of CDK5RAP3
and DDRGK1 expression in gastric cancer tissue and the criteria for immunohistochemistry scores following the intensity of positive signals. Scale bar = 100 μm.
B: Western blot of CDK5RAP3 and DDRGK1 in gastric cancer and adjacent non-tumor tissues in nine patients. C: Western blot of CDK5RAP3 and DDRGK1 in five
gastric cancer cells. D: CDK5RAP3 and DDRGK1 expression scores are shown as box plots, with the horizontal lines representing the median; the bottom and top of
the boxes representing the 25th and 75th percentiles, respectively, and the vertical bars representing the range of data. The expression of CDK5RAP3 and DDRGK1 in
gastric tumor tissues and respective adjacent non-tumor tissues was compared using the t-test. n = 135 (P < 0.001).

for the first two years and were then followed up every
six months for the next three to five years. The last
follow-up time point was January 2018. Follow-up
routine examinations, including a physical examination,
laboratory tests (CA19-9, CEA and CA72-4), chest
X-ray, abdominal CT, B ultrasound, and gastroscopy
were performed each year. The total survival time was
defined as the time from surgery to the last follow-up,
or the time of death, or the expiration of the followup database (e.g., lost to follow-up, death from other
diseases, etc.)

according to the type of variables and the purpose of
comparison. The survival rate was calculated by the
Kaplan-Meier method, and the subsequent survival
curve was plotted. The log-rank test was used to
compare the survival rates. Cox regression was used
to analyze the independent factors that affected the
prognosis. The area under the ROC curve was used to
compare the prognostic ability of different indexes. The
difference was statistically significant when P < 0. 05.

Statistical analysis

Expression status of CDK5RAP3 and DDRGK1 in gastric
cancer

RESULTS

All of the data were processed by the SPSS23.0
statistical software package. Appropriate test methods,
2
such as the χ test or Fisher’s exact test, were selected
WJG|www.wjgnet.com

Of 135 patients with primary gastric cancer, 109 patients
(80.7%) had low expression of CDK5RAP3 and 26
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Table 1 Relationship between CDK5RAP3 and DDRGK1 protein expression in gastric cancer tissues and various clinicopathological
variables
Variables

Total

CDK5RAP3 expression
Low

Gender
Male
Female
Age (yr)
> 60
≤ 60
Tumor size(cm)
>5
≤ 5
Location of tumor
Lower 1/3
Middle 1/3
Upper 1/3
More than 1/3
Borrmann type
Ⅰ + Ⅱ Type
Ⅲ + Ⅳ Type
Degree of differentiation
Well/moderate
Poor and not
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1 + T2
T3 + T4
Lymph node metastasis
Negative
Positive
TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Distant metastasis
Negative
Positive

High

107
28

84
25

23
3

91
44

78
31

13
13

53
72

42
67

11
15

55
20
45
15

48
15
36
10

7
5
9
5

31
104

24
85

7
19

57
78

47
62

10
16

58
42
10
25

48
32
9
20

10
10
1
5

21
114

13
96

8
18

20
115

16
93

4
22

44
91

33
76

11
15

128
7

102
7

26
0

P value

1.659

0.198

4.441

0.125

3.860

0.285

0.187

1.271

5.674

0.008

1.383

1.761

patients (19.3%) had high expression. The DDRGK1
immunohistochemical score showed low expression
in 98 cases (72.6%) and high expression in 37 cases
(27.4%) (Table 1). Western blotting was used to detect
the expression of CDK5RAP3 and DDRGK1 in the tumor
and adjacent tissues of nine patients with gastric cancer.
It was found that the expression of CDK5RAP3 and
DDRGK1 in six patients was higher in respective adjacent
non-tumor tissues than that in gastric cancer tissues
(Figure 1B). In addition, the expression of CDK5RAP3
and DDRGK1 in gastric cancer cell lines decreased with
the decrease of differentiation degree of the gastric
cancer cell lines (Figure 1C). We also found that the
histological scores of CDK5RAP3 and DDRGK1 in adjacent
tissues were higher than those in cancer tissues, with a
statistically significant difference (Figure 1D).

Low

High

74
24

33
4

64
34

27
10

39
59

14
23

37
16
34
11

18
4
11
4

25
73

6
31

36
62

21
16

39
27
9
23

19
15
1
2

13
85

8
29

10
88

10
27

28
70

16
21

92
6

36
1

0.035

0.723

0.277

0.593

0.666

0.736

0.017

0.927

0.240

0.184

χ2

P value

3.057

0.080

0.719

0.397

0.043

0.835

1.537

0.674

1.312

0.252

4.414

0.036

8.547

0.036

1.428

0.232

6.023

0.014

2.632

0.105

0.639

0.424

DDRGK1 protein expression in gastric cancer tissues
and various clinicopathological data. The expression of
CDK5RAP3 in gastric cancer was correlated with the
age (P = 0.035) and T stage of the tumor (P = 0.017).
However, the expression of DDRGK1 in gastric cancer
was closely correlated with the differentiation degree (P
= 0.036), the histological type (P = 0.036) and N stage
of tumor (P = 0.014), as shown in Table 1. The coexpression level of CDK5RAP3 and DDRGK1 was related
to sex (P = 0.024), T stage (P = 0.026), N stage (P =
0.048) and TNM stage (P = 0.016), as shown in table 2.

Expression levels of CDK5RAP3 and DDRGK1 are
correlated with the prognosis of patients with gastric
cancer

The median follow-up time was 30.0 mo, and the
three-year survival rate was 70.7%. Survival analysis
showed that the three-year survival rate of gastric
cancer patients with low expression of CDK5RAP3 was
71.1%, which was lower than that of patients with
high expression of CDK5RAP3 (90.8%, Figure 2A).

Relationships between CDK5RAP3 and DDRGK1
protein expression in gastric cancer tissues and
clinicopathological parameters

We analyzed the relationship between CDK5RAP3 and
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Table 2 Relationship between different CDK5RAP3 and DDRGK1 protein expression status in gastric cancer tissues and various
clinicopathological variables

A

1.0

Overall survival (%)

Gender
Male
Female
Age (yr)
> 60
≤ 60
Tumor size (cm)
>5
≤ 5
Location of tumor
Lower 1/3
Middle 1/3
Upper 1/3
More than 1/3
Borrmann type
Ⅰ + Ⅱ Type
Ⅲ + Ⅳ Type
Degree of differentiation
Well/moderate
Poor and not
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1 + T2
T3 + T4
Lymph node metastasis
Negative
Positive
TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Distant metastasis
Negative
Positive

0.8

Total

C53 and DDRGK1 low expression

C53 and/or DDRGK1 high expression

χ2

P value

107
28

59
22

48
6

5.077

0.024

91
44

55
26

36
18

0.022

0.881

53
82

32
49

21
33

0.005

0.943

55
20
45
15

33
12
29
7

22
8
16
8

1.481

0.687

31
104

20
61

11
43

0.342

0.559

57
78

31
50

26
28

1.296

0.255

57
42
10
25

33
22
8
18

25
20
2
7

4.415

0.220

21
114

8
73

13
41

4.972

0.026

20
115

8
73

12
42

3.913

0.048

44
91

20
61

24
30

5.754

0.016

126
7

75
6

53
1

2.034

0.154

0.6
0.4
0.2

CDK5RAP3 low
CDK5RAP3 high
P < 0.05

0.0
0

10

20

30

40

B

1.0

Overall survival (%)

Variables

0.8
0.6
0.4
0.2

DDRGK1 low
DDRGK1 high
P < 0.05

0.0
50

60

Time after surgery (mo)

0

10

20

30

40

50

60

Time after surgery (mo)

Figure 2 Kaplan-Meier analysis of the correlation between the expression of CDK5RAP3 and DDRGK1 and the overall survival of gastric cancer patients.

The survival time of gastric cancer patients with low
expression of DDRGK1 was significantly lower than that
of patients with high expression of DDRGK1 (67.7%
vs 91.9%, Figure 2B). When combining analysis of
CDK5RAP3 and DDRGK1, the three-year survival
rate of gastric cancer patients with low expression
of CDK5RAP3 and DDRGK1 was 64.2%, which was
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significantly lower than that of the patients with high
expression of CDK5RAP3 and DDRGK1 (Figure 3A).
We compared the prognostic value of high expression
of CDK5RAP3 and low expression of DDRGK1 to low
expression of CDK5RAP3 and high expression of
DDRGK1, and there were no significant differences
between these survival curves (supplementary figure

3903

September 14, 2018|Volume 24|Issue 34|

1.0
0.8
0.6
0.4
CDK5RAP3 and
DDRGK1 low
CDK5RAP3 and/or
DDRGK1 high
P < 0.05
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0
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30
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B
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Overall survival (%)

A
Overall survival (%)
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0.8
0.6
0.4
0.2
0.0

50

60

Time after surgery (mo)

CDK5RAP3 and
DDRGK1 low
CDK5RAP3 or
DDRGK1 low
CDK5RAP3 and
DDRGK1 high
P < 0.05
0

10

20

30

40

50

60

Time after surgery (mo)

Figure 3 Kaplan-Meier analysis of the correlation between the combined expression of CDK5RAP3 and DDRGK1 with the overall survival of gastric cancer
patients.
100.0%

CDK5RAP3 and
DDRGK1 low
CDK5RAP3 and/or
DDRGK1 high

80.0%
60.0%
40.0%

1.0
0.8
0.6
0.4

DDRGK1
DDRGK1 and CDK5RAP3
CDK5RAP3
TNM stage
Reference line

0.2

20.0%
0.0%

B

Sensitivity

Number of cases

A

Ⅰ+Ⅱ

Ⅲ+Ⅳ

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

TNM stage

Figure 4 Receiver operating characteristic analysis of the sensitivity and specificity of the predictive value of DDRGK1 expression model, CDK5RAP3
expression model, the combined CDK5RAP3 and DDRGK1 model and the TNM model. A: Co-expression of CDK5RAP3 and DDRGK1 were significantly
correlated with TNM stage. B: The area under the ROC curve was 0.649 (0.548-0.751) for the co-expression of CDK5RAP3 and DDRGK1 model, 0.598 (0.486-0.693)
for the CDK5RAP3 expression model, 0.605 (0.501-0.708) for the DDRGK1 expression model, and 0.659 (0.562-0.756) for the TNM model.

1). So we combined the two groups into a group for
further analysis. Further stratification analysis showed
that the prognosis was the best when CDK5RAP3 and
DDRGK1 were both highly expressed, and the prognosis
was the worse when either CDK5RAP3 or DDRGK1
was highly expressed, while the worst prognosis was
correlated with low expression of both CDK5RAP3
and DDRGK1 (Figure 3B). In addition, we used immu
noprecipitation combined with mass spectrometry (in
an HGC cell line) to find CDK5RAP3 binding protein
and potential downstream targets. The results of
string analysis show that CDK5RAP3 can bind DDRGK1
(supplementary figure 2).

prognostic factors in gastric cancer patients (Table 4).

The relationship between the expression of CDK5RAP3
and DDRGK1 and TNM stage

As shown in Figure 4, we established a ROC curve to
compare the expression of CDK5RAP3 or DDRGK1 alone
and the expression of CDK5RAP3 and DDRGK1 together
with TNM stage in gastric cancer prognostication.
The results showed that the area under the curve of
the combination of CDK5RAP3 and DDRGK1 (AUC:
0.649, 95%CI: 0.548-0.751, P = 0.009) was larger
than that of CDK5RAP3 or DDRGK1 expression alone
(CDK5RAP3: AUC: 0.589, 95%CI: 0.486-0.693, P =
0.120, DDRGK1: AUC: 0.605, 95%CI: 0.501-0.708,
P = 0.069). In addition, the prognostic value of the
combined expression of CDK5RAP3 and DDRGK1 was
closer to that of the TNM stage (AUC: 0.683, 95%CI:
0.591-0.776, P = 0.001).

Univariate and multivariate analyses of the prognosis in
the entire group

Univariate analysis showed that the overall survival was
correlated with the T status (P = 0.026), N status (P =
0.031), M status (P = 0.005), TNM stage (P = 0.001),
and the expression level of CDK5RAP3 (P = 0.023)
and DDRGK1 (P = 0.015) in gastric cancer tissues and
the co-expression level of CDK5RAP3 and DDRGK1 in
gastric cancer tissues (P = 0.001) (Table 3). Multivariate
Cox prognostic analysis showed that the co-expression
levels of CDK5RAP3 and DDRGK1 (P = 0.009) and
the TNM stage (P = 0.007) were both independent
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DISCUSSION
In recent years, although some progress has been made
in the treatment of gastric cancer, the prognosis of gastric
cancer patients is still not optimistic because the majority
of patients are only diagnosed in moderate or advanced
stages, and the effect of adjuvant therapy is limited.
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that the function of CDK5RAP3 and DDRGK1 is related.
However, the expression of CDK5RAP3 and DDRGK1 in
gastric cancer and their influence on clinicopathological
characteristics and prognosis have not previously been
reported.
CDK5RAP3 is widely expressed in various tissues
and cells of the whole body, including the heart,
brain, skeletal muscle, placenta, lung, liver, kidney
[17]
and pancreas . In early embryonic development,
CDK5RAP3 regulates cell cycle progression, epidermal
[18]
cell adhesion and migration . Recent studies have
suggested that CDK5RAP3 plays an important role in
various cancers such as lung cancer, liver cancer, and
[6,19,20]
head and neck cancer
. Our study found that the
three year survival rate of patients with low expression
of CDK5RAP3 was lower than that of patients with
high expression of CDK5RAP3 (P < 0.05), and the
expression of CDK5 RAP3 was correlated with tumor T
stage, suggesting that CDK5RAP3 is involved in gastric
cancer. It may play a role in suppressing cancer, which
[21]
is also consistent with our previous research results .
In the case of DDRGK1, some studies have shown
that DDRGK1 is a tumor suppressor. The ufmylation of
DDRGK1 itself is essential for its combination with UFL1
and activation of the UFL1 ubiquitin ligase. If DDRGK1
is unable to undergo ufmylation, it cannot bind and acti
vate UFL1 activity, thereby blocking the ufmylation of
the nuclear receptor co-activator ASC1 and, inhibiting
the binding of ASC1 and the transcription factors p300
and SRC1 to the downstream target genes of the
[11,14]
estrogen receptor ERα
.
In this study, the survival of gastric cancer patients
with low expression of DDRGK1 was significantly shorter
than that of patients with high expression of DDRGK1
(P < 0.05), and the expression of DDRGK1 was related
to tumor differentiation, histological type and N stage. It
has also been suggested that DDRGK1 may play a role
in suppressing the progression of gastric cancer.
In addition, we found that patients with low expre
ssion of CDK5RAP3 and DDRGK1 had the worst
prognosis while patients with high expression of both
proteins had the best prognosis, and the other patients
were between them. Further analysis showed that
the accuracy of prognostication with a combination of
CDK5RAP3 and DDRGK1 was higher than that of CDK5
RAP3 or DDRGK1 alone. We showed that the combined
expression of CDK5RAP3 and DDRGK1 had a better
ability to predict the overall survival rate of gastric cancer
[13]
patients. Xi et al found that DDRGK1 interacted with
IkBa and regulated its stability, thereby regulating the
transcriptional activity of NF-κB and its target gene
[9]
expression. However, Wang’s study of CDK5RAP3
found that down-regulation of CDK5RAP3 increased
cell invasiveness and increased the transcriptional
activity of NF-κB. CDK5RAP3 binds to RelA to inhibit
its phosphorylation and increase the binding of HDAC
to RERA, thereby inhibiting the transcriptional activity
of NF-κB. CDK5RAP3 and DDRGK1 can interact with

Table 3 Univariate analysis of the correlation between
clinicopathological parameters and survival of patients with
gastric cancer
Clinicopathological parameters

Three-year Log-rank P value
test
cumulative
survival rate

Gender
Male
Female
Age (yr)
> 60
≤ 60
Tumor size (cm)
>5
≤ 5
Location of tumor
Lower 1/3
Middle 1/3
Upper 1/3
More than 1/3
Borrmann type
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Degree of differentiation
Well/moderate
Poor and not
Histological type
Papillary
Tubular
Mucinous
Signet-ring cell
Depth of invasion
T1 + T2
T3 + T4
Lymph node metastasis
Negative
Positive
TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Distant metastasis
Negative
Positive
CDK5RAP3 expression
Low
High
DDRGK1 expression
Low
High
CDK5RAP3/DDRGK1 expression
CDK5RAP3 and/or DDRGK1 high
CDK5RAP3 and DDRGK1 low

75.4
71.4

0.395

0.53

75.4
73.8

0.163

0.686

68.3
79.3

0.988

0.32

78.2
83.6
63.3
86.7

3.438

0.329

76.9
74

0.373

0.541

75.5
74.2

0.111

0.739

70
85.6
70
69.1

4.386

0.223

91.7
71.7

4.95

0.026

95
71.2

4.629

0.031

92.3
66.3

11.424

0.001

76.7
42.9

8.015

0.005

71.1
90.8

5.168

0.023

67.7
91.9

5.971

0.015

90.1
64.2

10.415

0.001

Therefore, finding new biomarkers will help to improve
earlier diagnosis and treatment of gastric cancer. DDRGK1
is not only a target protein of ufmylation, but is also an
integral component of the ufmylation modification system.
Ufmylation mediated by DDRGK1 plays an important
[14,15]
[16]
role in carcinogenesis
. Shiwaku et al found that
the amino acid sequence of CDK5RAP3 contained an
[9]
ubiquitin protein ligase binding region. Wu’s study
found that CDK5RAP3 can interacted with DDRGK1
and UFL1 (called RCAD in their study) and regulate the
stability of CDK5RAP3 and DDRGK1. Therefore, based
on these previous reports and our finding, we speculate

WJG|www.wjgnet.com

3905

September 14, 2018|Volume 24|Issue 34|

Lin JX et al . CDK5RAP3 and DDRGK1 in gastric cancer
Table 4 Multivariate analysis of the correlation between clinicopathological parameters and survival time of patients with gastric cancer
Covariates
CDK5RAP3 expression (high vs low)
DDRGK1 expression (high vs. low)
CDK5RAP3 and DDRGK1 expression (low/low vs. high and/or high)
Depth of invasion (T3,T4 vs T1,T2)
Lymph node metastasis (positive vs negative)
Distant metastasis (positive vs negative)
TNM stage (stage Ⅲ and Ⅳ vs Ⅰ and Ⅱ)

Coefficient

Standard error

HR

95%CI for HR

P value

-1.226
-0.979
1.178
1.071
1.538
0.861
-1.630

0.735
0.536
0.453
1.045
1.020
0.544
0.608

0.294
0.376
3.247
2.920
1.974
2.365
7.195

0.070-1.239
0.131-1.074
1.336-7.891
0.376-22.635
0.631-34.367
0.815-6.8631
0.060-0.645

0.095
0.068
0.009
0.305
0.132
0.113
0.007

management strategies.

each other, and their roles in the NF-κB pathway are
similar. Therefore, we hypothesized that their impact
on prognosis may be related to the overlapping of the
two tumor suppressing effects. However, the interaction
between CDK5RAP3 and DDRGK1 in gastric cancer
has not been fully elucidated. Further manipulation of
gene expression in different gastric cancer cell lines
and investigation of the characteristics and mechanism
of these genes effects on gastric cancer are needed in
additional studies.
In summary, low expression of CDK5RAP3 and
DDRGK1 are closely related to the prognosis of gastric
cancer, and the co-expression of CDK5RAP3 and
DDRGK1 is an independent prognostic factor correlated
with the overall survival of gastric cancer patients.

Research methods

We used immunohistochemistry to detect the expression of CDK5RAP3 and
DDRGK1 in gastric cancer and adjacent tissues. Western Blot was used to
detect the expression of CDK5RAP3 and DDRGK1 in gastric cancer and its
adjacent tissues and cell lines. According to immunohistochemistry scores, the
patients were divided into CDK5RAP3 high expression group and CDK5RAP3
low expression group, DDRGK1 high expression group and DDRGK1 low
expression group, and the relationship between the expression level and
clinicopathological data was analyzed. Furthermore, based on the combined
expression of CDK5RAP3 and DDRGK1, we classified the patients into three
subtypes: CDK5RAP3 and DDRGK1 high (n = 9), CDK5RAP3 or DDRGK1
low (n = 45) and CDK5RAP3 and DDRGK1 low (n = 81). Then, we used the
Kaplan-Meier method to analyze the effect of different expression patterns on
prognosis.

Research results

Our research found that the expression of CDK5RAP3 and DDRGK1 was
down-regulated in gastric cancer. Low expression of CDK5RAP3 or DDRGK1
is a poor prognostic factor for gastric cancer patients. Moreover, prognostic
analysis showed that the co-expression of CDK5RAP3 and DDRGK1 was an
independent prognostic factor correlating with the overall survival of gastric
cancer patients. Combined expression analysis of CDK5RAP3 and DDRGK1
may provide a more accurate prognostic value for overall survival. This study
presents two interacting proteins, which may be useful to determine patient
management strategies. These makers may predict the prognosis of gastric
cancer patients through an analysis of CDK5RAP3 and DDRGK1 protein
expression in preoperative biopsy and tumor specimens.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Although the morbidity and mortality of the primary gastric cancer has declined
in recent decades, it is still the third most common cause of cancer-related
deaths worldwide. The symptoms of early gastric cancer are not highly specific.
Therefore, misdiagnosis and missed diagnosis may occur. Therefore, finding
new biomarkers will help to improve earlier diagnosis and treatment of gastric
cancer. In recent years, an increasing number of studies on the prognostic
indicators of gastric cancer have been published. However, the expression of
CDK5RAP3 and DDRGK1 in gastric cancer and its influence on prognosis have
not yet been reported.

Research conclusions

This study found that low expression of CDK5RAP3 and DDRGK1 are closely
related to the poor prognosis of gastric cancer patients, and the co-expression
of CDK5RAP3 and DDRGK1 is an independent prognostic factor correlated
with the overall survival of gastric cancer patients. These two interacting
proteins, CDK5RAP3 and DDRGK1, may be helpful in determining patient
management strategies, and to predict the prognosis of gastric cancer patients.
We hypothesized that CDK5RAP3 and DDRGK1 were key genes which may
participate in the biological regulation of gastric cancer. The mechanism of
their role in gastric cancer has not been fully elucidated and further studies are
needed. With advances in technology, humans may find more effective and
new indicators in the future to guide treatment, improve prognosis, and reduce
the recurrence rate and mortality of patients with gastric cancer.

Research motivation

At present, the etiology and pathogenesis of gastric cancer has not yet been
fully clarified. There is also a lack of specific and highly effective therapeutic
drugs available for use in clinical practice. The symptom specificity of early
gastric cancer is not obvious, so most patients are already in advanced stages
before receiving medical treatment, which seriously affects the prognosis of
patients. Therefore, searching for molecular markers that can be used as an
independent prognostic factor for gastric cancer is of great significance for the
early diagnosis and targeted treatment of gastric cancer. A series of studies on
tumor prognostic factors is expected to provide a new target for the treatment
of gastric cancer while providing new targets for the treatment of gastric
cancer. The expression of CDK5RAP3 and DDRGK1 in gastric cancer and
their influence on clinicopathological characteristics and prognosis have not
previously been discussed.

Research perspectives

This study found the prognostic value of two interacting proteins, CDK5RAP3
and DDRGK1, by detecting the expression of both in clinical specimens,
combined with detailed clinicopathological data analysis. This study provided
ideas for finding new tumor prognosis related molecules. Manipulation of both
CDK5RAP3 and DDRGK1 expression in different gastric cancer cell lines, such
as overexpression or knockdown, will be needed for future research. Further
study is necessary to investigate the characteristics of cancer cells and explore
the mechanism of CDK5RAP3 and DDRGK1 affecting the development of

Research objectives

The aim of this study is to identify novel effective biomarkers to classify patients
with low or high survival. This would provide a guide to clinicians to select
therapeutic strategies for patients and provide personalized therapy according
to the predicted survival rate. In this study, we investigated two interacting
proteins, CDK5RAP3 and DDRGK1, which may help determine patient
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gastric cancer by an in vitro cell model and in vivo xenograft model.
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Abstract
AIM
To determine the clinical characteristics of elderly patients
of hemorrhagic gastroduodenal ulcer on low-dose aspirin
(LDA) therapy.

Informed consent statement: Patients were not required to
give informed consent to this study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
A total of 1105 patients with hemorrhagic gastroduodenal
ulcer treated in our hospital between January 2000 and
March 2016 were grouped by age and drugs used, and
these groups were compared in several factors. These
groups were compared in terms of length of hospital
stay, presence/absence of hemoglobin (Hb) decrease,
presence/absence of blood transfusion, ForrestⅠ, per
centage of Helicobacter pylori infection, presence/absence
of underlying disease, and percentage of severe cases.

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
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
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RESULTS
The percentage of blood transfusion (62.6% vs 47.7 %,
P < 0.001), Hb decrease (53.8% vs 40.8%, P < 0.001),
and the length of hospital stay (23.5 d vs 16.7 d, P < 0.001)
were significantly greater in those on drug therapy. The
percentage of blood transfusion (65.3% vs 47.8%, P <
0.001), Hb decrease (54.2% vs 42.1%, P < 0.001), and
length of hospital stay (23.3 d vs 17.5 d, P < 0.001) were
significantly greater in the elderly. In comparison with the
LDA monotherapy group, the percentage of severe cases
was significantly higher in the LDA combination therapy
group when elderly patients were concerned (16.1% vs
34.0%, P = 0.030). Meanwhile, among those on LDA
monotherapy, there was no significant difference between
elderly and non-elderly (16.1% vs 16.0%, P = 0.985).

a means of secondary prevention of such diseases has
often been reported and the frequency of its use has
[1-3]
[4]
increased . However, Pearson et al reported that
the use of LDA caused an approximately 20% decrease
in cardiovascular events in comparison with the control
group, but its use was associated with a 2.7-fold higher
risk of gastrointestinal hemorrhage. Serious adverse
responses to LDA include gastrointestinal mucosal dis
order and gastrointestinal hemorrhage; therefore, there
is a concern for an increase and aggravation of these
[5-9]
conditions .
Based on the Special Report of Vital Statistics in
Japan issued by the Ministry of Health, Labour and
Welfare, data in 1996, when the number of patients
with gastric ulcer was the greatest after 1990, and the
latest available data in 2014 were compared in regard
to the number of patients with gastroduodenal ulcer
and the number of deaths from gastroduodenal ulcer.
The number of patients and the number of deaths in
1996 were 1124000 and 4514, respectively, whereas
the corresponding numbers were 311000 (28% of
the number in October 1996) and 2770 (61% of the
number in 1996) in October in 2014. Although the
number of patients with ulcer was decreased to less
than one third, there was no marked decrease in the
number of deaths from ulcer. This indicates that the clin
ical picture of ulcer became more severe, presumably
reflecting an increase in the incidence of ulcer due to
the increased use of antithrombotic drugs including LDA
in the aging society, whereas the rate of infection with
Helicobacter pylori (H. pylori) has decreased, and the
rate of H. pylori eradication has increased, in the younger
[10]
generation in recent years . In particular, combined
use of LDA and non-steroidal anti-inflammatory drugs
(NSAIDs) and advanced age serve as risk factors for
the occurrence of LDA-induced ulcer and also increase
[11-14]
the risk of hemorrhage and aggravation
. According
[15]
to a sub-analysis by Nikolsky et al , who investigated
the presence/absence and prognosis of gastrointestinal
hemorrhage within 30 d of hospitalization due to acute
coronary syndrome, the overall mortality at 1 year was
significantly higher in patients who had gastrointestinal
hemorrhage within 30 d of hospitalization than in those
who did not. In this study, we paid attention to patients
who were on oral LDA therapy, a clinically important
issue, among elderly patients with hemorrhagic gastro
duodenal ulcer due to oral antithrombotic therapy to
elucidate the clinical characteristics of this condition and
analyzed patients with hemorrhagic gastroduodenal ulcer
treated in our hospital in relation to age and medication.

CONCLUSION
A combination of LDA with antithrombotic drugs or nonsteroidal anti-inflammatory drugs (NSAIDs) contributes
to aggravation. And advanced age is not an aggravating
factor when LDA monotherapy is used.
Key words: Hemorrhagic gastroduodenal ulcer; Low-dose
aspirin; Antithrombotic drugs; Elderly patients; Proton
pump inhibitor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A total of 1105 patients with hemorrhagic gastro
duodenal ulcer were grouped by age and drugs used, and
these groups were compared in several factors. Among
the elderly (over 70 years), the rate of severe conditions
was significantly higher in patients receiving low-dose
aspirin (LDA) combination therapy than in those receiving
LDA monotherapy. Meanwhile, in the LDA monotherapy
group, no significant difference in the rate of severe
conditions was observed between elderly and non-elderly
patients. This result suggests LDA combination therapy
contributes to the aggravation, and advanced age is not
an aggravating factor when LDA monotherapy is used.
Fukushi K, Tominaga K, Nagashima K, Kanamori A, Izawa
N, Kanazawa M, Sasai T, Hiraishi H. Gastroduodenal ulcer
bleeding in elderly patients on low dose aspirin therapy. World J
Gastroenterol 2018; 24(34): 3908-3918 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i34/3908.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i34.3908

INTRODUCTION

MATERIALS AND METHODS

Japan’s population is aging rapidly. According to the White
Paper on Aging Society 2016, Cabinet office, Government
of Japan, people 65 years of age or older accounted for
27.3% of the total population as of October 1, 2016.
Under a situation where cerebrovascular disorder and
ischemic heart disease have been increasing, clinical
evidence of the usefulness of low-dose aspirin (LDA) as

WJG|www.wjgnet.com

Patients

This study included 1105 patients who had hematemesis,
melena, or acute anemia symptoms due to hemorrhagic
gastroduodenal ulcer [801 (72.5%) cases of gastric ulcer
and 304 (27.5%) cases of duodenal ulcer] and who
underwent emergency endoscopic hemostasis because
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upper gastrointestinal hemorrhage was suspected in
Dokkyo Medical University Hospital between January
2000 and March 2016. These 1105 patients comprised
inpatients, outpatients at the emergency department,
and emergency transport patients.

LDA is usually prescribed at a dose ≤ 162 mg/d. This
also applies to the present study. In addition, the use
of NSAIDs was also examined. The subjects were also
examined for the presence/absence of cardiac disease,
cerebrovascular disorder, renal disease, peptic ulcer, and
diabetes mellitus as possible underlying diseases.

Patient management

Data analysis

The rules of our response to hemorrhagic gastric and
duodenal ulcers are as follows: (1) hemostasis is rapidly
and continuously performed by a gastroenterologist;
(2) the hemostasis procedure uses clipping or argon
plasma coagulation at the operator’s discretion, and a
local injection of hypertonic saline epinephrine (HSE)
and thrombin spray are employed if necessary without
restriction to a single technique; (3) blood transfusion
is indicated for patients with hemoglobin (Hb) ≤ 70 g/L
or patients in shock; (4) intravenous administration
of a proton pump inhibitors (PPIs) is given promptly
after endoscopic hemostasis, and it is switched to oral
administration after initiation of oral feeding; (5) oral
feeding is begun with thin rice gruel if blood test shows
no progression of anemia and if no bleeding is found
by second-look endoscopy performed within 0-5 d;
and (6) when the patient is on antithrombin drug or
anticoagulation drug therapy, discontinuation of the
drug therapy is considered in consultation with a doctor
of the specialty concerned after evaluating the risk of
thrombosis, embolism, and bleeding.

This was a retrospective study. The medical records of
the subjects were examined for patient age, sex, Hb
level, presence/absence of blood transfusion, Forrest
classification, the number of ulcerative lesions, oral
drugs, underlying disease, presence/absence of H. pylori
infection, etc. These subjects were divided into those
who were on oral drug therapy and those who were
not and were also classified as elderly and non-elderly
patients. These groups were compared in regard to
the percentage of patients with blood transfusion, Hb
decrease, rebleeding, surgery, IVR, or fatal outcome,
and the length of hospital stay. In addition, among pa
tients on oral drug therapy, attention was focused on
LDA; in each of the LDA monotherapy group and LDA
combination therapy group, the percentage of severe
cases was analyzed in relation to elderly and non-elderly
patients. To investigate factors for aggravation of the
condition in elderly patients, the elderly group was further
divided into those with and without severe conditions for
comparison.

Definition

Statistical analysis

WJG|www.wjgnet.com
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For statistical analysis, χ test, t test, and Mann-Whitney
U test were used. Logistic regression analysis was also
performed using hospital stay of 20 d or more as a depen
dent variable. SPSS version (IBM SPSS Statistics 21; IBM
Japan, Ltd.) was used for statistical analysis processing.
This study was approved by the life ethics committee of
our institution.

Patients aged 70 years or older were defined as elderly,
and those aged younger than 70 years were defined as
non-elderly. A significant decrease in the Hb level was
defined as a decrease of at least 20 g/L in comparison
with the Hb level in the previous blood examination or
as an Hb level of 70 g/L or lower in the absence of avai
lable data in the previous blood examination. As for
H. pylori infection, it was possible that the urea breath
test would provide a false-negative result because of the
PPIs administered. Therefore, H. pylori-IgG antibody was
measured in all subjects, and antibody titers of 10 U/mL
or more were defined as positive. Multiple ulcer was
defined by the presence of two or more ulcer lesions.
Rebleeding was defined by the endoscopic evidence and
additional treatment of hemorrhage within 72 h after
the implementation of the initial endoscopic hemostasis.
Hemorrhage found after more than 72 h was defined
as recurrence. Severe cases were defined as cases
with at least two of the following three items: (1) an
Hb decrease of 20 g/L or more or blood transfusion;
(2) hospital stay of at least 30 d; and (3) rebleeding,
surgery, interventional radiology (IVR), or death. The
oral drugs examined included antiplatelet drugs, such
as LDA, thienopyridines (clopidogrel, ticlopidine, and
prasugrel), and cilostazol, and anticoagulation drugs
such as warfarin, heparin, and direct oral anticoagulants
(DOACs) (dabigatran, rivaroxaban, apixaban, and
edoxaban). LDA, administered at doses of 70–330 mg/d,
[6,11]
reportedly provides an antiplatelet effect
. In Japan,

RESULTS
Patient characteristics in each group

The numbers (percentages) of patients with gastric ulcer
and duodenal ulcer were 801 (72.5%) and 304 (27.5%),
respectively. Table 1 shows the characteristics of the
patients with gastroduodenal ulcer examined in this
study. These patients were classified into those with oral
drug therapy (medicated group) and those without oral
drug therapy (non-medicated group). The medicated
group comprised 474 (42.9%) patients, whereas the
non-medicated group comprised 631 (57.1%) patients.
These patients were also divided into elderly and nonelderly patients. There were 436 (39.5%) and 669
(60.5%) elderly and non-elderly patients, respectively.
Table 2 shows the patient characteristics of each group.

Comparison between the medicated group and nonmedicated group

Types of oral medication included 474 patients (113
cases of LDA monotherapy and 157 cases of NSAIDs
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0.001), percentage of patients with Hb decrease (54.2%
vs 42.1%; P < 0.001), and percentage of patients with
rebleeding, surgery, IVR, or death (11.7% vs 6.6%; P =
0.033) were significantly higher among elderly patients.
The length of hospital stay after the implementation of
endoscopic treatment (23.3 d vs 17.5 d; P < 0.001) and
the overall length of hospital stay (26.9 d vs 19.0 d; P <
0.001) were significantly longer among elderly patients.

Table 1 Baseline characteristics n (%)
All cases (n = 1105)

Items
Mean age (yr)
Sex
Male
Female
Mean length of hospital stay (d)
After endoscopic treatment
Overall
Hb (mg/L)
Hb decrease
Blood transfusion
H. pylori positive
Endoscopic findings
Ulcer
Single
Multiple
Forrest classification
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲ

Rebleeding
Recurrence
Surgery/IVR/death
Prophylactic anti-ulcer medication
None
PPI
H2RA
MP
Comorbidity
Cardiac disease
Cerebrovascular disorder
Renal failure
DM
Orthopedic disorder
History of ulcer

64.37
823 (74.5)
282 (25.5)
19.8
22.1
87.4
509 (46.1)
594 (53.8)
857 (77.6)

Comparison between patients on LDA monotherapy and
those on LDA combination therapy

Patients in the medicated group were divided into those
with LDA monotherapy or LDA combination therapy
and elderly or non-elderly patients, and the percentage
of severe cases and the length of hospital stay were
examined. Patients in the medicated group were divided
into groups A (elderly receiving LDA monotherapy), B
(elderly receiving LDA combination therapy), C (nonelderly receiving LDA monotherapy), and D (nonelderly receiving LDA combination therapy). Elderly
patients, a population that may have clinical issues, were
investigated by comparing groups A and B. In addition,
the age-related tendency in the LDA monotherapy group
was examined by comparing groups A and C (Table 3).
The results are shown in Figures 2 and 3. A comparison
between groups A and B revealed that the length of
hospital stay tended to be longer in group B than in
group A (group A 20.0 d vs group B 25.5 d; P = 0.194).
Rebleeding, surgery, IVR, and death were more frequent
in group B than in group A (group A 3.2% vs group B
14.6%; P = 0.038). In comparison with group A, the
percentage of severe cases was significantly higher in
group B (group A 16.1% vs group B 34.0%; P = 0.030).
A comparison of groups A and C showed no significant
difference in the length of hospital stay or the percentage
of severe cases between the two groups.

759 (68.7)
346 (31.3)
88 (8.0)
171 (15.5)
525 (47.5)
142 (12.8)
179 (16.2)
82 (7.4)
60 (5.4)
32 (2.9)
749 (67.8)
88 (8.0)
117 (10.6)
152 (13.6)
254 (30.0)
180 (16.3)
125 (11.3)
198 (17.9)
162 (14.7)
317 (28.7)

Hb: Hemoglobin; H. pylori: Helicobacter pylori; IVR: Interventional
radiology; PPI: Proton pump inhibitor; H2RA: Histamine-2 receptor
antagonists; MP: Mucosal protectant; DM: Diabetes mellitus.

Risk factor for aggravation in elderly patients

monotherapy and 113 cases of clopidogrel monothe
rapy and 10 cases of cilostazol monotherapy and 40
cases of warfarin monotherapy and 4 cases of DOACs
monotherapy, and 118 cases of combination therapy).
When the medicated and non-medicated groups were
compared, the percentage of patients with blood trans
fusion (62.6% vs 47.7%; P < 0.001) and the percentage
of patients with Hb decrease (53.8% vs 40.8%; P
< 0.001) were significantly higher in the medicated
group (Figure 1A). The length of hospital stay after the
implementation of endoscopic treatment (23.5 d vs 16.7
d; P < 0.001) and the overall length of hospital stay (27.0
d vs 18.5 d; P < 0.001) were significantly longer in the
medicated group. There was no significant difference
with regard to rebleeding, surgery, IVR, or mortality
between the two groups.

In the elderly group, severe cases defined by rebleeding
or fatal outcome were compared with non-severe cases
ending in discharge in remission to determine risk factors
for aggravation (Table 4). There was a significant inter
group difference in regard to Hb decrease (70.0% vs
52.1%; P = 0.017), blood transfusion (88.0% vs 62.4%;
P < 0.001), ForrestⅠ (45.1% vs 22.9%; P = 0.001),
HSE use (9.6% vs 21.6%; P = 0.010), and diabetes
mellitus (29.4% vs 16.9%; P = 0.030). Multivariate
logistic regression analysis revealed blood transfusion
[odds ratio (95%CI): 3.59 (1.42-9.06); P = 0.007],
ForrestⅠ [odds ratio (95%CI): 2.40 (1.07-4.54); P =
0.007], and diabetes mellitus [odds ratio (95%CI): 2.02
(1.00-4.06); P = 0.049] as independent risk factors.

Comparison between elderly and non-elderly patients

Aspirin exerts an anti-inflammatory action by inhibiting
the activity of COX-1 and COX-2 as well as an antiplatelet
action by inhibiting intraplatelet COX-1 and suppressing
the production of thromboxane A2, a promoter of plate

DISCUSSION

The results of the comparison between elderly and nonelderly patients are shown in Figure 1B. The percentage
of patients with blood transfusion (65.3% vs 47.8%; P <

WJG|www.wjgnet.com
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Table 2 Characteristics of the medicated vs non-medicated groups and the elderly vs non-elderly groups

Mean age (yr)
Sex (male:female)
Hb (mg/L)
H. pylori infection (positive:negative)
Single ulcer
ForrestⅠ
Anti-ulcer medication
Underlying disease
Cardiac disease
Cerebrovascular disorder
Renal disease
Respiratory disease
Orthopedic disorder
History of ulcer
Hypertension
DM

Medicated group
(n = 474)

Non-medicated
group
(n = 631)

P value

Elderly group
(n = 436)

Non-elderly group
(n = 669)

P value

69.7
352:122
82.6
73.5% (324:117)
61.4% (291:183)
25.7% (122:352)
52.1% (247:227)

60.4
491:140
91.1
89.3% (533:64)
74.2 (468:163)
21.7% (137:494)
17.3% (109:522)

< 0.001
< 0.001
<0.001
< 0.001
< 0.001
0.118
< 0.001

78.5
271:165
80.8
77.9% (311:88)
40.1% (175:261)
25.5% (11:325)
41.3% (189:256)

54.9
552:117
91.9
85.4% (546:93)
25.6% (171:498)
22.1% (148:521)
26.3% (176:493)

< 0.001
< 0.001
< 0.001
0.002
< 0.001
0.201
< 0.001

43.0% (204:270)
25.9% (123:351)
16.5% (78:396)
13.5% (64:410)
28.9% (137:337)
21.9% (104:370)
41.4% (196:278)
21.7% (103:371)

7.9% (50:581)
4.0% (25:606)
7.4% (47:584)
8.1% (51:580)
4.0% (25:606)
28.7% (181:450)
25.9% (158:473)
15.1% (95:536)

< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001
< 0.001
0.004

33.9% (148:288)
22.2% (97:339)
13.1% (57:379)
14.9% (65:371)
21.6% (94:342)
18.3% (80:356)
45.2% (197:239)
18.3% (80:356)

15.8% (106:563)
7.6% (51:618)
10.2% (68:601)
7.5% (50:619)
10.2% (68:601)
30.6% (205:464)
23.5% (157:512)
17.6% (118:551)

< 0.001
< 0.001
0.136
< 0.001
< 0.001
< 0.001
< 0.001
0.763

Hb: Hemoglobin; H. pylori: Helicobacter pylori; DM: Diabetes mellitus.

Table 3 Characteristics of low dose aspirin therapy
Elderly patients (n = 111)
Group A: LDA Group B: LDA
monotherapy
combination
(n = 63)
therapy
(n = 48)
Mean age (yr)
Sex (male:female)
Mean length of hospital stay (d)
After endoscopic treatment
Overall
Hb (mg/L)
Hb decrease (present:absent)
Blood transfusion (present:absent)
H. pylori infection (positive:negative)
Forrest (Ⅰ:Ⅱ, Ⅲ)
Ulcer (multiple:single)
Rebleeding (present:absent)
Rebleeding/surgery/IVR/death (present:absent)
Recurrence (present:absent)
DM
Cardiac disease
Cerebrovascular disorder
Orthopedic disorder
Respiratory disease
Renal disease
History of peptic ulcer
Hypertension
Preceding anti-ulcer medication (present:absent)
Preceding PPI medication

Non-elderly patients (n = 99)
Group C: LDA Group D: LDA
monotherapy
combination
(n = 49)
therapy
(n = 50)

P (A vs B)

P (A vs C)

80.0
43:20:00

80.0
34:14:00

58.3
45:04:00

60.7
44:06:00

0.989
0.770

< 0.001
0.003

20.0
20.1
84.0
43.5% (27:35)
61.3% (38:24)
77.4% (48:14)
23.8% (15:48)
42.9% (27:36)
3.2% (2:61)
3.2% (2:61)
0% (0:63)
17.5% (11:51)
52.4% (33:30)
38.1% (24:39)
12.7% (8:55)
17.5% (11:52)
12.7% (8:55)
19.0% (12:51)
49.2% (31:32)
38.1% (24:39)
11.1% (7:56)

25.5
28.4
84.0
53.2% (25:22)
66.0% (31:16)
68.3% (28:13)
27.1% (13:35)
39.6% (19:29)
12.5% (6:42)
14.6% (7:41)
4.2% (2:46)
25.0% (12:36)
66.7% (32:16)
39.6% (19:29)
25.0% (12:36)
14.6% (7:41)
22.9% (11:37)
12.5% (6:42)
52.1% (25:23)
79.2% (38:10)
22.9% (11:37)

20.9
23.0
89.0
49.0% (24:25)
38.8% (19:30)
80.9% (38:9)
16.3% (8:41)
22.4% (11:38)
2.0% (1:48)
4.1% (2:47)
8.2% (4:45)
36.7% (18:31)
46.9% (23:26)
22.4% (11:38)
6.1% (3:46)
4.1% (2:47)
18.4% (9:40)
28.6% (14:35)
36.7% (18:31)
44.9% (22:27)
12.2% (6:43)

21.9
27.3
86.0
67.4% (31:15)
58.7% (27:19)
68.8% (33:15)
20.0% (10:40)
46.0% (23:27)
8.0% (4:46)
8.0% (4:46)
4.0% (2:48)
36.0% (18:32)
78.0% (39:11)
34.0% (17:33)
20.0% (10:40)
4.0% (2:48)
24.0% (12:38)
20.0% (10:40)
42.0% (21:29)
58.0% (29:21)
16.0% (8:42)

0.194
0.120
0.948
0.702
0.690
0.303
0.694
0.846
0.060
0.038
0.185
0.332
0.130
0.873
0.095
0.684
0.157
0.354
0.764
<0.001
0.095

0.323
0.685
0.307
0.569
0.018
0.664
0.331
0.024
1.000
1.000
0.034
0.021
0.568
0.076
0.342
0.028
0.407
0.236
0.187
0.468
0.853

Hb: Hemoglobin; LDA: Low dose aspirin; H. pylori: Helicobacter pylori; IVR: Interventional radiology; PPI: Proton pump inhibitor; DM: Diabetes mellitus.

[16-17]

let aggregation. It is known that aspirin inhibits gastric
mucosal protection through COX inhibition. In addition,
aspirin takes a lipid-soluble nonionic form under the
intragastric acidic condition and accumulates in the
cell to cause injury directly, with increased drug per
meability. Case-control studies conducted in Europe and
North America showed that gastrointestinal mucosal
disorder would increase the risk of upper gastrointes

WJG|www.wjgnet.com

tinal hemorrhage about 2- to 4-fold
. Sakamoto
[18]
et al
reported based on the results of a case-control
study in Japanese people that the odds ratio of upper
gastrointestinal hemorrhage due to LDA was 8.2
(95%CI: 3.3-20.7). In addition, studies that examined
the prognosis in relation to the presence or absence of
the increasingly prevalent gastrointestinal hemorrhage
after acute coronary syndrome or acute stroke found
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Table 4 Comparison between the severe and non-severe groups in the elderly group
Elderly group (n = 436)
Severe cases
Non-severe cases
(n = 51)
(n = 385)
Mean age (yr)
Sex (male:female)
Mean length of hospital stay (d)
After endoscopic treatment
Overall
Hb (mg/L)
Hb decrease (present:absent)
Blood transfusion (present:absent)
H. pylori infection (positive:negative)
Forrest (Ⅰ:Ⅱ, Ⅲ)
Ulcer (multiple:single)
HSE use
DM
Cardiac disease
Cerebrovascular disorder
Orthopedic disorder
Respiratory disease
Renal disease
History of peptic ulcer
Hypertension
Preceding anti-ulcer medication
Preceding PPI medication

Univariate analysis
P value

79.0
64.7% (33:18)

78.8
61.8% (238:147)

0.846
0.689

21.9
25.9
76.3
70.0% (35:15)
88.0% (44:6)
69.8% (30:13)
45.1% (23:28)
31.4% (16:35)
21.6% (11:40)
29.4% (15:36)
29.4% (15:36)
27.5% (14:37)
23.5% (12:39)
21.6% (11:40)
5.9% (3:48)
23.5% (12:39)
41.2% (21:30)
52.9% (27:24)
11.8% (6:45)

23.5
27.0
81.4
52.1% (198:182)
62.4% (237:143)
78.9% (281:75)
22.9% (88:297)
41.3% (159:226)
9.6% (37:348)
16.9% (65:320)
34.5% (133:252)
21.6% (83:302)
21.3% (82:303)
14.0% (54:331)
14.0% (54:331)
17.7% (68:317)
45.7% (176:209)
39.7% (153:232)
11.7% (45:340)

0.699
0.823
0.113
0.017
< 0.001
0.171
0.001
0.174
0.010
0.030
0.467
0.342
0.716
0.155
0.105
0.309
0.541
0.072
0.987

Multivariate analysis
OR
P value
(95%CI)

1.378 (0.693-2.74)
3.592 (1.423-9.064)

0.361
0.007

2.395 (1.065-4.537)

0.007

2.178 (0.975-4.862)
2.018 (1.002-4.063)

0.058
0.049

Hb: Hemoglobin; H. pylori: Helicobacter pylori; IVR: Interventional radiology; HSE: Hypertonic saline epinephrine; DM: Diabetes mellitus; PPI: Proton pump
inhibitor.
[24,25]

that the occurrence of gastrointestinal hemorrhage after
acute coronary syndrome or acute stroke would increase
[15,19]
the overall mortality at 1 year
. This should not
only alert endoscopists but also alert cardiologists and
neurologists. Antiplatelet drugs other than LDA are also
associated with the risk of gastrointestinal hemorrhage
because they inhibit thrombogenesis, but they cause
less injury to the mucosa. Clopidogrel is known to
increase the risk of hemorrhage by 1.7-2.8 times; casecontrol studies with more than 10000 cases showed
that its risk of inducing hemorrhage is not statistically
[16,17,20,21]
significant
. Because reports on antiplatelet drugs
other than LDA are limited, accumulation of data and
additional investigations in the future are awaited. The
anticoagulant warfarin significantly increases the risk
of upper gastrointestinal hemorrhage by about two to
[16,20-22]
four times
. In recent years, the use of DOACs as
a new treatment of venous thromboembolism and atrial
fibrillation has increased. In a cohort study, Shimomura
[23]
et al performed a long-term follow-up of 508 patients
on oral anticoagulant therapy in whom peptic ulcer and
hemorrhage were denied and calculated the incidence
rate of gastrointestinal hemorrhage. As a result, acute
gastrointestinal hemorrhage occurred in 8.3% of the
patients during an average observation period of 31 mo,
and the cumulative incidence rates of gastrointestinal
hemorrhage at 5 and 10 years were reported to be 13%
and 19%, respectively, which were clinically relevant.
There was no significant difference in the hemorrhage
risk between warfarin and DOACs. In addition,
other more recent studies have found no significant
difference in the hemorrhage risk between warfarin
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and DOACs
. Our present study included only four
patients on DOACs therapy, and therefore DOACs were
not analyzed. Because the use of DOACs is expected to
increase in the future, additional investigations would be
necessary.
[16]
Hallas et al
reported that the risk of hemorrhage
was increased 1.8-fold by LDA monotherapy, and the
risk was further increased by the combined use of
LDA with other drugs, e.g., 7.4-fold by combination
with clopidogrel and 5.3-fold by combination with
warfarin. Several studies have demonstrated bleeding
risk in patients treated with a combination of LDA plus
[26,27]
antithrombotic drugs
. The present study showed
that the condition was significantly more severe in elderly
patients aged 70 years or older on LDA combination
therapy than in those on LDA monotherapy. Although a
comparison among different drugs was not made, this
study indicated that the combined use of drugs would
increase the risk of hemorrhage, requiring due caution.
In addition, when LDA monotherapy was used, there was
no significant difference in the severity of the condition
between elderly and non-elderly patients. Although oral
LDA therapy poses a risk of ulceration as mentioned
previously, the results of this study suggest that LDA
monotherapy does not contribute to aggravation of
hemorrhage in elderly patients in comparison with nonelderly patients.
Increases in the incidence of rebleeding and mortality
in relation to the underlying disease and age have been
[28]
reported. Rockall et al have reported that the fatality
rate due to upper gastrointestinal hemorrhage was
14% (584/4412) and that the rate increased with the
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Figure 1 Comparison between 2 groups. A: Medicated and non-medicated groups; B: Elderly and non-elderly groups. Hb: Hemoglobin; IVR: Interventional
radiology.

presence of comorbidities such as heart failure, ischemic
heart disease, and renal failure. It has also been reported
that the mortality within 30 d is proportional to the
[29]
prevalence of serious comorbidities . In addition, some
researchers reported that the Glasgow Blatchford score
was the most effective predictive factor for treatment
[30,31]
[32]
intervention and death
. Travis et al
investigated
the risk factors for rebleeding after endoscopy and
reported that non-use of PPIs, hepatic cirrhosis, heparin,
and the use of epinephrine were independent factors.
In this study, the condition was more likely to be more
severe in elderly patients and medicated patients,
indicating that aggressive treatment intervention would
be necessary in such patients. In addition, when elderly
patients aged 70 years or older were concerned, Hb
decrease, implementation of blood transfusion, ForrestⅠ,
HSE, and a history of diabetes mellitus were found to
be risk factors for a severe clinical course (rebleeding,
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surgery, IVR or other treatment intervention, or death).
When multivariate analysis was performed, Hb decrease,
implementation of blood transfusion, and a history
of diabetes mellitus were identified as independent
factors. In these patients, endoscopically and clinically
more appropriate management including an adequate
endoscopic hemostatic procedure and an aggressive
second-look procedure is required.
As for management after hemostasis, both the
rebleeding risk due to continued oral antithrombotic
medication and the risk of developing thromboembolism
due to discontinuation of antithrombotic therapy
should be considered. Thus, the method of such
management is a clinically relevant issue. Discontinuation
of antithrombotic drugs was previously reported to
be associated with a significantly higher incidence of
[5,16,33-35]
thromboembolic events and related deaths
.
The risk of recurrence of underlying disease associated
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Figure 2 Comparison between the low dose aspirin monotherapy and low dose aspirin combination therapy groups in the elderly. LDA: Low dose aspirin;
Hb: Hemoglobin.
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Figure 3 Comparison between the elderly and non-elderly groups in patients receiving low dose aspirin monotherapy. LDA: Low dose aspirin; Hb:
Hemoglobin.

withdrawal, in consultation with specialists such as a
cardiologist or a neurologist. Elderly patients are at a
high risk of rebleeding and are more likely to discontinue
antithrombotic medication. In such cases, a secondlook procedure should be performed aggressively,
and antithrombotic medication should be resumed as
soon as possible. It is also necessary to ensure that
antithrombotic medication is resumed on discharge.
With regard to LDA-induced peptic ulcer, several
randomized controlled trails demonstrated the secondary
preventive effect of PPIs, and in Japan, an additional
indication for the use of PPIs to prevent recurrence of
LDA-induced ulcer was approved for the first time in

with discontinuation of LDA has also been reported to
be significantly higher than the risk of recurrence of
hemorrhagic gastric ulcer associated with continuation
[36]
[37]
of LDA therapy . Nagata et al
have reported that
a history of thromboembolism, comorbidity score,
discontinuation of LDA, discontinuation of antiplatelet
drugs other than aspirin, and discontinuation of
anticoagulant drugs were identified as risk factors
for thromboembolism and that discontinuation of
LDA and anticoagulant drugs resulted in a higher
risk of thromboembolism. Therefore, when treating
patients, it is necessary to consider the propriety of
discontinuation of medication and avoid prolonged
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[38-40]

who were divided according age (the elderly group consisting of those 70
years of age or older and the non-elderly group consisting of those less than
70 years of age) and orally administered drugs (the LDA monotherapy group
and the LDA combination therapy group). We retrospectively compared and
analyzed the length of hospital stay, presence or absence of decreased
hemoglobin (Hb) level, use of blood transfusion, rate of severe conditions, etc.

2010
. In a randomized controlled trial that included
patients aged 60 years or older who had no endoscopic
evidence of ulcer, esomeprazole 20 mg proved to
be effective for prevention of peptic ulcer (primary
[41]
prevention) . As mentioned previously, the incidence
rates of severe ulcer and drug-induced ulcer are
increasing, and administration of more appropriate acidblocking drugs including PPIs has become important.
[42]
Japanese guidelines recommend the use of PPIs .
However, as demonstrated in the present study, the
actual frequency of the use of PPIs is currently low,
and therefore further spread of this type of drugs is
necessary.
Our present study had several limitations. This
was a single-center retrospective study that provided
restrictive analysis. Endoscopic skills varied among
different endoscopists. The definition of severe ulcer was
not based on any well-known scoring system but used
unique factors produced from evaluable items. The age
difference between elderly and non-elderly subjects was
small 54.9 years vs 78.5 years. Addition of data and
another verification with participation of multiple centers
are desirable.
In conclusion, when patients on LDA combination
therapy and LDA monotherapy were compared, the
percentage of severe cases was high in those on LDA
combination therapy among elderly patients, indicating
that combined use of LDA with antithrombotic drugs or
NSAIDs contributes to the aggravation of hemorrhagic
gastroduodenal ulcer. In the LDA monotherapy group,
there was no significant difference in the percentage of
severe cases between elderly and non-elderly patients,
indicating that age is not a risk factor for aggravation of
the condition when LDA monotherapy is used.

Research results

When elderly patients were compared between the LDA monotherapy and LDA
combination therapy groups, the rate of severe conditions was higher in the
LDA combination therapy group. Concomitant use of LDA with antithrombotic
drugs or nonsteroidal anti-inflammatory drugs was found to contribute to the
progression of severe hemorrhagic gastroduodenal ulcer to severe conditions.
Moreover, among the LDA monotherapy group, no significant difference in
the rate of severe conditions was observed between elderly and non-elderly
patients. Oral administration of LDA alone was not found to be a risk factor for
progression to severe conditions in elderly patients.

Research conclusions

This study showed that LDA combination therapy contributes to progression
to severe conditions, such as markedly decreased Hb levels, increased
frequency of blood transfusion, and prolonged hospital stay, in elderly patients.
Meanwhile, in cases receiving LDA monotherapy, advanced age is not a risk
factor for progression to severe conditions. Based on these findings, when
LDA combination therapy is administered to elderly patients, efforts should
be made toward adequate prevention of hemorrhage. In cases with ulcer
hemorrhage, while treatment is given, appropriate antithrombotic therapy is
required to prevent the occurrence of vascular events. Furthermore, apparently,
if LDA monotherapy is administered, even elderly patients may be at a risk of
progression to severe conditions similar to that in non-elderly patients.

Research perspectives

The limitations of this study include the single-center retrospective design. In
addition, because the analysis in the LDA combination therapy group was not
stratified according to the types of antithrombotic drugs used in combination
with LDA, the effects of different combinations of drugs on the risk of
hemorrhage should be examined in future studies. Although the use of proton
pump inhibitors (PPIs) is preferable for prevention of hemorrhage as described
in the guidelines, further accumulation of additional data and studies on effects,
adverse events, etc. are needed to use PPIs appropriately. Furthermore,
evidence must be accumulated for the prophylactic effect of novel therapeutic
drugs, such as vonoprazan, for ulcers in elderly patients.
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Research motivation

As previously reported, the concomitant use of LDA and other antithrombotic
drugs increases the risk of ulcer hemorrhage. However, no report of any study
that LDA-induced ulcer hemorrhage in elderly patients who expected to become
severe. Elucidation of the current status of this condition would thus be useful.

Research objectives

Of patients with hemorrhagic gastroduodenal ulcer caused by oral
administration of antithrombotic drugs, those receiving oral LDA, which is likely
to be particularly problematic, were targeted. By comparing elderly and nonelderly patients, this study aimed to identify clinical features of the ulcer and
factors contributing to its progression to severe conditions. These issues are
particularly important in countries that have become aged societies, like Japan,
or are aging at a rapid rate.

Research methods

This study included 1105 patients with hemorrhagic gastroduodenal ulcer,
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Abstract
AIM
To evaluate the National Cancer Institute (NCI)
Colorectal Cancer (CRC) Risk Assessment Tool as a
predictor for the presence of adenomatous polyps (AP)
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found during screening or surveillance colonoscopy.
METHODS
This is a retrospective single center observational
study. We collected data of adenomatous polyps in
each colonoscopy and then evaluated the lifetime CRC
risk. We calculated the AP prevalence across risk score
quintiles, odds ratios of the prevalence of AP across risk
score quintiles, area under curves (AUCs) and Youden’
s indexes to assess the optimal risk score cut off value
for AP prevalence status.

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer diagnosed in men and women in the United
States. The lifetime risk for developing CRC is 1 in 22 for
men and 1 in 24 for women. Estimates for new cases
of CRC amount to 140000 yearly, and approximately
[1]
50000 people will die of CRC in 2018 alone . CRC
arises from colonic polyps, specifically ‘adenomas’,
which result from either a sporadic mutation or a
DNA mismatch repair within the mucosal lining of the
intestine. Adenomas may grow in size and progress
from low-grade dysplasia to high-grade dysplasia, to
[2]
carcinoma-in-situ and eventually invasive carcinoma .
Studies have identified both genetic and environ
[3]
mental factors for developing CRC . Currently in clinical
practice many strategies are available to screen for
CRC. Screening colonoscopies among them are known
to decrease the incidence and mortality of CRC by
identifying adenomas in asymptomatic individuals and
surveillance colonoscopies at predefined intervals are
[4]
employed to monitor them .
Given the financial and social impact of CRC on
society, it is imperative to quantitatively assess the risk
of developing CRC in individuals. Many tools are widely
available that help calculate future risk of CRC, however
they tend to be limited to specific patient groups, or be
based on selected populations of patients, and have
relatively poor discrimination or are not validated and/or
[5]
published .
The Colorectal Cancer Risk Assessment Tool by
the National Cancer Institute (NCI) is a validated tool
that was developed using cancer incidence data from
13 NCI Surveillance, Epidemiology, and End Results
(SEER) registries, and from national mortality rates.
The tool uses the respondent’s answers about risk and
preventive factors to calculate that person’s absolute
risk of colorectal cancer for a specific time period (5-year,
[6]
10-year and lifetime risk) .
We conducted this study with the aim of evaluating
the NCI Colorectal Cancer Risk Assessment Tool as a
predictor of the presence of adenomatous polyps found
during screening or surveillance colonoscopy.

RESULTS
The prevalence of AP gradually increased throughout
the five risk score quintiles: i.e. , 27.63% in the first
and 51.35% in the fifth quintile. The odd ratios of AP
prevalence in the fifth quintile compared to the first
and second quintile were 2.76 [confidence interval
(CI): 1.71-4.47] and 2.09 (CI: 1.32-3.30). The AUC
for all patients was 0.62 (CI: 0.58-0.66). Youden’
s Index indicated the optimal risk score cutoff value
discriminating AP prevalence status was 3.60.
CONCLUSION
Patients with the higher NCI risk score have higher
risk of AP and subsequent CRC; therefore, measures
to increase the effectiveness of CRC detection in
these patients include longer withdrawal time, early
surveillance colonoscopy, and choosing flexible
colonoscopy over other CRC screening modalities.
Key words: National Cancer Institute Colorectal Cancer
Risk-Assessment Tool; Colorectal cancer; Predictors of
colorectal cancer; Adenomatous polyps; Colonoscopy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Due to health, financial and social burden
of colorectal cancer (CRC), it is necessary to assess
the risk of cancer development earlier. National
Cancer Institute (NCI) CRC risk prediction model
helps identifying people who are at increased risk
of developing CRC. Our study demonstrated that
NCI CRC risk prediction tool could also estimate the
risk of having Adenomatous polyps (AP) in patients
undergoing screening or surveillance colonoscopy. The
results revealed that the odds ratios of AP prevalence
increase progressively throughout the five quintiles
of risk scores. Therefore, measures to increase the
effectiveness of CRC screening in these patients
should be implemented using longer withdrawal times,
early surveillance colonoscopy, and choosing flexible
colonoscopy over other CRC screening modalities.

MATERIALS AND METHODS
This is a retrospective single center observational study.
st
The period of study was 6 mo between January 1 ,
th
2017 and June 30 , 2017. The study was performed
according to the Declaration of Helsinki and was
approved by the Institution Review Board (IRB) of
Bronx Lebanon hospital center.

Tariq H, Kamal MU, Patel H, Patel R, Ameen M, Shehi E,
Khalifa M, Azam S, Zhang A, Kumar K, Baiomi B, Shaikh
D, Makker J. Predicting the presence of adenomatous polyps
during colonoscopy with National Cancer Institute Colorectal
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Patient selection

and if the appointment was screening or surveillance
were reported and were stratified across AP status.
Frequencies and percentages were reported for
categorical variables. Means and standard deviations
were reported for continuous variables. The associations
between categorical variables and AP status were
tested by Pearson’s chi square tests. The associations
between continuous variables and AP status were
assessed by ANOVA tests. The frequency and
percentage of AP prevalence were stratified across risk
score quintiles. The AP prevalence trend across risk
score quintiles were assessed by asymptotic linear by
linear association test. The odds ratios (ORs) of the
prevalence of AP across risk score quintiles and their
95% confidence intervals were computed. Receiver
operating characteristic (ROC) curves were plotted to
assess the discriminatory accuracy of the risk score for
all patients and by genders. Area under curves (AUCs)
and their confidence intervals were reported. Youden’
s indexes were used to assess the optimal risk score
cut off value for AP prevalence status. Various disease
statuses (AP prevalence, three and more AP prevalence)
were stratified across risk score categories based on
the optimal risk score cutoff value. Frequencies and
percentages were reported. Pearson’s chi square
tests were applied to assess the associations between
outcome diseases and risk score categories. All analyses
were conducted on all patients and on screening and
follow up patients separately.
The values were considered statistically significant if
P-value was < 0.05 and values were considered more
significant if P-values were < 0.01. Analyses were
performed in R 1.0.153.

The data was collected from the electronic medical
records of patients and tabulated in Microsoft Excel
® (Microsoft Corp, Redmond, WA, United States).
Findings at colonoscopy were extracted from final
procedure reports, and pathology information was
extracted from final pathology reports. Asymptomatic
patients between 50 and 80 years old, undergoing
screening colonoscopy or surveillance colonoscopy who
had either excellent or good preparation with complete
examination were included in the study population.
Symptomatic patients, patients with indications for
therapeutic or diagnostic colonoscopy, like for example,
rectal bleeding, Iron-deficiency Anemia, Inflammatory
Bowel Disease, CRC, Chronic diarrhea, Abnormal
Imaging were excluded from participation. Incomplete
colonoscopy examinations and patients with missing
information/data were excluded from the study. Patients
who met the above criteria were interviewed over the
phone, and their lifetime NCI CRC Risk-Assessment
Tool score was calculated. Patients with missing NCI
colorectal cancer risk score were excluded as well. We
choose adenomatous polyps (AP) over other kind of
polyps in our study because these are more commonly
associated with colorectal cancer. Additionally, we did
not have other polyps like serrated polyps reported in
our study group and hence were not reported in the
study. All Authors had access to the study data and had
reviewed and approved the final manuscript.

NCI CRC Risk-Assessment Tool and AP

The predictors included in the NCI CRC Risk-Assessment
Tool for men are number of relatives with CRC, body
mass index, servings of vegetables per day, aspirin
and nonsteroidal anti-inflammatory drug use, usual
number of cigarettes smoked per day and years of
smoking in current and former smokers, prior negative
sigmoidoscopy and/or colonoscopy, polyp history and
[4]
current vigorous leisure time activity .
The predictors included in the NCI CRC RiskAssessment Tool for women are number of relatives
with CRC, body mass index, servings of vegetables
per day, aspirin and nonsteroidal anti-inflammatory
drug use, an age indicator, estrogen status within the
last 2 years, prior negative sigmoidoscopy and/or
colonoscopy, polyp history and current vigorous leisure
[4]
time activity .
In the original publication, estimated 10-year and
20-year CRC risks were presented. The tool is now
available on the Internet (http//www.cancer.gov/
colorectalcancerrisk/.). The tool provides 5-year, 10-year
and lifetime estimates. We used the predicted lifetime
CRC risk. The data on the presence of adenomatous
polyps and the numbers in each colonoscopy were
collected.

RESULTS
The prevalence of AP increased progressively through
the five quintiles of risk scores: 27.63% in the first and
lowest quintile, 33.53% in the second quintiles, 46.31%
in the third quintiles, 52.21% in the fourth quintile, and
51.35% in the fifth and highest quintile. The ORs of AP
prevalence in the third quintile compared to the first
and second quintile were 2.26 [confidence interval (CI):
1.40-3.65] and 1.71 (CI: 1.08-2.70). The ORs of AP
prevalence in the fourth quintile compared to the first
and second quintile were 2.86 (CI: 1.75-4.67) and 2.16
(CI:1.36-3.45). The ORs of AP prevalence in the fifth
quintile compared to the first and second quintile were
2.76 (CI: 1.71-4.47) and 2.09 (CI: 1.32-3.30).

Sample population characteristics and the prevalence of
AP
The demographic composition of the sample population
was indicated in Table 1. There were 749 patients who
met the inclusion criteria. The mean age of the study
population was 59.00 ± 7.38. Most of the sample
population was female (436, 58.2%), Hispanics (501,
67%), and screening colonoscopy patients (606,

Statistical analysis

Demographic information including age, gender, race,
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Table 1 Demographic information stratified by adenomatous polyp prevalence n (%)

Total
Age
Mean ± SD
Gender
Male
Female
Race
White
African american
Asian
Hispanic
Indication of colonoscopy
Surveillance
Screening

P value

Adenoma absent

Adenoma present

Total

436 (58.2)

313 (41.79)

749 (100)

58.656 ± 7.321

59.764 10 ± 7.417

59.119 ± 7.376

180 (41.3)
256 (58.7)

133 (42.5)
180 (57.5)

313 (41.8)
436 (58.2)

29 (6.7)
104 (23.9)
5 (1.1)
298 (68.3)

33 (10.6)
74 (23.7)
2 (0.6)
203 (65.1)

62 (8.3)
178 (23.8)
7 (0.9)
501 (67.0)

77 (17.7)
359 (82.3)

66 (21.1)
247 (78.9)

143 (19.1)
606 (80.9)

0.043
0.798

0.243

0.279

Table 2 Adenoma prevalence by risk-score quintile for all patients
NCI lifetime risk
score quintile
Q1 lowest
Q2
Q3
Q4
Q5 highest

Score range

OR of an adenoma (95%CI): row quintile vs column quintile

Number of individuals
with adenomas (%)

Q1

Q2

Q3

Q4

42 (27.63)
55 (33.54)
69 (46.31)
71 (52.21)
76 (51.35)

1.32 (0.82, 2.14)
2.26 (1.40, 3.65)
2.86 (1.75, 4.67)
2.76 (1.71, 4.47)

1.71 (1.08, 2.70)
2.16 (1.36, 3.45)
2.09 (1.32, 3.30)

1.27 (0.79, 2.02)
1.22 (0.78, 1.93)

0.97 (0.61, 1.54)

(1.1, 1.9)
(1.9, 2.8)
(2.8, 4.0)
(4.0, 5.4)
(5.4, 12.3)

Asymptotic Linear-by-Linear Association Test: P < 0.001. OR: Odds ratio; CI: Confidence interval; NCI: National Cancer Institute.

80.9%). The mean age of patients without AP was
slightly lower than the mean age of patients with AP
(58.66 vs 59.76, P = 0.043).

was 3.60 based on data on all patients.
Table 3 indicates diseases prevalence stratified by
risk score optimal cutoff value. The percentage of AP
prevalence patients was smaller for patients with risk
score lower than 3.6 compared to the patients with risk
score 3.6 and above (30.8% vs 52.7%, P < 0.001).
The percentage of patients having three and more
adenomas is smaller for patients with risk score less
than 3.6 compared to patients with risk score 3.6 and
above (4.8% vs 14.6%, P < 0.001).

The prevalence of AP by risk score quintiles

Table 2 indicates the prevalence of AP by risk score
quintiles and the ORs of AP prevalence compared
across score quintiles. The prevalence of AP increased
progressively through the five quintiles of risk scores:
27.63% in the first and lowest quintile, 33.53% in the
second quintiles, 46.31% in the third quintiles, 52.21%
in the fourth quintile, and 51.35% in the fifth and
highest quintile. The ORs of AP prevalence in the third
quintile compared to the first and second quintile were
2.26 (CI: 1.40-3.65) and 1.71 (CI: 1.08-2.70). The ORs
of AP prevalence in the fourth quintile compared to the
first and second quintile were 2.86 (CI: 1.75-4.67) and
2.16 (CI: 1.36-3.45). The ORs of AP prevalence in the
fifth quintile compared to the first and second quintile
were 2.76 (CI: 1.71-4.47) and 2.09 (CI: 1.32-3.30).

Subgroup analyses on screening and surveillance
patients

To strengthen the results, we studied screening and
surveillance patients separately. The prevalence of AP
increased progressively in screening patients among
the 5 quintiles (Table 4): 28.69% in the first and lowest
quintile, 33.58% in the second quintile, 43.70% in the
third quintile, 51.67% in the fourth quintile, and 47.75%
in the fifth and highest quintile. The OR of having AP
in the third quintile compared to the first quintile was
1.93 (CI: 1.13-3.29). The OR of having AP in the fourth
quintile compared to the first and second quintiles were
2.66 (CI: 1.56-4.52) and 2.11 (CI: 1.27-3.51). The OR
of having AP in the fifth quintile compared to the first
and second quintiles were 2.27 (CI: 1.32-3.90) and 1.81
(CI: 1.08-3.03). The AUC discriminating risk score and
AP prevalence was 0.60 (CI: 0.55-0.64) (Supplementary
Figure 1). The optimal risk score cutoff value indicated
by Youden’s Index was 3.60. The percentage of patients

Discriminatory accuracy of the risk prediction tool and
cutoff value with highest sensitivity and specificity

The ROC curves assessing the discriminatory accuracy
of the risk score for all patients and by gender were
presented in Figures 1 and 2. The AUC for all patients
was 0.62 (CI: 0.58-0.66). For Female, the AUC is
0.60 (CI: 0.55-0.66). For male, the AUC is 0.63 (CI:
0.57-0.69). Youden’s Index indicated the optimal risk
score cutoff value discriminating AP prevalence status
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quintile was 4.3 (CI: 1.41-13.07). The OR of having
AP in the fourth quintile compared to the first quintile
was 3.29 (CI: 1.03-10.53). The OR of having AP in the
fifth quintile compared to the first and second quintiles
were 7.3 (CI: 2.30-23.18) and 4.44 (CI: 1.49-13.26).
The AUC discriminating risk score and AP prevalence
was 0.70 (CI: 0.62-0.79) (Supplementary Figure 2).
The optimal risk score cutoff value indicated by Youden’
s Index was 3.50. The percentage of AP prevalent
patients is smaller for patients with risk score less than
3.5 compared to patients with risk score 3.5 and above
(29.6% vs 62.5%, P < 0.001). The percentage of
patients with three and more AP is smaller for patients
with risk score less than 3.5 compared to patients with
risk score 3.5 and above (5.6% vs 22.2%, P = 0.009)
(Supplementary Table 3).

Table 3 Disease prevalence stratified by risk score optimal
cutoff value n (%)
< 3.6 (n ≥ 3.6 (n
= 373) = 376)

Total (n
= 749)

P value

Adenoma present
115 (30.8) 198 (52.7) 313 (41.8)
Adenoma (number)
<3
355 (95.2) 321 (85.4) 676 (90.3)
≥3
18 (4.8)
55 (14.6) 73 (9.7)
Serrated adenoma present
1 (0.3)
2 (0.5)
3 (0.4)
Hyperplastic polyp > 10 mm
7 (1.9)
10 (2.7)
17 (2.3)
present

< 0.001
< 0.001

1.000
0.632

1.0

Sensitivity

0.8
0.6

DISCUSSION

0.4

The results of our study suggest that the NCI’s Risk
Assessment Tool is a reasonable option for recognizing
patients who are at a higher risk for the presence
of adenomatous polyps, having a moderately good
discriminatory accuracy for the presence of AP.
The primary endpoint of our study was the presence
of any adenomatous polyp, whereas the secondary
endpoint highlighted the presence of ≥ 3 adenomatous
polyps (high risk adenoma). In our study, a NIH risk
score of 3.6, as calculated based on Youden’s index, was
the best cut off value as a predictor of AP. The NCI risk
score of more than 3.6 as compared to NCI risk score of
3.6 or less had significantly higher chance of finding an
adenomatous polyp (30.8% vs 52.7%, P < 0.001) or
high-risk adenoma (4.8% vs 14.6%, P < 0.001).
The prevalence of AP increased progressively
throughout the five quintiles of risk scores and
plateaued on the fifth quintile in our study: 27.63% in
the lowest quintile, and 51.35% in highest quintile. The
AUC, which reflects the overall discriminatory accuracy
of the risk-prediction tool, was 0.62 (0.60 for females,
and 0.63 for males), similar to those observed in the
validation study of the NCI CRC Risk-Assessment Tool
using data from the NIH-AARP diet and health study
with incident CRC as the outcome, in which the AUCs
were 0.61 (95%CI: 0.59-0.62) for women and 0.61
(95%CI: 0.60-0.62) for men, thus demonstrating a
moderately good range for the given AUCs (Figures 1
[7]
and 2, Supplementary Figures 1 and 2) .
These findings suggest that the NCI’s Risk Assess
ment Tool has a moderate to good predictive value
for estimating the risk for adenomatous polyps as
well as future risk of CRC and can be utilized for such
predictions. This dual risk estimation makes it a very
effective tool for increasing the yield of colonoscopy.
Adenomas are well known precursors of CRC.
The adenoma-carcinoma sequence has suggested
genetic alterations and chromosomal instability as the
[8]
underlying mechanism for colorectal tumorigenesis .
Genes such as the APC, K-Ras, p53 and others, have

0.2
0.0
1.2

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

Specificity

Figure 1 Receiver operating characteristic curve for National Cancer
Institute Colorectal Cancer Risk-Assessment Tool for all patients.
1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0
1.2

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

Specificity
Figure 2 Receiver operating characteristic curves for National
Cancer Institute Colorectal Cancer Risk-Assessment Tool for all
patients by genders. Solid line indicates female, dashed line indicates
male.

with AP prevalence is lower for patients with risk score
lower than 3.6 compared to patients with risk score
3.6 and above (31.1% vs 50.3%, P < 0.001). The
percentage of patients with three and more AP is lower
for patients with risk score lower than 3.6 compared to
patients with risk score 3.6 and above (4.6% vs 12.8%,
P < 0.001) (Supplementary Table 1).
The prevalence of AP among surveillance patients
mostly increased progressively among the five quintiles
(Supplementary Table 2): 23.33% in the first and
lowest quintile, 33.33% in the second quintile, 56.67%
in the third quintile, 50.00% in the fourth quintile, and
68.97% in the fifth and highest quintile. The OR of
having AP in the third quintile compared to the first
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Table 4 Adenoma prevalence by risk-score quintile for all screening patients
NCI lifetime risk score
quintile
Q1 lowest
Q2
Q3
Q4
Q5 highest

Score range

Number of individuals
with adenomas (%)

(1.1, 1.9)
(1.9, 2.8)
(2.8, 4.0)
(4.0, 5.5)
(5.5, 12.3)

35 (28.69)
45 (33.58)
52 (43.70)
62 (51.67)
53 (47.75)

OR of an adenoma (95%CI): row quintile vs column quintile
Q1

Q2

Q3

Q4

1.26 (0.74, 2.14)
1.93 (1.13, 3.29)
2.66 (1.56, 4.52)
2.27 (1.32, 3.90)

1.53 (0.92, 2.56)
2.11 (1.27, 3.51)
1.81 (1.08, 3.03)

1.38 (0.83, 2.29)
1.18 (0.70, 1.98)

0.85 (0.51, 1.43)

Asymptotic Linear-by-Linear Association Test: P < 0.001. OR: Odds ratio; CI: Confidence interval; NCI: National Cancer Institute.

[7]

been identified and implicated in the development
[4]
of CRC . It is often observed that CRC has a slower
development in most cases via the adenoma-carcinoma
sequence, which can take years. The estimated annual
transition rates in both men and women from the
advanced neoplasia to CRC was about 2.5%-3% among
the groups of 55-64 years and about 5% to 5.5% in
age groups of 70-79 years. This slower development
gives physicians the potential for reducing the burden of
the disease by early detection and subsequent removal
of adenomas thereby haltering progression to CRC.
Studies relate a 53% reduction in mortality due to CRC
when adenomas are identified and removed during
[9]
colonoscopy .
Adenomas that are greater than 1 cm, contain
a substantial (> 25%) villous component, or have
high-grade dysplasia are commonly referred to as
advanced adenomas and carry an increased cancer
[10]
risk . However, a recent meta-analysis reported
inconsistencies in detecting advanced adenomas
[11]
based on size . These discrepancies are due to a
lack of standard methods for estimating adenoma
size and the inter-observer variability and different
[12-13]
pathology measurements
. It was seen that the
utilization of an open biopsy forceps reported precise
[14]
measurement only 37% of the time . Sometimes the
polyps are removed piecemeal and often break during
[2]
collection . Therefore, accuracy based on size in not
reliable and should be used with caution for surveillance
colonoscopies.
[2]
Calderwood et al revealed that there in incon
sistent association of villous histology of polyps and
risk of advanced neoplasia in different studies. In
contrast to European and United States guidelines, the
British guidelines doesn’t include advanced neoplastic
features of polyps for recommendations of surveillance
[2]
colonoscopies . Based on this the British guidelines
recommended one year follow up for 5 small adenomas
or 3 adenomas if one is ≥ 10 mm in size vs 3 years in
European and United States guidelines for patients with
≥ 3 adenomas or any adenoma ≥ 10 mm size or with
[15-17]
high grade dysplastic features or villous histology
.
Due to these reasons and inconsistencies, we did not
include advanced adenomas in our analysis.
[4]
In 2009, Freedman et al developed the CRC risk
assessment tool for white men and women without
known susceptibility. This model was validated by Park
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et al with recommendation that the model has a
modest discriminatory power for the assessment of an
individual’s risk of CRC.
More than 50 proposed risk scores for colon cancer
that have the potential to identify individuals at high
[18]
risk . A recent systematic review showed there is
no clear improvement in discrimination as increasing
numbers of variables are added to the risk assessment
[19]
tools . The two most commonly used and validated
scores are the Cleveland Clinic test and the NCI test;
which are both self-completed questionnaire. The
Cleveland clinic test can only provide a suggested
10-year risk assessment, whereas the NCI test provides
a 5-year and lifetime risk as well. Because the NCI tool
has been subjected to external validation and because
the predictors included in other risk scores are often a
subset of the NCI tool’s multiple predictors, we designed
this study to explore the NCI tool.
We recommend the use of this score to help
the patient in an informed decision-making; with
patients having a higher NIH score should opt for
the colonoscopy as compared to other available
modalities. This is because colonoscopy has the
additional advantage of clearing the colon of polyps and
detecting cancerous lesions early in these patients. It
also saves the time and cost of doing other tests which
ultimately may require colonoscopy in such group of
[20-22]
patients
. As the higher score is consistent with ≥ 3
AP, it is reasonable to screen with colonoscopy to detect
synchronous lesions throughout the entire colon.
It has been suggested by many studies that for
adequate adenoma detection, the withdrawal time
[10-11]
should be at least 6-9 min on average
. Preferably,
an average withdrawal time for normal colonoscopies
of 9 min is essential of adenoma detection. A higher
adenoma (33.6%) detection rate was observed with
withdrawal time of 9 min as compared to a lower
adenoma (23.8%) detection rate with withdrawal time
[12]
of 6 min . We recommend that in patients having a
higher NCI risk score, a higher withdrawal time should
be used as it will increase the yield of adenomas and
decrease the future risk of CRC in these patients.
[23]
Sanduleanu et al
defined interval CRC (iCRC) as
“colorectal cancer diagnosed after a colorectal screening
examination or test in which no cancer is detected,
and before the date of the next recommended exam”.
Various factors contribute towards the development
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of patients, and have relatively poor discrimination or are not validated and/or
published. Therefore, it is needed to developed tools which help predict future
risk of CRC more specifically.

of iCRC which include, missed lesions, incomplete
[24]
polypectomy or rapid progression . We suggest that
the use of NCI score should be incorporated in clinical
practice to make a decision about the duration before
next colonoscopy to help decrease the incidence
of interval CRC, though this has to be validated in
[25]
prospective trials .
There are a few limitations of our study. It’s a
retrospective study mainly on minority group of
patients. Majority of our study patient population
included Hispanics and African Americans and a small
number of Asians and white Americans. Therefore, it’
s unclear whether generalizability to the more diverse
United States population will be effective.
We didn’t estimate the CRC risk based on the effect
of location (proximal versus distal) of adenomas in this
study. It is mentioned in previous studies that proximal
lesions have a greater risk of adenoma detection as
compared to the distal ones. These important clinical
strategies need to be designed based on the location of
[26]
the adenomas .

Research objectives

National Cancer Institute Colorectal Cancer Risk Assessment tool provides
5-year, 10-year and lifetime estimates and currently helps predict lifetime CRC
risk. We conducted this study with the aim of evaluating the NCI Colorectal
Cancer Risk Assessment Tool as a predictor of the presence of adenomatous
polyps found during screening or surveillance colonoscopy.

Research methods

This is a retrospective single center observational study over a period of 6 mo
duration. The data was collected from the electronic medical records of patients
and tabulated in Microsoft Excel. Findings at colonoscopy were extracted
from final procedure reports, and pathology information was extracted from
final pathology reports. Asymptomatic patients between 50 and 80 years old,
undergoing colonoscopy were included in the study population. Patients who
met the above criteria were interviewed over the phone, and their lifetime NCI
CRC Risk-Assessment Tool score was calculated. The predictors included in
the NCI CRC Risk-Assessment Tool are number of relatives with CRC, body
mass index, servings of vegetables per day, aspirin and nonsteroidal antiinflammatory drug use, usual number of cigarettes smoked per day and years
of smoking in current and former smokers, prior negative sigmoidoscopy
and/or colonoscopy, polyp history and current vigorous leisure time activity
etc.The authors in original paper estimated 10-year and 20-year CRC risks.
This tool is available on the Internet and provides 5-year, 10-year and lifetime
estimates. We used the predicted lifetime CRC risk. The data on the presence
of adenomatous polyps and the numbers in each colonoscopy were collected.

Conclusion and recommendations

In the last two decades, screening and surveillance
colonoscopy guidelines implementation has remarkably
decreased the CRC incidence and mortality. Our study
intends to further decrease the morbidity and mortality
associated with CRC.
Therefore, we recommended prospective trials to
validate our hypothesis in a larger and heterogeneous
population group with more diverse racial and ethnic
backgrounds. This will help characterize the risk of
future CRC risk and AP based on NCI score and assist
the patients and provider decision-making about timing
and mode of screening.
Patients with the higher NCI risk score have higher
risk of AP and subsequent CRC; therefore, measures
to increase the effectiveness of CRC detection in these
patients include longer withdrawal, early surveillance,
and choosing colonoscopy over other CRC screening
modalities.

Research results

After data analysis, it was noticed that the prevalence of AP increased
progressively through the five quintiles of risk scores: 27.63% in the first and
lowest quintile, 33.53% in the second quintiles, 46.31% in the third quintiles,
52.21% in the fourth quintile, and 51.35% in the fifth and highest quintile. The
odd ratios (ORs) of AP prevalence in the third quintile compared to the first and
second quintile were 2.26 (CI: 1.40-3.65) and 1.71 (CI: 1.08-2.70). The ORs of
AP prevalence in the fourth quintile compared to the first and second quintile
were 2.86 (CI: 1.75-4.67) and 2.16 (CI: 1.36-3.45). Youden’s Index indicated
the optimal risk score cutoff value discriminating AP prevalence status was
3.60 based on data on all patients. The percentage of AP prevalence patients
was smaller for patients with risk score lower than 3.6 compared to the patients
with risk score 3.6 and above (30.8% vs 52.7%, P < 0.001). The percentage of
patients having three and more adenomas is smaller for patients with risk score
less than 3.6 compared to patients with risk score 3.6 and above (4.8% vs
14.6%, P < 0.001).

Research conclusions

According to this study, patients with the higher NCI risk score have higher
risk of AP and subsequent CRC. Our findings propose that patients who are
categorized as high risk according to the NCI CRC risk assessment tool should
undergo colonoscopy for the screening of CRC. Our study also revealed that
the NCI CRC risk assessment tool can predict about the presence of AP, in
addition to the lifetime risk of CRC. In these high risk patients, the measures
to increase the effectiveness of CRC detection in these patients include
longer withdrawal time, early surveillance colonoscopy, and choosing flexible
colonoscopy over other CRC screening modalities. This study characterized
the risk of future CRC risk and AP based on NCI score and will assist the
patients and providers with informed decision-making about timing and mode of
screening.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Colorectal cancer (CRC) is the third most common cancer diagnosed in men
and women in the United States. The lifetime risk for developing CRC is 1 in
22 for men and 1 in 24 for women. Estimates for new cases of CRC amount to
140000 yearly, and approximately 50000 people will die of CRC in 2018 alone.
CRC arises from colonic polyps, specifically ‘adenomas’, which result from
either a sporadic mutation or a DNA mismatch repair within the mucosal lining
of the intestine. Adenomas may grow and progress from low-grade dysplasia to
high-grade dysplasia, to carcinoma-in-situ and eventually invasive carcinoma.
It is there essential to diagnose the pre-cancerous and cancerous lesions are
earlier stage.

Research perspectives

In the last two decades, screening and surveillance colonoscopy guidelines
implementation has remarkably decreased the CRC incidence and mortality.
Our study was conducted to further decrease the morbidity and mortality
associated with CRC. The tool can be used to predict the risk of future CRC
and AP and therefor can assist the patients and providers with informed
decision-making about timing and mode of screening. To further validate the

Research motivation

Due to the financial and social impact of CRC on society, it is imperative to
quantitatively assess the risk of developing CRC in individuals. Many tools
are widely available that help calculate future risk of CRC, however they tend
to be limited to specific patient groups, or be based on selected populations
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results of our study, there is a need to conduct prospective trials in a larger
and heterogeneous population group with more diverse racial and ethnic
backgrounds and involving multiple center.
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AIM
To provide a clear understanding of viral hepatitis epide
miology and their clinical burdens in Somalia.
METHODS
A systematic review and meta-analysis was conducted
as Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines. A comprehensive
literature search of published studies on viral hepatitis
was performed from 1977-2016 in PubMed, Google
Scholar, Science Direct, World Health Organization
African Index Medicus and the Africa Journals Online
databases, as well as on the Ministry of Health website.
We also captured unpublished articles that were not
available on online systems.
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RESULTS
Twenty-nine studies from Somalia and Somali immi
grants (United Kingdom, United States, Italy, Libya)
with a combined sample size for each type of viral
hepatitis [hepatitis A virus (HAV): 1564, hepatitis
B virus (HBV): 8756, hepatitis C virus (HCV): 6257,
hepatitis D virus (HDV): 375 and hepatitis E virus (HEV):
278] were analyzed. The overall pooled prevalence
rate of HAV was 90.2% (95%CI: 77.8% to 96%). The
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HAV prevalence among different age groups was as
follows: < 1 year old, 61.54% (95%CI: 40.14% to
79.24%); 1-10 years old, 91.91% (95%CI: 87.76% to
94.73%); 11-19 years old, 96.31% (95%CI: 92.84%
to 98.14%); 20-39 years old, 91.3% (95%CI: 83.07%
to 95.73%); and > 40 years old, 86.96% (95%CI:
75.68% to 93.47%). The overall pooled prevalence of
HBV was 18.9% (95%CI: 14% to 29%). The overall
pooled prevalence among subgroups of HBV was
20.5% (95%CI: 5.1% to 55.4%) in pregnant women;
5.7% (95%CI: 2.7% to 11.5%) in children; 39.2%
(95%CI: 33.4% to 45.4%) in patients with chronic
liver disease, including hepatocellular carcinoma (HCC);
7.7% (95%CI: 4.2% to 13.6%), 12.4% (95%CI: 6.3%
to 23.0%) and 11.8% (95%CI: 5.3% to 24.5%) in
age groups < 20 years old, 20-39 years old and > 40
years old, respectively. The HBV prevalence among
risk groups was 20% (95%CI: 7.19% to 44.64%)
in female prostitutes, 21.28% (95%CI: 7.15% to
48.69%) in hospitalized adults, 5.56% (95%CI: 0.99%
to 25.62%) in hospitalized children, 60% (95%CI:
31.66% to 82.92%) in patients with acute hepatitis,
33.55% (95%CI: 14.44% to 60.16%) in patients with
ancylostomiasis, 12.34% (95%CI: 7.24% to 20.26%) in
patients with leprosy and 20.19% (95%CI: 11.28% to
33.49%) in schistosomiasis patients. The overall pooled
prevalence of HCV was estimated as 4.84% (95%CI:
3.02% to 7.67%). The prevalence rates among blood
donors, risk groups, children and patients chronic liver
disease (including HCC) was 0.87% (95%CI: 0.33%
to 2.30%), 2.43% (95%CI: 1.21% to 4.8%), 1.37%
(95%CI: 0.76% to 2.46%) and 29.82% (95%CI:
15.84% to 48.98%), respectively. The prevalence
among genotypes of HCV was 21.9% (95%CI: 15.36%
to 30.23%) in genotype 1, 0.87% (95%CI: 0.12%
to 5.9%) in genotype 2, 25.21% (95%CI: 18.23%
to 33.77%) in genotype 3, 46.24% (95%CI: 37.48%
to 55.25%) in genotype 4, 2.52% (95%CI: 0.82% to
7.53%) in genotype 5, and 1.19% (95%CI: 0.07% to
16.38%) in genotype 6. The overall pooled prevalence
of HDV was 28.99% (95%CI: 16.38% to 45.96%). The
HDV prevalence rate among patients with chronic liver
disease, including HCC, was 43.77% (95%CI: 35.09%
to 52.84%). The overall pooled prevalence of HEV was
46.86% (95%CI: 5.31% to 93.28%).

Core tip: This is the first article reviewing epidemiology
of viral hepatitis in Somalia with systematic review and
meta-analysis of the published and unpublished reports
from 1977 to 2016 among prevalence of all types’ viral
hepatitis in Somalia.
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INTRODUCTION
Viral hepatitis is a major public health problem affecting
several hundred million people globally. The most
common types of viral hepatitis are six distinct types
that have been identified as hepatitis A, B, C, D, E, G
viruses, and they may present in acute form or chronic
form, which causes substantial morbidity and mortality,
including chronic hepatitis, cirrhosis and hepatocellular
carcinoma. The World Health Organization (WHO)
estimates that 257 million people worldwide are
infected with hepatitis B virus (HBV), which constitutes
.
3.5% of the population Africa has the second-largest
number of chronic HBV carriers after the Western Pacific
regions. Both regions are considered of high endemicity,
and the prevalence rate of each region was 6.1% and
6.2%, respectively. It is estimated that approximately
71 million people were living with hepatitis C virus
(HCV) infection, which accounts for 1% of the world’
s population, in 2015. The regions with the highest
prevalence of HCV were the eastern Mediterranean
region (2.3%) and the European region (1.5%), while
the prevalence in Africa was 1.0%. Hepatitis D virus
(HDV) affects nearly 15 million people, and hepatitis E
virus (HEV) annually infects 20 million people, with over
3.3 million symptomatic cases of hepatitis E and 44600
[1]
hepatitis E-related deaths being recorded Hepatitis
E is one of the leading causes of major outbreaks of
acute viral hepatitis worldwide, especially in developing
[2]
nations . Hepatitis A virus (HAV) infection spans the
entire world, with specifically high prevalence rates in
[3]
older children and adults .The number of deaths from
viral hepatitis has increased from 1.10 million deaths in
2000 to 1.34 million deaths in 2015 compared to deaths
from tuberculosis (from 1.67 to 1.37 million deaths),
malaria (from 0.86 to 0.44 million deaths) and human
Immunodeficiency virus (from 1.46 to 1.06 million
deaths) between 2000 and 2015. Approximately 96%
of these deaths resulted from complications of chronic
HBV (66%) and HCV (30%), although hepatitis E and
HAV infections accounted for 3.3% and 0.8% of these
[1]
deaths, respectively . HBV (887000 deaths) accounts
for more deaths than HCV infection (399000 deaths),

CONCLUSION
Our study demonstrates a high prevalence of all forms
of viral hepatitis in Somalia and it also indicates that
chronic HBV was the commonest cause of chronic
liver disease. This highlights needs for urgent public
health interventions and strategic policy directions to
controlling the burden of the disease.
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B virus; Hepatitis C virus; Hepatitis D virus; Hepatitis E
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Data sources and search strategy

while complications of both viruses (HBV and HCV) and
cirrhosis (720000 deaths) account for more deaths than
[1]
hepatocellular carcinoma (470000 deaths) .
In Somalia, viral hepatitis, especially HBV, is of
significant public health importance. Somalia is an area
of the world with a high prevalence HBV infection of >
8. There are several studies of the prevalence of HAV,
HBV, HCV, HDV, and HEV in Somalia; however, to the
best of our knowledge, there is no meta-analysis to
provide an overall estimation of the prevalence of all
viral hepatitis infections in this country. A recent report
[4]
explored the reasons for such a dearth of data . In
Somalia, largely due to the unsettling decades-long civil
war, medical staffs are underqualified and undertrained,
and limited access to modern laboratory facilities
[4]
poses substantial diagnostic challenges . Somalia is
considered to be a country that has no national strategy
for the surveillance, prevention and control of viral
[5]
hepatitis . The provision of high-quality epidemiological
data for viral hepatitis in Somalia could help motivate
the drafting of action at the policy level. To synthesize
such high-quality epidemiological estimates, we decided
to undertake this systematic review and meta-analysis
of studies that reported the population-level prevalence
of each type of viral hepatitis (A, B, C, D and E) in
Somalia. We also aimed to understand the burden of
viral hepatitis in Somalia, especially HBV and HCV, and
to inform public health practitioners, researchers and
policy makers.

We conducted an electronic literature search in several
biomedical databases, including PubMed, Google Scholar,
African Journal Online, WHO African Index Medicus and
Science Direct, using different combinations of key words.
The search encompassed published and unpublished
studies from 1977 to 2016 with epidemiological and/or
clinical data on the seroprevalence of viral hepatitis in
Somalia. The key words used were as follows: [“hepatitis
A” AND (seroprevalence OR prevalence) AND “Somalia”],
[“hepatitis B” AND (seroprevalence OR prevalence)
AND “Somalia”], [“hepatitis C” AND seroprevalence
OR prevalence) AND “Somalia”], [“hepatitis D” AND
(seroprevalence OR prevalence) AND “Somalia”],
[“hepatitis E” AND (seroprevalence OR prevalence) AND
“Somalia”]. We also reconducted the search using full
written phrases, such as “Viral hepatitis”, “hepatitis A”,
“hepatitis B” or “hepatitis B surface antigen”, “hepatitis C”,
“hepatitis D”, “hepatitis E”, “epidemiology”, and “Somali
immigrants.” We searched unpublished studies from
other sources, such as universities and the website of the
Ministry of Health (http://www.moh.gov.so/en/) for nonindexed studies or reports on the topic. The statement
was reviewed systemically following the Preferred
Reporting Items for Systematic Reviews and Meta[9]
Analyses (PRISMA) guidelines . If the full text of studies
were not reachable, we contacted the authors by email.

Study selection, inclusion and exclusion criteria

In this systematic review, we considered all studies
published in peer-reviewed journals between 1977
and 2016, and unpublished primary data of each type
of viral hepatitis in Somalia qualified for inclusion in
[9]
the review, according to the PRISMA flow diagram ,
which excludes case reports, systematic reviews, case
series editorials, letters to the editor, commentaries,
magazines, newspaper reports/articles and studies of
other Somali ethnicities living in neighboring countries
published in peer-reviewed journals. The titles and
abstracts were screened for relevance, and full-text
papers considered relevant for further screening were
obtained wherever possible. The references of all
identified full-text articles and reviews of the literature
were also checked to identify whether there were any
additional articles that were missed during screening.
For the study selection of this systematic review, we
sub-analyzed all articles according to population subgroups, such as blood donors, pregnant women,
children, and patients with chronic liver disease and
in the general population. These subgroups were
examined with no age restriction. For other populations,
the age restrictions imposed were children, defined as
those 12 years of age and below, and adults, defined
those 18 years of age and above. The search language
was restricted to English. The studies also included
Somali people who immigrated to Italy, the United
States, United Kingdom and Libya and were screened
for hepatitis viruses.

MATERIALS AND METHODS
Study area

Somalia is located along the Gulf of Aden and Indian
Ocean in the sub-region of East Africa, and it is bordered
by Djibouti and the Gulf of Aden to the north, the
Indian Ocean to the east, Kenya to the southwest and
Ethiopia to the west. Somalia has the longest coastline
2
in Africa. It has a land mass of 637657 km and a
population of approximately 12 million, 61% of whom
live in rural areas. Life expectancy at birth in 2015 was
[6]
49 years for males and 54 years for females . The
country is divided into eighteen administrative regions
and 92 districts. Seventy-one percent of the Somali
labor force is in agriculture, and almost everyone living
in rural areas is involved in livestock or in farming. The
per-capita total health expenditure, as a percentage
of gross domestic products, was not mentioned in
World Bank estimations. The proportion of Somalia’
s population living below the poverty line has not
been published to date, but the country was the fifthpoorest country of the world according the World Bank
[7]
in 2016 . According to the United Nation, the Human
Development Index of Somalia stood at 0.285, and the
th
[8]
country ranked 165 out of 170 countries in 2012 .
The country entered into a civil war in 1991, and many
major structures collapsed, including the health sector
and especially the public sectors.
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Data extraction

Somalia (among Somali immigrants, Figure 1).

For the data extraction, the two investigators, HassanKadle MA and Mugtaba SO, independently applied the
inclusion criteria selected the studies and extracted
the data. The extracted data included the following
descriptive information: author(s), publication year,
country of study (because some studies were conducted
among Somali populations outside of Somalia), total
sample size, and cases of each type of viral hepatitis in
each study.

Epidemiology of HAV

Hepatitis A is a liver disease caused by HAV, and it
occurs worldwide. This virus thus creates a public
health concern, primarily in developing countries,
due to its persistent circulation in the environment.
Among the studies presented in Somalia, more than
90% of children had the HAV antibody by the age of 4
[15-19]
years
. In 1992, Mohamud KB and his colleagues
studied a Somali sample of 593 subjects who were
healthy rural and urban volunteers and child outpatients
ages 0-83 years in three villages in Somalia (Mogadishu
area: Buur-Ful village; Jowhar District: Mooda Moode;
and Bur-Hakaba District and Bajuni Islands: Kismaio
District). This sample showed a very high rate of
[15]
HAV exposure of approximately 90% . Another
[16]
study by Bile et al
conducted at two institutions for
children in Somalia (Shebeli: 596 subjects and Societe
Organization Sociale, SOS: 76 subjects) showed a
very high rate of HAV in the two samples of 96% and
59%, respectively. One study indicated that HAV in
Somalia occurs primarily between 4 mo to 4 years
of age, because the child has passive immunity from
[17]
maternal antibodies during the first 3 mo of life .
[18]
Sebastiani et al
presented a result of 90.6%. Another
study conducted in Italy for immigrant communities,
which included 213 subjects, mostly originating from
Somalia (177 or 83%), Ethiopia (21 or 10%), and
Djibouti, Egypt and Saudi Arabia, showed a very high
prevalence of HAV of 96%, including children (87.5% of
[19]
children were under 12 years) .These reports of antiHAV prevalence rates across the 4 studies ranged from
[15-19]
59.2% to 96%
, as shown in Table 1. Four studies
met the inclusion criteria for the meta-analysis of the
prevalence of HAV infection. The four studies included
examined the prevalence of HAV infection in the total of
1564 Somali participants, and the quality of the included
studies also varied. We used the extracted data of the 4
studies to quantify the overall pooled prevalence of HAV
infection. The pooled effect size for the prevalence of
HAV infection among Somali people was 90.2% (95%CI:
2
77.8% to 96%). The heterogeneity was high (I =
95.6%, 95%CI: 92.2% to 97.5%). Another indication
of high heterogeneity was the Q-statistic [Q (degrees of
freedom = 4) = 90.31, P value < 0.001]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CIs, as shown in Figure 2.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 3). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill proce
dure for the detection of publication bias did not support
the possibility of missing studies from the analysis. The

Statistical analysis

Calculation of pooled prevalence: The prevalence
of viral hepatitis was extracted from every individual
observational study by dividing the number of patients
who tested positive over the total number included in
the study. The prevalence in each study was multiplied
by a weight inversely proportional to the total size
of the study sample. The pooled prevalence is the
sum of these weighted prevalence estimates in each
individual study. We used the R software statistical
packages “meta” and “metaphor” to calculate the
[10]
pooled prevalence (Viechtbauer et al ; Schwarzer
[11]
et al ). We chose to use a random effects model in
the meta-analysis because we expected considerable
heterogeneity among studies, due largely to the
different settings in which studies were conducted. To
compare the results, we included the results for a fixed
effects meta-analysis. We attempted a meta-regression
model by adjusting for the potential effect of the
[12]
country where the study was conducted .
Testing heterogeneity: Heterogeneity testing was
2
performed using the I and the Q statistic methods. We
2
interpreted the I statistic results as follows: 0%, no
observed heterogeneity; 25%, low; 50%, moderate;
and 75%, high heterogeneity. We choose the P value
= 0.05 as a cutoff for significant heterogeneity in
interpreting the results of the Q statistic.
Publication bias: We used the funnel plot method to
visually assess the studies by plotting the sample size
against the observed prevalence. We assumed that
smaller studies would vary more considerably around the
pooled estimate than the larger studies would. Objective
measures of the funnel plot symmetry were performed
using Duval and Tweedie’s trim and fill procedure (Duval
[13]
[14]
et al ) and Egger’s test (Egger et al ).

RESULTS
Search results

Our search yielded 504 citations, which were retrieved
in the literature review. After reviewing the abstracts
and titles, we excluded duplicates and irrelevant studies
after applying the exclusion criteria. A total of 29 articles
were included in this study and were analyzed. The
29 studies were conducted in Somalia and outside of
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Identification

Records identified through online and unpublished searches (n = 504)
AJOL (n = 1)
PubMed (n = 47)
Google Scholar (n = 17)
Science Direct (n = 437)
WHO Africa African Index Medicus (n = 0)
Minster of health, www.moh.gov.so/en/ (n = 0)
Unpublished source (n = 2)

Screening

Duplicates removed
(n =34)
Total records retrieved
(n =470)
Records excluded based
on titles
(n =426)

Eligibility

Articles assessed for eligibility
(n =44)

Included

Records excluded for the
following reasons:
(n =15)
Case report
No hepatitis prevalence
positivity data
Unrelated study objectives
Review article
Repeated publication
Studies included in review
(n =29)

Figure 1 Schematic flow diagram of the studies reviewed for inclusion in analysis.

the prevalence of HAV infection and examined the
prevalence of HAV infection in a total of 1488 Somali
participants belonging to 4 major age groups. The
quality of the included studies varied (Table 2).

Table 1 Hepatitis A virus of overall prevalence at Somali
population in Somalia and Somali immigrants n (%)
Author

Publication Total Hepatitis
year
A virus

Faustini et al[19]
Bile et al[16]
Bile et al[16]
Mohamud et al[15]
Sebastiani et al[18]

1994
1992
1992
1992
1984

213
596
76
593
86

204 (96)
572 (96)
45 (59.2)
534 (90)
78 (90.6)

Setting

Population

Italy
Somalia
Somalia
Somalia
Somalia

Immigrants
Local
Local
Local
Local

Pooled prevalence of HAV infection per age
group: We used the extracted data of the 4 studies to
quantify the overall pooled prevalence of HAV infection
in each age group.
One study was conducted on patients younger than
one year old. The pooled effect size for the prevalence
of HAV infection among Somali people aged less than
one year was 61.54% (95%CI: 40.14% to 79.24%).
The pooled effect size (out of 4 studies) for the
prevalence of HAV infection among Somali people
aged 1-10 years old was 91.91% (95%CI: 87.76%
2
to 94.73%). The heterogeneity was moderate (I =
59.9%). Another indication of moderate heterogeneity
was the Q-statistic [Q (degrees of freedom = 3) = 7.49].
The pooled effect size (out of 3 studies) for the
prevalence of HAV infection among Somali people
aged 11-19 years old was 96.31% (95%CI: 92.84%
2
to 98.14%). The heterogeneity was low (I = 26.5%).
Another indication of low heterogeneity was the
Q-statistic [Q (degrees of freedom = 2) = 2.72].
The pooled effect size (out of 2 studies) for the
prevalence of HAV infection among Somali people

effect size imputed was 87.6%, which was close to the
observed effect size. Notably, we could not perform
Egger’s test for the assessment of symmetry of the
funnel plot due to the small number of included studies.

Sub-analysis according to country/setting

The majority of the studies (n = 3) were conducted
in Somalia with a pooled prevalence of HAV of 88.1%
(95%CI: 71.1% to 95.7%) and high heterogeneity
2
(I = 96.3%). These studies are followed by 1 study
conducted in Italy, with a prevalence of HAV of 95.8%
(95%CI: 92.1% to 97.8%, Figure 4).

Age pattern of HAV infection

Characteristics of the studies included: All studies
met the inclusion criteria for the meta-analysis of

WJG|www.wjgnet.com

3931

September 14, 2018|Volume 24|Issue 34|

Hassan-Kadle MA et al . Viral hepatitis in Somalia: A meta-analysis
Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)

Faustini A 1994

204

213

0.96

[0.92, 0.98]

7.8%

19.3%

Bile K 1992

572

596

0.96

[0.94, 0.97]

20.9%

20.5%

Bile K 1992

45

76

0.59

[0.47, 0.70]

16.6%

20.3%

534

593

0.90

[0.87, 0.92]

48.1%

20.9%

78

86

0.91

[0.82, 0.96]

6.6%

19.0%

1564

0.90

[0.88, 0.91]

100%

-

0.90

[0.78, 0.96]

-

100%

Mohamud KB 1992
Sebastiani A 1984
Fixed effect model
Random effects model
2

2

Heterogeneity: I = 95.6%, tau = 1.138, P < 0.0001
0.5

0.6

0.7

0.8

0.9

Figure 2 Meta-analysis and forest plot presentation of the anti-hepatitis A virus antibody from 1984 to 1994.
[20,21]

than 8%
. The first study of HBV in the country was
conducted in 1977, in which Delia S and his colleagues
were presented with a higher frequency of HBsAg
among patients with ancylostomiasis (33.33%) and
with urinary schistosomiasis (25.92%) than among
leprosy patients (9.67% in the L type and 6.89% in
the T type), and the overall prevalence among these
patients was shown to be high, with 76.1% (118/155)
being observed among patients who were HBsAg
positive and 11.11% of the controls. In the leprosy
patients with schistosomiasis, the frequency was
[22]
40.0% . Another study conducted in 1978 showed
that HBsAg was found in 14.8%of these patients (54
cases), while the frequency was 34.0% among controls
(47 cases). However, the overall prevalence in this
[23]
study was 23.7% (77/101) .
[24]
In 1979, Nuti et al
studied 222 Somalian patients
with the lepromatous form of leprosy (LL; n = 135
patients) and the tuberculoid form of the disease
(TT; n = 87 patients) for HBV markers. The results
showed that the proportion of leprosy and tuberculoid
patients presenting with HBsAg was 24.4% (54/222)
and 11.5% (26/222), respectively, but the overall
prevalence of HBsAg-positive patients in this article
[24]
was 36% (80/222) . Another study published in this
year revealed that among patients with acute viral
hepatitis who were tested for the presence of HBsAg
and the e-antigen and its corresponding antibodies,
HBsAg was found in 60% of patients with hepatitis and
34% of controls, and the overall prevalence of HBsAg[25]
positive patients was 48% (49/102) . Nuti M and his
colleagues also found that 14% (22/157) of patients
were HBsAg-positive for the overall prevalence of their
study, but in patients with bladder schistosomiasis and
in controls, the prevalence was 19.4% (13/67) and
[26]
10% (9/90), respectively .
In 1985, a study conducted in three different villages
of Somalia found that 12.08% (40/331) of subjects
aged 1-83 years were HBsAg-positive, 29.9% were antiHBs-positive, 43.8% were anti-HBc-positive, 21.4%
were anti-HBe-positive, and the overall prevalence in
this study was 12% (46/383) of subjects, including
those under one year of age. Among the HBsAg-positive
subjects, 34.7% were HBeAg-positive and 21.7% had
[27]
anti-HBcAg-IgM . A survey study in 1987 of HBV

Standard error

0.0

0.1

0.2

0.3

0.5

1.0

1.5

2.0

2.5

3.0

Logit transformed proportion

Figure 3 Bias assessment plot of studies reporting of hepatitis A virus
prevalence in Somalia from 1984 to 1994.

aged 20-39 years old was 91.3% (95%CI: 83.07%
2
to 95.73%). The heterogeneity was moderate (I =
46.3%). Another indication of heterogeneity was the
Q-statistic [Q (degrees of freedom = 1) = 1.86].
The pooled effect size (out of 2 studies) for the
prevalence of HAV infection among Somali people
aged over 40 years old was 86.96% (95%CI: 75.68%
2
to 93.47%). The heterogeneity was low (I = 0%).
Another indication of low heterogeneity was the
Q-statistic [Q (degrees of freedom = 1) = 0.36]. The
result of this analysis is presented in the forest plot
showing the effect sizes for the individual original
studies and their 95%CI, as shown in Figure 5.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 6). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, the Duval and Tweedie’s trim and fill
procedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 88.56%, which
was not widely different from the observed effect size.

Epidemiology of HBV

Somalia is classified among countries as having a high
hepatitis B surface antigen (HBsAg) endemicity of more
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Table 2 Age pattern of hepatitis A infection
Author/Publication year

Total

Cases

Total

Healthy

Serology

0-11 mo

Age group

Mohamud et al 1992[15]

52

32

52

20

Anti-HAV

1-11 yr

Mohamud et al 1992[15]
Sebastiani et al 1984[18]
Faustini et al 1994[19]
Bile et al 1992[16]
Total

189
35
213
234
723

176
33
186
220
647

189
35
213
234
723

13
2
27
14
76

Anti-HAV
Anti-HAV
Anti-HAV
Anti-HAV
Anti-HAV

11-19 yr

Mohamud et al 1992[15]
Sebastiani et al 1984[18]
Bile et al 1992[16]
Total

62
21
362
445

58
20
353
431

62
21
362
445

4
1
9
14

Anti-HAV
Anti-HAV
Anti-HAV
Anti-HAV

20-39 yr

Mohamud et al 1992[15]
Sebastiani et al 1984[18]
Total

164
19
183

153
16
169

164
19
183

11
3
14

Anti-HAV
Anti-HAV
Anti-HAV

40+ yr

Mohamud et al 1992[15]
Sebastiani et al 1984[18]
Total

126
11
137

111
9
120

126
11
137

15
2
17

Anti-HAV
Anti-HAV
Anti-HAV

HAV: Hepatitis A virus.

Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)

Bile K 1992

572

596

0.96

[0.94, 0.97]

22.6%

25.4%

Bile K 1992

45

76

0.59

[0.47, 0.70]

18.0%

25.2%

534

593

0.90

[0.87, 0.92]

52.2%

25.9%

78

86

0.91

[0.82, 0.96]

7.1%

23.6%

1351

0.89

[0.87, 0.91]

100%

-

0.88

[0.71, 0.96]

-

100%

Mohamud KB 1992
Sebastiani A 1984
Fixed effect model
Random effects model
2

2

Heterogeneity: I = 96.3%, tau = 1.215, P < 0.0001
0.5

0.6

0.7

0.8

0.9

Figure 4 Forest plot of hepatitis A virus prevalence rates for studies conducted in Somalia from 1984 to 1992.
[29]

epidemiology was carried out among 383 adults from
different areas of Somalia and in 135 pregnant women
and 428 children from Mogadishu. The study showed
a high incidence of HBsAg among nomadic males
20/85; (23%) and a lower incidence among males
from agricultural and coastal areas, i.e., 16/93 (17%)
and 14/98 (14%), respectively. Meanwhile, the lowest
frequency of HBsAg was observed among women from
coastal areas (6/72; 8%) and among pregnant women
(14/135; 10.4%), none of whom had HBeAg. However,
a low number of children were HBsAg-positive, both
under 4 years old (3/94; 3%) and 4-13 years of age
(5/128; 4%). In the 15-19 age group, 50% of subjects
showed seroconversion from HBeAg to anti-HBe. A total
of 7 out of 41 HBsAg carriers aged over 20 had HBeAg,
while the overall prevalence of 8.2% (78/946) was
[28]
HBsAg-positive .
In 1987, Jama H and his colleagues conducted a
study of sexual transmitted diseases among varied
population groups, and these diseases were detected in
22.4% (49/218) of subjects in the overall populations,
including 37% of pregnant women, 4% of neonates,

WJG|www.wjgnet.com

22% of educated women and 20% of prostitutes .
Another study in the country showed that 50% (52/104)
[30]
of subjects was HBsAg-positive . In 1989, a total
of 1138 subjects with HBsAg were examined from
different regions of Somalia; the results showed that
[31]
19.3% (220/1138) of subjects were HBsAg-reactive .
Bile KM and his colleagues conducted a case-control
study that detected that 28.8% (67/232) of the overall
prevalence was HBsAg subjects, including cases and
[32]
control groups .
A total of 256 serum samples collected from blood
donors (157 subjects) and hospitalized children (42
subjects) and adults (57 subjects) in Mogadishu
were examined. The results showed that among 198
samples tested, the HBsAg carrier rate was 19.1%
(22/115), 5.6%(2/36) and 21.3% (10/47) among
blood donors, hospitalized children and hospitalized
adults, respectively, but in the overall prevalence,17.1%
[33]
(34/198) were positive for HBsAg .
The prevalence calculation carried out by Mohamud
KB and his colleagues indicated that 10.5% (134/1272)
[15]
of subjects were positive for HBsAg . Another study
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Study

Events

Total

Proportion

95%CI

W (random)

Age.Group = 0 to 1 year
Mohamud KB 1992

32

52

0.62

[0.47, 0.75]

9.9%

52

0.62

[0.40, 0.79]

9.9%

176

189

0.93

[0.89, 0.96]

9.9%

33

35

0.94

[0.81, 0.99]

6.1%

Faustiani A 1994

186

213

0.87

[0.82, 0.91]

10.4%

Bile K 1992

220

234

0.94

[0.90, 0.97]

9.9%

671

0.92

[0.88, 0.95]

36.3%

Random effects model
Heterogeneity: not applicable for a single study
Age.Group = 0 to 10 years
Mohamud KB 1992
Sebastiani A 1984

Random effects model
2

2

Heterogeneity: I = 59.9%, tau = 0.1155, P = 0.0579
Age.Group = 11 to 19 years
Mohamud KB 1992

58

62

0.94

[0.84, 0.98]

7.9%

Sebastiani A 1984

20

21

0.95

[0.76, 1.00]

4.2%

353

362

0.98

[0.95, 0.99]

9.5%

445

0.96

[0.93, 0.98]

21.6%

153

164

0.93

[0.88, 0.97]

9.7%

16

19

0.84

[0.60, 0.97]

6.9%

183

0.91

[0.83, 0.96]

16.6%

111

126

0.88

[0.81, 0.93]

10.0%

9

11

0.82

[0.48, 0.98]

5.7%

137

0.87

[0.76, 0.93]

15.7%

1488

0.91

[0.85, 0.94]

100%

Bile K 1992
Random effects model
2

2

Heterogeneity: I = 26.5%, tau = 0.1155, P = 0.2563
Age.Group = 20 to 39 years
Mohamud KB 1992
Sebastiani A 1984
Random effects model
2

2

Heterogeneity: I = 46.3%, tau = 0.1155, P = 0.1723
Age.Group = 40+
Mohamud KB 1992
Sebastiani A 1984
Random effects model
2

2

Heterogeneity: I = 0%, tau = 0.1155, P = 0.5484
Random effects model
2

2

Heterogeneity: I = 84.2%, tau = 0.6468, P < 0.0001

Figure 5 Forest plot of hepatitis A virus infection prevalence rates according to age groups from 1984 to 1994.
[19]

3.2% (7/213) of subjects . Another study carried
out in the United Kingdom among Somali immigrant
communities showed that 5.6% (25/439) of subjects
[35]
were positive for HBsAg . Shire AM and his colleagues
conducted a study in the United States and found that
13.6% (151/1109) of their sample were positive for
[36]
HBsAg . Unpublished studies performed in the country
[37]
in 2011 and 2012 showed that 40.1% (59/147)
[38]
and 39.1% (61/156) of subjects, respectively, were
HBsAg reactive. A study in an immigrant community
mostly originating from Somalia showed that 6.2%
[39]
(31/500) of subjects had been detected with HBsAg .

0.0

Standard error

0.2
0.4
0.6
0.8
1.0
1

2

3

4

Logit transformed proportion

Figure 6 Bias assessment plot of studies reporting hepatitis A virus and
age groups.

Pooled prevalence of HBV infection

The reported HBsAg prevalence rates across the 23
studies ranged from 1.9% to 76%, as shown in Table
3. Additionally, the percentage of studies that reported
prevalence rates that exceeded 8% was 82.6% (19/23),
so we define this endemicity level of an area as high.
A total of 17.3% (4/23) of studies reported prevalence
rates of at least 8%. The 23 studies met the inclusion
criteria for the meta-analysis of the prevalence of
hepatitis virus infection and examined the prevalence

published in 1992 showed that 15.9% (95/596) of
subjects were HBsAg-positive in one institution at
[16]
Shabeli residence . In a case-control study published
in 1993, it was detected that 13.5% (29/124) of
subjects in the overall prevalence of both groups were
[34]
HBsAg-positive . In 1994, a study conducted in Italy
among immigrant communities detected HBsAg among

WJG|www.wjgnet.com
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Table 3 Summary of studies of included studies on the prevalence of hepatitis B viral infection in a Somali population in Somalia
and Somali immigrants (1977-2014) n (%)
No.

Author

Publication year

Total

HBsAg

Healthy

Setting

Population

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Padovese et al[39]
Kadle et al[38]
Shire et al[36]
Khadjio et al[37]
Aweis et al[35]
Nur et al[33]
Faustini et al[19]
Bile et al[34]
Bile et al[16]
Mohamud et al[15]
Bile et al[32]
Aceti et al[31]
Bile et al[40]
Aceti et al[30]
Jama et al[29]
Bile et al[28]
Sebastiani et al[27]
Nuti et al[26]
Nuti et al[25]
Nuti et al[24]
Nuti et al[23]
Delia et al[22]
Sebastiani et al[18]

2014
2012
2012
2011
2001
2000
1994
1993
1992
1992
1991
1989
1991
1991
1987
1987
1985
1979
1979
1978
1979
1977
1984

500
156
1109
147
439
198
213
124
596
1272
232
1138
158
104
218
946
383
102
157
101
222
155
86

31 (6.2)
61 (39.1)
151 (13.6)
59 (40.1)
25 (5.6)
34 (17.1)
7 (3.2)
29 (13.5)
95 (15.9)
134 (10.5)
67 (28.8)
220 (19.3)
3 (1.9)
52 (50)
49 (22.4)
78 (8.2)
46 (12)
49 (48)
22 (14)
24 (23.7)
80 (36)
118 (76.1)
11 (12.7)

469
95
958
88
414
164
206
95
501
1138
165
918
155
52
169
868
337
58
135
77
142
37
75

Italy
Somalia
United States
Somalia
United Kingdom
Somalia
Italy
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia
Somalia

Immigrants
Local
Immigrants
Local
Immigrants
Local
Immigrants
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local

HBsAg: Hepatitis B surface antigen.

of HBV infection in a total of 8756 Somali participants.
The quality of the included studies also varied. We used
the extracted data of the 23 studies to quantify the
overall pooled prevalence of HBV infection. The pooled
effect size for the prevalence of HBV infection among
Somali people was 18.9% (95%CI: 14% to 29%). The
2
heterogeneity was high (I = 97.6%, 95%CI: 96.2%
to 97.6%). Another indication of high heterogeneity
was the Q-statistic [Q (degrees of freedom = 22) =
726.17, P value < 0.001]. The result of this analysis
is presented in the forest plot showing the effect sizes
for the individual original studies and their 95%CI, as
shown in Figure 7.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 8). Notably, the total
number of studies was reasonable, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill proce
dure for the detection of publication bias did not support
the possibility of missing studies from the analysis.
The effect size imputed was 18.9%, which was notably
similar to the observed effect size. Furthermore, Egger’
s test for assessment of symmetry of the funnel plot
was not statistically significant (t = 0.6158, degrees
of freedom = 21, P-value = 0.5447), providing further
support for the absence of publication bias.

= 96.9%). These findings are followed by 2 studies
conducted in Italy, with a pooled prevalence of HBV
of 4.6% (95%CI: 1.4% to 14.2%) and moderate
2
heterogeneity (I = 58.9%). One study was conducted
in the United Kingdom, with a prevalence of HBV of
5.7% (95%CI: 1.1% to24.6%), and another study was
conducted in the United States, with a prevalence of
HBV of 13.6% (95%CI: 3.0% to 45.0%) (Figure 9).

Meta-regression analysis

Examining the effect of setting, significant variability
could be explained by meta-regressing the metaanalysis over the four settings: Italy, Somalia, the
United Kingdom, and the United States. Tests of
moderators indicated the following: coefficient(s) 2,
3, 4: QM (df = 3) = 10.5687, P-value = 0.0143. For
the prevalence results in Somalia compared to those
of Italy, the P value was 0.0056, and the estimate was
1.8193. For the United Kingdom and the United States,
the variability was not significantly different from that of
Italy (P value=0.8373 and 0.2608, respectively).

Sub-analysis according to the population

The majority of the studies (n = 19) were conducted on
the local population in Somalia with a pooled prevalence
of HBV of 23% (95%CI: 16.9% to 30.6%) and high
2
heterogeneity (I = 96.9%). The remaining 4 studies
were conducted on immigrants with a pooled prevalence
of HBV of 23.1% (95%CI: 17.0% to 30.5%) and high
2
heterogeneity (I = 92.8%) (Figure 10).

Sub-analysis according to country/setting

The majority of the studies (n = 19) were conducted
in Somalia, with a pooled prevalence of HBV of 23%
2
(95%CI: 16.9% to 30.6%) and high heterogeneity (I

WJG|www.wjgnet.com

Meta-regression analysis

Examining the effect of population, significant variability
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Study

Events

Total

Proportion

Padovese V 2014
MAH-Kadle 2012
Shire AM 2012
Khadjio H. 2011
Aweis D 2001
Nur YA 2000
Faustini A 1994
Bile K 1993
Bile K 1992
Mohamud KB 1992
Bile KM 1991

31
61
151
59
25
34
7
29
95
134
67

500
156
1109
147
439
198
213
124
596
1272
232

0.06
0.39
0.14
0.40
0.06
0.17
0.03
0.23
0.16
0.11
0.29

Aceti A 1989

220

1138

K. Bile 1991

3

158

Aceti A 1991

52

Jama H 1987

49

Bile K 1987

W (fixed)

W (random)

0.09]
0.47]
0.16]
0.49]
0.08]
0.23]
0.07]
0.32]
0.19]
0.12]
0.35]

2.7%
3.5%
12.2%
3.3%
2.2%
2.6%
0.6%
2.1%
7.5%
11.2%
4.5%

4.4%
4.5%
4.6%
4.4%
4.4%
4.4%
3.8%
4.4%
4.5%
4.6%
4.5%

0.19

[0.17, 0.22]

16.6%

4.6%

0.02

[0.00, 0.05]

0.3%

3.1%

104

0.50

[0.40, 0.60]

2.4%

4.4%

218

0.22

[0.17, 0.29]

3.6%

4.5%

78

946

0.08

[0.07, 0.10]

6.7%

4.5%

Sebastiani A 1985

46

393

0.12

[0.09, 0.16]

3.8%

4.5%

Nuti M 1979

49

102

0.48

[0.38, 0.58]

2.4%

4.4%

Nuti M 1979

22

157

0.14

[0.09, 0.20]

1.8%

4.3%

Nuti M 1979

80

222

0.36

[0.30, 0.43]

4.8%

4.5%

Nuti M 1978

24

101

0.24

[0.16, 0.33]

1.7%

4.3%

Delia S 1977

118

155

0.76

[0.69, 0.83]

2.6%

4.4%

11

86

0.13

[0.07, 0.22]

0.9%

4.0%

8756

0.19

[0.18, 0.19]

100%

-

0.19

[0.14, 0.25]

-

100%

Sebastiani A 1984
Fixed effect model
Random effects model
2

95%CI
[0.04,
[0.31,
[0.12,
[0.32,
[0.04,
[0.12,
[0.01,
[0.16,
[0.13,
[0.09,
[0.23,

2

Heterogeneity: I = 97%, tau = 0.7161, P < 0.0001

0.2

0.4

0.6

0.8

Figure 7 Forest plot of hepatitis B virus infection prevalence rates in Somalia in published and unpublished studies from 1977 to 2014.
0.0

Standard error

0.1
0.2
0.3
0.4
0.5
0.6

-4

-3

-2

-1

0

1

Logit transformed proportion

Figure 8 Bias assessment plot of studies reporting hepatitis B virus prevalence rate in Somalia from 1977 to 2014.

could be explained by meta-regressing the metaanalysis over the two population types: immigrants
and locals. Tests of moderators indicated the following:
coefficient 2: QM (df = 1) = 9.5448, P-val = 0.0020.
For the prevalence results of the local Somali population
compared to the immigrant population, the P value was
0.002, and the estimate was 1.4498.

4. The two studies met the inclusion criteria for the
meta-analysis of the prevalence of HBV infection during
pregnancy. The pooled effect size for the prevalence
of HBV infection during pregnancy among Somali
people was 20.5% (95%CI: 5.1% to 55.4%). The
2
heterogeneity was high (I = 93.7%). See Figure 11.

HBV infection in children

Pregnant women and HBV infection

A total of six studies showed HBV prevalence rates
[16,27-30,40]
between 0% to 16% among children
. See
Table 5. Six studies met the inclusion criteria for the
meta-analysis of the prevalence of HBV infection among
children. The pooled effect size for the prevalence of
HBV infection in Somali children was 5.7% (95%CI:

A total of 2 studies presented HBV prevalence rates
among pregnant women, and these studies showed
that 10.4% (14/135) of subjects were HBsAg[28]
positive , while the other study presented 37% (19/52)
[29]
of subjects as positive for HBsAg , as shown in Table

WJG|www.wjgnet.com
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Study

Events

Total

Setting = Italy
Padovese V 2014
31
500
Faustini A 1994
7
213
Random effects model
713
2
2
Heterogeneity: I = 58.9%, tau = 0.6972, P = 0.119
Setting = Somalia
MAH-Kadle 2012
Khadjio H. 2011
Nur YA 2000
Bile K 1993
Bile K 1992
Mohamud KB 1992

Proportion

95%CI

W (random)

0.06
0.03
0.05

[0.04, 0.09]
[0.01, 0.07]
[0.01, 0.14]

4.4%
3.8%
8.2%

61
59
34
29
95

156
147
198
124
596

0.39
0.40
0.17
0.23
0.16

[0.31,
[0.32,
[0.12,
[0.16,
[0.13,

0.47]
0.49]
0.23]
0.32]
0.19]

4.5%
4.4%
4.4%
4.4%
4.5%

134

1272

0.11

[0.09, 0.12]

4.6%

Bile KM 1991

67

232

0.29

[0.23, 0.35]

4.5%

Aceti A 1989

220

1138

0.19

[0.17, 0.22]

4.6%

K. Bile 1991

3

158

0.02

[0.00, 0.05]

3.1%

Aceti A 1991

52

104

0.50

[0.40, 0.60]

4.4%

Jama H 1987

49

218

0.22

[0.17, 0.29]

4.5%

Bile K 1987

78

946

0.08

[0.07, 0.10]

4.5%

Sebastiani A 1985

46

383

0.12

[0.09, 0.16]

4.5%

Nuti M 1979

49

102

0.48

[0.38, 0.58]

4.4%

Nuti M 1979

22

157

0.14

[0.09, 0.20]

4.3%

Nuti M 1979

80

222

0.36

[0.30, 0.43]

4.5%

Nuti M 1978

24

101

0.24

[0.16, 0.33]

4.3%

Delia S 1977

118

155

0.76

[0.69, 0.83]

4.4%

11

86

0.13

[0.07, 0.22]

4.0%

6495

0.23

[0.17, 0.31]

82.8%

Sebastiani A 1984
Random effects model
2

2

Heterogeneity: I = 96.9%, tau = 0.6972, P < 0.0001
Setting = United Kingdom
Aweis D 2001

25

Random effects model

439

0.06

[0.04, 0.08]

4.4%

439

0.06

[0.01, 0.25]

4.4%

1109

0.14

[0.12, 0.16]

4.6%

1109

0.14

[0.03, 0.45]

4.6%

Heterogeneity: not applicable for a single study
Setting = United States
Shire AM 2012

151

Random effects model
Heterogeneity: not applicable for a single study
Results for subgroups (random effects model):
K
Setting = Italy
2
Setting = Somalia
19
Setting = United Kingdom
1
Setting = United States
1

Proportion
0.0463
0.2304
0.0569
0.1362

95%CI
[0.0140, 0.1421]
[0.1689, 0.3060]
[0.0111, 0.2457]
[0.0295, 0.4497]

Q
2.43
579.28
0
0

tau 2

I2

0.6972
0.6972
-

58.9%
96.9%
-

Figure 9 Forest plot of hepatitis B virus prevalence rates for studies conducted according to setting from 1977 to 2014.
2

2.7% to 11.5%). The heterogeneity was high (I =
88.1%, 95%CI: 77.8% to 93.6%, Figure 12).

Despite the moderate heterogeneity, the funnel
plot displayed a symmetric spread of studies in terms
of relative weight and effect size, thereby indicating
little evidence of publication bias (Figure 14). Moreover,
the Duval and Tweedie’s trim and fill procedure for
the detection of publication bias did not support the
possibility of missing studies from the analysis. The
effect size imputed was 41.5%, which was close to
the observed effect size (i.e., 39.2%). However, the
heterogeneity, expectedly, was statistically significant (Q
= 18.28, df = 7, P = 0.0108).

Hepatitis B in chronic liver disease (including
hepatocellular carcinoma)

Six studies met the inclusion criteria for the metaanalysis of the prevalence of HBV infection among
patients with chronic liver disease, including patients
with hepatocellular carcinoma, in Somali people. Their
[30,32,34,36-38]
prevalence ranges from 17.9% to 50%
(Table
6). The pooled effect size for the prevalence of hepatitis
B among chronic liver disease patients in Somali
people was 39.2% (95%CI: 33.4% to 45.4%). The
2
heterogeneity was moderate (I = 53.7%, 95%CI: 0%
to 81.5%, Figure 13).
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Sub-analysis according to the age group

The available studies (n = 5) contained data on the
prevalence of HBV infection among three age groups
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Events

Total

Proportion

Population = Immigrants
Padovese V 2014
31
500
Shire AM 2012
151
1109
Aweis D 2001
25
439
Faustini A 1994
7
213
Random effects model
2261
2
2
Heterogeneity: I = 92.8%, tau = 0.6751, P < 0.0001

95%CI

W (random)

0.06
0.14
0.06
0.03
0.07

[0.04,
[0.12,
[0.04,
[0.01,
[0.03,

0.09]
0.16]
0.08]
0.07]
0.14]

4.4%
4.6%
4.4%
3.8%
17.2%

Population = Local
MAH-Kadle 2012
Khadjio H. 2011

61
59

156
147

0.39
0.40

[0.31, 0.47]
[0.32, 0.49]

4.5%
4.4%

Nur YA 2000

34

198

0.17

[0.12, 0.23]

4.4%

Bile K 1993

29

124

0.23

[0.16, 0.32]

4.4%

Bile K 1992

95

596

0.16

[0.13, 0.19]

4.5%

134

1272

0.11

[0.09, 0.12]

4.6%

Bile KM 1991

67

232

0.29

[0.23, 0.35]

4.5%

Aceti A 1989

220

1138

0.19

[0.17, 0.22]

4.6%

K. Bile 1991

3

158

0.02

[0.00, 0.05]

3.1%

Aceti A 1991

52

104

0.50

[0.40, 0.60]

4.4%

Jama H 1987

49

218

0.22

[0.17, 0.29]

4.5%

Bile K 1987

78

946

0.08

[0.07, 0.10]

4.5%

Sebastiani A 1985

46

383

0.12

[0.09, 0.16]

4.5%

Nuti M 1979

49

102

0.48

[0.38, 0.58]

4.4%

Nuti M 1979

22

157

0.14

[0.09, 0.20]

4.3%

Nuti M 1979

80

222

0.36

[0.30, 0.43]

4.5%

Nuti M 1978

24

101

0.24

[0.16, 0.33]

4.3%

Delia S 1977

118

155

0.76

[0.69, 0.83]

4.4%

11

86

0.13

[0.07, 0.22]

4.0%

6495

0.23

[0.17, 0.30]

82.8%

0.19

[0.14, 0.25]

100%

Mohamud KB 1992

Sebastiani A 1984
Random effects model
2

2

Heterogeneity: I = 96.9%, tau = 0.6751, P < 0.0001
Random effects model

8756

2

2

Heterogeneity: I = 97%, tau = 0.7161, P < 0.0001
0.2
Results for subgroups (random effects model):
K
Proportion
Immigrants
4
0.0657
Local
19
0.2306

95%CI
[0.0295, 0.1397]
[0.1699, 0.3049]

0.4

0.6

0.8

Q
41.71
579.28

tau 2

I2

0.6751
0.6751

92.8%
96.9%

Figure 10 Forest plot of hepatitis B virus prevalence rates for studies conducted according to population from 1977 to 2014.

prevalence was in the below-20 age group at 7.7%
(95%CI: 4.2% to 13.6%). The heterogeneity was very
2
low for the 20-39 and the above-40 age groups (I =
2
0%) but was very high for the below-20 age group (I
= 91.1%) (Figure 15).
The funnel plot indicated little evidence to support
publication bias. Furthermore, Egger’s test for the
assessment of symmetry of the funnel plot was not
statistically significant (t = -1.8748, degrees of freedom
= 11, P-value = 0.0876), providing some support, at
the 5% significance level, for the absence of publication
bias (Figure 16).

Table 4 Hepatitis B virus infection prevalence rates among
pregnant women
Author

Year Total
[28]

Bile et al

HBsAg

1987 135 14 (10.3%)

Jama et al[29] 1987

52 19 (37%)

Healthy

Setting

Population

121

Mogadishu

33

Mogadishu

Pregnant
women
Pregnant
women

HBsAg: Hepatitis B surface antigen.

(below 20 years, 20-40 years, and above 40 years) that
were available for extraction. The reported prevalence
rate of these studies according to age group was as
[16,18,28,40]
follows: below 20 (1% to 16%)
; 20-39 (6%
[18,28,40]
[18,28,40]
to 16%)
; and above 40 (0% to 13%)
(Table 7). The HBV infection pooled effect was highest
among the 20-39 age group at 12.4% (95%CI: 6.3%
to 23.0%) followed by the above-40 age group at
11.8% (95%CI: 5.3% to 24.5%). The lowest pooled

WJG|www.wjgnet.com

Risk groups and HBV

Characteristics of the studies included: Seven
studies met the inclusion criteria for the meta-analysis
of the prevalence of HBV infection and their risk groups,
as shown in Table 8. The 7 included studies examined
the prevalence of HBV infection in a total of 1488
Somali participants belonging to 7 major risk groups.
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Table 5 Hepatitis B infection prevalence rates among Somali children
Author

Year

Total

Sebastiani et al[27]
Bile et al[16]

1985
1992

219
596

Cases HBsAg Healthy
25
95

11%
16%

194
501

Bile et al[16]

1992

76

3

4%

73

Bile et al[40]
Nur et al[30]
Bile et al[28]
Jama et al[29]

1991
2000
1987
1987

106
36
428
26

0
2
11
1

0%
6%
3%
4%

106
34
417
25

Setting

Population

Jowhar, Bur-Hakaba, Kismaio and Afgoy
Children living in four villages
Mogadishu area
Children in government-operated residence
for abandoned children in Shebeli
Mogadishu
Children in government-operated residences
for abandoned children in SOS institution
Lower Shabelle
Children living in Mukay Dumis
Mogadishu
Hospitalized children
Mogadishu
Children living in Mogadishu
Mogadishu
Newborn babies

HBsAg: Hepatitis B surface antigen.

Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)

Bile KM 1987

14

135

0.10

[0.06, 0.17]

51%

50.1%

Jama H 1987

19

52

0.37

[0.24, 0.51]

49%

49.9%

187

0.20

[0.15, 0.27]

100%

-

0.20

[0.05, 0.55]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 93.7%, tau = 1.206, P < 0.0001
0.1

0.2

0.3

0.4

0.5

Figure 11 Forest plot of hepatitis B virus infection prevalence rates among pregnant women.
Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)
19.8%

Sebastiani A 1985

25

219

0.11

[0.08, 0.16]

18.6%

Bile K 1992

95

596

0.16

[0.13, 0.19]

67.1%

20.7%

Bile K 1992

3

76

0.04

[0.01, 0.11]

2.4%

14.3%

K Bile 1991

0

106

0.00

[0.00, 0.03]

0.4%

5.6%

Nur YA 2000

2

36

0.06

[0.01, 0.19]

1.6%

12.2%

11

428

0.03

[0.01, 0.05]

9.0%

18.7%

1

26

0.04

[0.00, 0.20]

0.8%

8.7%

1487

0.12

[0.10, 0.14]

100%

-

0.06

[0.03, 0.11]

-

100%

K Bile 1987
Jama H 1987
Fixed effect model
Random effects model
2

2

Heterogeneity: I = 88.1%, tau = 0.7357, P < 0.0001
0

0.05

0.1

0.15

Figure 12 Forest plot of hepatitis B virus infection prevalence rates among Somali children.

infection in each group.
One study was conducted on female prostitutes. The
pooled effect size for the prevalence of HBV infection
among Somali prostitutes was 20% (95%CI: 7.19% to
44.64%).
One study was conducted on hospitalized adults. The
pooled effect size for the prevalence of HBV infection
among Somali hospitalized adults was 21.28% (95%CI:
7.15% to 48.69%).
One study was conducted on hospitalized children.
The pooled effect size for the prevalence of HBV
infection among Somali hospitalized children was 5.56%
(95%CI: 0.99% to 25.62%).
One study was conducted on patients with acute
hepatitis. The pooled effect size for the prevalence of
HBV infection among Somali acute hepatitis patients
was 60% (95%CI: 31.66% to 82.92%).
One study was conducted on patients with

Table 6 Studies among patients with chronic liver disease
(including hepatocellular carcinoma) in Somalia n (%)
Author

Year Total HBsAg Healthy

Shire et al[36]
Kadle et al[38]
Khadija et al[37]
Bile et al[34]
Bile et al[32]
Aceti et al[30]

2012
2012
2011
1993
1991
1991

30
156
147
62
116
104

5 (17.9)
61 (39.1)
59 (40.1)
23 (37.1)
44 (37.9)
52 (50)

25
95
88
39
72
52

Setting

Population

United States Immigrants
Somalia
Local
Somalia
Local
Somalia
Local
Somalia
Local
Somalia
Local

HBsAg: Hepatitis B surface antigen.

The quality of the included studies also varied.
Pooled prevalence of HBV infection of Risk
groups: We used the extracted data of the 12 studies
to quantify the overall pooled prevalence of HAV
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Study

Events

Shire AM 2012

Total

Proportion

95%CI

W (fixed)

W (random)

5

30

0.17

[0.06, 0.35]

2.9%

5.7%

MAH-Kadle 2012

61

156

0.39

[0.31, 0.47]

25.7%

21.5%

Khadija H 2011

59

147

0.40

[0.32, 0.49]

24.5%

21.1%

Bile K 1993

23

62

0.37

[0.25, 0.50]

10.0%

13.9%

Bile KM 1991

44

116

0.38

[0.29, 0.47]

18.9%

19.1%

Aceti A 1991

52

104

0.50

[0.40, 0.60]

18.0%

18.7%

615

0.40

[0.36, 0.44]

100%

-

0.39

[0.33, 0.45]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 53.7%, tau = 0.0504, P = 0.0557
0.1

0.2

0.3

0.4

0.5

Figure 13 Forest plot of hepatitis B virus infection prevalence rates among patients with chronic liver disease, including hepatocellular carcinoma.

Three studies were conducted on schistosomiasis
patients. The pooled effect size for the prevalence of
HBV infection among Somali schistosomiasis patients
was 20.19% (95%CI: 11.28% to 33.49%). The
2
heterogeneity was low (I = 36%). Another indication
of low heterogeneity was the Q-statistic [Q (degrees of
freedom = 2) = 3.13].
The result of this analysis is presented in the forest
plot showing the effect sizes for the individual original
studies and their 95%CIs, as shown in Figure 17.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 18). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill pro
cedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 28.5% which was
not widely different from the observed effect size.

Table 7 Age pattern of hepatitis B virus infection n (%)
Age group

Author

Publication year Total

0-20

Sebastiani et al[40]
Bile et al[28]
Bile et al[40]
Bile et al[16]
Sebastiani et al[18]

20-39

Sebastiani et al[40]
Bile et al[28]
Bile et al[40]
Sebastiani et al[18]

40+

Sebastiani et al[40]
Bile et al[28]
Bile et al[40]
Sebastiani et al[18]

1985
1987
1991
1992
1984
Total
1985
1987
1991
1984
Total
1985
1987
1991
1984
Total

219
428
119
596
56
1418
94
442
36
19
591
70
76
3
11
160

HBsAg

Healthy

25 (11)
11 (6)
1 (1)
95 (16)
7 (13)
139 (9.8)
13 (14)
62 (14)
2 (6)
3 (16)
80 (14)
8 (11)
10 (13)
0 (0)
1 (9.1)
19 (11.8)

194
417
118
501
49
1279
81
380
34
16
511
62
66
3
10
141

HBsAg: Hepatitis B surface antigen.

0.0

Standard error

0.1

Epidemiology of HCV

0.2

There are few studies on HCV infection in Somalia. Watts
DM and his colleagues studied 438 subjects, including
female prostitutes (1.7% or 4/236), patients from a
sexually transmitted disease clinic (2% or 2/80), male
soldiers (1.3% or 1/79), and tuberculosis patients (2.3%
or 1/43), while the overall prevalence showed that
[41]
1.8% (8/438) were anti-HCV positive .Another study
investigated children from two institutions for children
in Somalia, showing that 1.5% of children were positive
for anti-HCV in one residence of 596 children, including
boys (1.9% or 6/309) and girls (1% or 3/287). However,
in corresponding individuals, 76 children (boys and girls)
[16]
showed a result of 0% . A study conducted among
blood donors revealed that (0.6% or 1/157) were antiHCV-positive, while the overall presence of anti-HCV
[33]
in this study was (2.4% or 6/256) . A case-control
study of HCV in chronic liver disease patients showed an
[42]
estimate of 4% (35/885) in overall subjects . Bile K and
his colleagues found that 23.3% (29/124) of subjects
had antibodies for HCV in the overall prevalence of cases
[34]
and controls . In 2014, a study conducted in Malta

0.3
0.4
0.5

-1.5

-1.0

-0.5

0.0

0.5

Logit transformed proportion

Figure 14 Bias assessment plot of studies reporting among patients with
chronic liver disease, including hepatocellular carcinoma.

ancylostomiasis. The pooled effect size for the prevalence
of HBV infection among Somali ancylostomiasis patients
was 33.55% (95%CI: 14.44% to 60.16%).
Four studies were conducted on leprosy patients. The
pooled effect size for the prevalence of HBV infection
among Somali leprosy patients was 12.34% (95%CI:
2
7.24% to 20.26%). The heterogeneity was high (I =
85.3%). Another indication of high heterogeneity was
the Q-statistic [Q (degrees of freedom = 3) = 20.38].
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Study

Events

Total

Proportion

95%CI

W (random)

Age.Group = 20-39
Sebastiani 1995

13

94

0.14

[0.08, 0.22]

10.1%

Bile 1987

62

442

0.14

[0.11, 0.18]

13.0%

Bile 1991

2

36

0.06

[0.01, 0.19]

4.2%

Sebastiani 1984

3

19

0.16

[0.03, 0.40]

5.1%

591

0.12

[0.06, 0.23]

32.5%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0.3858, P = 0.5781
Age.Group = 40+
8

70

0.11

[0.05, 0.21]

8.7%

Bile 1987

Sebastiani 1995

10

76

0.13

[0.06, 0.23]

9.3%

Bile 1991

0

3

0.00

[0.00, 0.71]

1.3%

Sebastiani 1984

1

11

0.09

[0.00, 0.41]

2.4%

160

0.12

[0.05, 0.24]

21.7%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0.3858, P = 0.9772
Age.Group = Below 20
Sebastiani 1995

25

219

0.11

[0.08, 0.16]

11.7%

Bile 1987

11

428

0.03

[0.01, 0.05]

10.0%

Bile 1991

1

119

0.01

[0.00, 0.05]

2.6%

Bile 1992

95

596

0.16

[0.13, 0.19]

13.3%

Sebastiani 1984

7

Random effects model
2

56

0.12

[0.05, 0.24]

8.2%

1418

0.08

[0.04, 0.14]

45.8%

2169

0.10

[0.07, 0.14]

100%

2

Heterogeneity: I = 91.1%, tau = 0.3858, P < 0.0001
Random effects model
2

2

Heterogeneity: I = 75%, tau = 0.2293, P < 0.0001
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Results for subgroups (random effects model):
K
Age.Group = 20-39
4
Age.Group = 40+
4
Age.Group = Below 20
5

Proportion
0.1242
0.1182
0.0771

95%CI
[0.0632, 0.2298]
[0.0526, 0.2445]
[0.0423, 0.1364]

Q
1.97
0.02
45.13

tau 2

I2

0.3858
0.3858
0.3858

0%
0%
91.1%

Figure 15 Forest plot of hepatitis B virus infection prevalence rates among age groups.
[33,41,42]

studies have shown a result of 0% to 7%
, shown
in Table 10. Eleven studies met the inclusion criteria for
the meta-analysis of the prevalence of HCV infection
(Table 9).
The 11 included studies examined the prevalence of
HCV infection in a total of 6257 Somali participants. The
quality of the included studies also varied.

Standard error

0.0

0.5

1.0

Pooled prevalence of HCV infection

We used the extracted data of the 12 studies to quantify
the overall pooled prevalence of HCV infection. The
pooled effect size for the prevalence of HCV infection
among Somali people was 4.84% (95%CI: 3.02%
2
to 7.67%). The heterogeneity was high (I = 93.5%,
95%CI: 90.4% to 95.6%). Another indication of
high heterogeneity was the Q-statistic [Q (degrees of
freedom = 10) = 168.5, P value < 0.001]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CI, as shown in Figure 19.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little

1.5
-4

-3

-2

-1

0

1

Logit transformed proportion

Figure 16 Bias assessment plot of studies reporting among age groups.

among asylum seekers showed that 0.6 %(3/500) of
[39]
subjects were anti-HCV-positive . Another study in Italy
among immigrant communities that mostly came from
Somalia indicated that 2.3% (5/213) had HCV-positive
[19]
antibodies , and a study conducted in immigrant Somali
communities in the United States showed that 9.1%
[36]
(78/854) of subjects were anti-HCV-positive (Table
9). Among population groups at risk for HCV in Somalia,
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Events

Total

Proportion

95%CI

W (random)

85

0.20

[0.12, 0.30]

8.7%

85

0.20

[0.07, 0.45]

8.7%

47

0.21

[0.11, 0.36]

8.0%

47

0.21

[0.07, 0.49]

8.0%

36

0.06

[0.01, 0.19]

5.0%

36

0.06

[0.01, 0.26]

5.0%

55

0.60

[0.46, 0.73]

8.7%

55

0.60

[0.32, 0.83]

8.7%

155

0.34

[0.26, 0.42]

9.4%

155

0.34

[0.14, 0.60]

9.4%

Population = Female prostitutes
Jama H 1987

17

Random effects model
Heterogeneity: not applicable for a single study
Population = Hospitalized adult
Nur YA 2000

10

Random effects model
Heterogeneity: not applicable for a single study
Population = Hospitalized children
Nur YA 2000

2

Random effects model
Heterogeneity: not applicable for a single study
Population = Patients with acute viral hepatitis
Nuti M 1979

33

Random effects model
Heterogeneity: not applicable for a single study
Population = Patients with ancylostomiasis
Delia S 1977

52

Random effects model
Heterogeneity: not applicable for a single study
Population = Patients with leprosy
Nuti M 1979

33

135

0.24

[0.17, 0.33]

9.3%

Nuti M 1979

10

87

0.11

[0.06, 0.20]

8.2%

Delia S 1977

15

155

0.10

[0.06, 0.15]

8.7%

Delia S 1977

11

155

0.07

[0.04, 0.12]

8.4%

532

0.12

[0.07, 0.20]

34.6%

Random effects model
2

2

Heterogeneity: I = 85.3%, tau = 0.2835, P = 0.0001
Population = Patients with leprosy
Nuti M 1978

8

54

0.15

[0.07, 0.27]

7.8%

Nuti M 1979

13

67

0.19

[0.11, 0.31]

8.4%

Delia S 1977

40

155

0.26

[0.19, 0.33]

9.4%

276

0.20

[0.11, 0.33]

25.6%

Random effects model
2

2

Heterogeneity: I = 36%, tau = 0.2835, P = 0.2095

Figure 17 Forest plot of hepatitis B virus infection prevalence rates among risk groups.

Moreover, Duval and Tweedie’s trim and fill procedure
for the detection of publication bias did not support the
possibility of missing studies from the analysis. The
effect size imputed was 8.14%, which was not widely
different from the observed effect size. Furthermore,
Egger’s test for the assessment of symmetry of the
funnel plot was not statistically significant (t = -1.6334,
degrees of freedom = 10, P-value = 0.1334), providing
further support for the absence of publication bias.

Table 8 Risk groups and hepatitis B virus
Author

Year Total Cases Healthy

Nuti et al[24]
Nuti et al[24]
Nuti et al[23]
Nuti et al[26]
Delia et al[22]
Delia et al[22]
Delia et al[22]
Delia et al[22]
Nuti et al[25]

1979
1979
1978
1979
1977
1977
1977
1977
1979

135
87
54
67
155
155
155
155
55

33
10
8
13
52
40
15
11
33

102
77
46
54
103
115
140
144
22

[29]

1987
2000
2000

85
36
47

17
2
10

68
34
37

Jama et al
Nur et al[33]
Nur et al[33]

Population
Patients with leprosy
Patients with leprosy
Patients with schistosomiasis
Patients with schistosomiasis
Patients with ancylostomiasis
Patients with schistosomiasis
Patients with leprosy
Patients with leprosy
Patients with acute viral
hepatitis
Female Prostitutes
Hospitalized children
Hospitalized adult

Sub-analysis according to country/setting

The majority of the studies (n = 8) were conducted in
Somalia, with a pooled prevalence of HCV of 5.02%
(95%CI: 2.18% to 11.13%) and high heterogeneity
2
(I = 94.9%). These findings are followed by 2 studies
conducted in Italy, with a pooled prevalence of HCV
of 1.22% (95%CI: 0.21% to 6.74%) and moderate
2
heterogeneity (I = 71.7%). There was 1 study from
the United States with a prevalence of HCV of 9.13%

evidence of publication bias (Figure 20). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
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Table 9 Summary of studies on the overall prevalence of hepatitis C viral infection in a Somali population in Somalia and Somali
immigrants (1970-2016)

Daw et al[43]
Padovese et al[39]
Kadle et al[38]
Shire et al[36]
Khadjio et al[37]
Nur et al[33]
Faustini et al[19]
Watts et al[41]
Aceti et al[42]
Bile et al[34]
Bile et al[16]
Bile et al[16]

Year

Total

Cases

Total

Healthy

Setting

Population

2016
2014
2012
2012
2011
2000
1994
1994
1993
1993
1992
1992

2012
500
156
854
147
256
213
438
885
124
596
76

164
3
30
78
15
6
5
8
35
29
9
0

2012
500
156
854
147
256
213
430
885
124
596
76

1848
497
126
776
132
250
208
90
850
95
587
76

Libiya
Italy
Somalia
United States
Somalia
Somalia
Italy
Somalia
Somalia
Somalia
Somalia
Somalia

Immigrants
Immigrants
Local
Immigrants
Local
Local
Immigrants
Local
Local
Local
Local
Local

Table 10 Studies on hepatitis C virus among risk groups in Somalia
Author

Year

Total

Cases

Total

Healthy

Aceti et al[42]
Watts et al[41]
Nur et al[33]

1993
1994
2000

287
236
42

0
4
1

287
236
42

278
232
41

Watts et al[41]
Nur et al[33]

1994
2000

80
57

2
4

80
57

78
53

Aceti et al[42]

1993

179

4

179

175

Setting

Population

Mogadishu
Hospitalized children with diseases other than hepatitis
Mogadishu, Marka, Kismayo
Female prostitutes
Mogadishu
Hospitalized children with measles, tuberculosis, anemia and
other febrile illnesses
Mogadishu, Marka, Kismayo
Sexually transmitted disease patients
Mogadishu
Hospitalized adults with tuberculosis, malaria, acute
respiratory infections, and unknown diagnosis (no clinically
evident case of hepatitis)
Mogadishu
Mixed populations (98 prisoners and 81 psychiatric patients)

Standard error

0.0

0.2

0.4

0.6

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

Logit transformed proportion

Figure 18 Bias assessment plot of studies reporting among risk groups.

(95%CI: 1.01% to 49.87%). There was 1 study from
Libya with a prevalence of HCV of 8.15% (95%CI:
0.89% to 46.60%) (Figure 21).

and estimate = 2.0938).

Sub-analysis according to refugee status

The majority of the studies (n = 8) were conducted
in Somalia among non-immigrant populations, with a
pooled prevalence of HCV of 4.99% (95%CI: 2.11%
2
to 11.36%) and high heterogeneity (I = 94.9%). The
remaining 4 studies were conducted in Italy, Libya and
the United States among refugees, showing a pooled
prevalence of HCV of 3.81% (95%CI: 1.54% to 9.13%)
2
and high heterogeneity (I = 90.3%) (Figure 22).

Meta-regression analysis

Examining the effect of setting, insignificant variability
could be explained by meta-regressing the metaanalysis over the three settings: Italy, Somalia, and
the United States. Tests of moderators indicated the
following: coefficient(s) 2,3: QM (df = 2) = 2.6557, P =
0.2651. For the prevalence results in Somalia compared
to Italy, the P value was 0.1476, and the estimate was
1.4512. For the United States, the variability was not
significantly different from that of Italy (P value=0.1560

WJG|www.wjgnet.com

Meta-regression analysis

When examining the effect of refugee status type,
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Events

Total

Proportion

Daw MA 2016

95%CI

W (fixed)

W (random)

164

2012

0.08

[0.07, 0.09]

43.5%

10.1%

Padovese V 2014

3

500

0.01

[0.00, 0.02]

0.9%

6.6%

MAH-Kadle 2012

30

156

0.19

[0.13, 0.26]

7.0%

9.6%

Shire AM 2012

78

854

0.09

[0.07, 0.11]

20.5%

10.0%

Khadija H 2011

15

147

0.10

[0.06, 0.16]

3.9%

9.1%

Nur YA 2000

6

256

0.02

[0.01, 0.05]

1.7%

8.0%

Faustini A 1994

5

213

0.02

[0.01, 0.05]

1.4%

7.7%

Watts DM 1994

8

438

0.02

[0.01, 0.04]

2.3%

8.5%

Aceti A 1993

35

885

0.04

[0.03, 0.05]

9.7%

9.8%

Bile K 1993

29

124

0.23

[0.16, 0.32]

6.4%

9.5%

Bile K 1992

9

596

0.02

[0.01, 0.03]

2.6%

8.6%

Bile K 1992

0

76

0.00

[0.00, 0.05]

0.1%

2.4%

6257

0.08

[0.07, 0.09]

100%

-

0.05

[0.03, 0.08]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 93.5%, tau = 0.6096, P < 0.0001
0 0.05 0.10 0.15 0.20 0.25 0.30

Figure 19 Forest plot of studies reporting chronic hepatitis C virus infection prevalence in Somalia.

(95%CI: 0.33% to 2.30%). The heterogeneity was low
2
(I = 0%). Another indication of low heterogeneity was
the Q-statistic [Q (degrees of freedom = 1) = 0.13, P
= 0.7139]. The result of this analysis is presented in
the forest plot showing the effect sizes for the individual
original studies and their 95%CIs, as shown in Figure 23.

0.0
0.2

Standard error

0.4
0.6
0.8
1.0

HCV infection in different genotypes

Characteristics of the studies included: Two studies
met the inclusion criteria for the meta-analysis of the
prevalence of HCV infection among different genotypes
[36,43]
(Table 12)
.

1.2
1.4
-5

-4

-3

-2

-1

0

Logit transformed proportion

Figure 20 Funnel plot of studies reporting chronic hepatitis C virus
infection prevalence in Somalia.

Pooled prevalence of HCV infection per genotype
group: We used the extracted data of the 12 studies to
quantify the overall pooled prevalence of HCV infection
in each genotype group.
The pooled effect size (out of 2 studies) for the
prevalence of HCV infection among Somali people of
genotype 1 was 21.9% (95%CI: 15.36% to 30.23%).
2
The heterogeneity was low (I = 0%). Another
indication of low heterogeneity was the Q-statistic [Q
(degrees of freedom = 1) = 0.20].
The pooled effect size (out of 2 studies) for the
prevalence of HCV infection among Somali people of
genotype 2 was 0.87% (95%CI: 0.12% to 5.9%). The
2
heterogeneity was low (I = 0%). Another indication
of low heterogeneity was the Q-statistic [Q (degrees of
freedom = 1) = 0.10].
The pooled effect size (out of 2 studies) for the
prevalence of HCV infection among Somali people of
genotype 3 was 25.21% (95%CI: 18.23% to 33.77%).
2
The heterogeneity was low (I = 0%). Another
indication of low heterogeneity was the Q-statistic [Q
(degrees of freedom = 1) = 0.02].
The pooled effect size (out of 2 studies) for the
prevalence of HCV infection among Somali people of
genotype 4 was 46.24% (95%CI: 37.48% to 55.25%).

insignificant variability could be explained by metaregressing the meta-analysis over the two statuses:
immigrants vs the local population. Tests of moderators
indicated the following: coefficient(s) 2: QM (df = 1)
= 0.3335, P = 0.5636. For the prevalence in the local
population compared to that in immigrants, the P value
was 0.5636, and the estimate was 0.3383.

HCV infection in blood donors

Characteristics of the studies included: There are
2 studies that met the inclusion criteria for the metaanalysis of the prevalence of HCV infection among blood
donors (Table 11). The included 2 studies examined
the prevalence of HCV infection in a total of 466 Somali
blood donors. The quality of the included studies also
varied.

Pooled prevalence of HCV infection in blood donors

We used the extracted data of the 2 studies to quantify
the overall pooled prevalence of HCV infection in Somali
blood donors. The pooled effect size for the prevalence
of HCV infection among Somali blood donors was 0.87%

WJG|www.wjgnet.com
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Events

Total

Proportion

95%CI

W (random)

Seting = Italy
Padovese V 2014

3

500

0.01

[0.00, 0.02]

Faustini A 1994

5

213

0.02

[0.01, 0.05]

7.7%

713

0.01

[0.00, 0.07]

14.3%

2012

0.08

[0.07, 0.09]

10.1%

2012

0.08

[0.01, 0.47]

10.1%

Random effects model
2

6.6%

2

Heterogeneity: I = 71.7%, tau = 1.354, P = 0.0601
Seting = Libiya
Daw MA 2016

164

Random effects model
Heterogeneity: not applicable for a single study
Seting = Somalia
MAH-Kadle 2012

30

156

0.19

[0.13, 0.26]

9.6%

Khadjio H. 2011

15

147

0.10

[0.06, 0.16]

9.1%

Nur YA 2000

6

256

0.02

[0.01, 0.05]

8.0%

Watts DM 1994

8

438

0.02

[0.01, 0.04]

8.5%

Aceti A 1993

35

885

0.04

[0.03, 0.05]

9.8%

Bile 1993

29

124

0.23

[0.16, 0.32]

9.5%

Bile 1992

9

596

0.02

[0.01, 0.03]

8.6%

Bile 1992

0

76

0.00

[0.00, 0.05]

2.4%

2678

0.05

[0.02, 0.11]

65.6%

Random effects model
2

2

Heterogeneity: I = 94.9%, tau = 1.354, P < 0.0001
Seting = United States
Shire AM 2012

78

Random effects model

854

0.09

[0.07, 0.11]

10.0%

854

0.09

[0.01, 0.50]

10.0%

6257

0.05

[0.03, 0.08]

100%

Heterogeneity: not applicable for a single study
Random effects model
2

2

Heterogeneity: I = 93.5%, tau = 0.6096, P < 0.0001
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Figure 21 Forest plot of hepatitis C virus infection for studies conducted in Somalia and Outside of Somalia.

Risk groups and HCV

2

The heterogeneity was low (I = 0%). Another
indication of low heterogeneity was the Q-statistic [Q
(degrees of freedom = 1) = 0.57].
The pooled effect size (out of 2 studies) for the
prevalence of HCV infection among Somali people of
genotype 5 was 2.52% (95%CI: 0.82% to 7.53%). The
2
heterogeneity was low (I = 0%). Another indication
of low heterogeneity was the Q-statistic [Q (degrees of
freedom = 1) = 0.00].
The pooled effect size (out of 1 studies) for the
prevalence of HCV infection among Somali people of
genotype 6 was 1.19% (95%CI: 0.07% to 16.38%).
The result of this analysis is presented in the forest
plot showing the effect sizes for the individual original
studies and their 95%CIs, as shown in Figure 24.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 25). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill
procedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 25.84%, which
was not widely different from the observed effect size.

WJG|www.wjgnet.com

Characteristics of the studies included: Three
studies met the inclusion criteria for the meta-analysis
of prevalence of HCV infection (Table 10). The 3
included studies examined the prevalence of HCV
infection in the total of 881 Somali participants. The
quality of the included studies also varied.
Pooled prevalence of HCV infection in risk groups:
We used the extracted data of the 6 studies to quantify
the overall pooled prevalence of HCV infection in Somali
risk groups. The pooled effect size for the prevalence
of HCV infection among Somali risk groups was 2.43%
(95%CI: 1.21% to 4.8%). The heterogeneity was low
2
(I = 41.8%, 95%CI: 0% to 77%). Another indicator
of low heterogeneity was the Q-statistic [Q (degrees of
freedom = 5) = 8.6, P value = 0.1263]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CIs, as shown in Figure 26.
As expected from the low heterogeneity, the funnel
plot displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 27). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
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Events

Total

Proportion

95%CI

W (random)

164

2012

3

500

0.08

[0.07, 0.09]

10.1%

0.01

[0.00, 0.02]

78

6.6%

854

0.09

[0.07, 0.11]

10.0%

Population = Immigrants
Daw MA 2016
Padovese V 2014
Shire AM 2012
Faustini A 1994

5

Random effects model
2

213

0.02

[0.01, 0.05]

7.7%

3579

0.04

[0.02, 0.09]

34.4%

2

Heterogeneity: I = 90.3%, tau = 0.7801, P < 0.001
Population = Local
MAH-Kadle 2012

30

156

0.19

[0.13, 0.26]

9.6%

Khadjio H. 2011

15

147

0.10

[0.06, 0.16]

9.1%

Nur YA 2000

6

256

0.02

[0.01, 0.05]

8.0%

Watts DM 1994

8

438

0.02

[0.01, 0.04]

8.5%

Aceti A 1993

35

885

0.04

[0.03, 0.05]

9.8%

Bile 1993

29

124

0.23

[0.16, 0.32]

9.5%

Bile 1992

9

596

0.02

[0.01, 0.03]

8.6%

Bile 1992

0

76

0.00

[0.00, 0.05]

2.4%

2678

0.05

[0.03, 0.10]

65.6%

6257

0.05

[0.03, 0.08]

100%

Random effects model
2

2

Heterogeneity: I = 94.9%, tau = 0.7801, P < 0.0001
Random effects model
2

2

Heterogeneity: I = 93.5%, tau = 0.6096, P < 0.0001
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Figure 22 Forest plot of studies reporting chronic hepatitis C virus prevalence amongst the local population and Somali immigrants.
Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)

Nur YA 2000

1

157

0.01

[0, 0.03]

25.1%

25.1%

Aceti A 1993

3

309

0.01

[0, 0.03]

74.9%

74.9%

466

0.01

[0, 0.02]

100%

-

0.01

[0, 0.02]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.7139
0.005

0.015

0.025

Figure 23 Forest plot of studies reporting chronic hepatitis C virus prevalence among blood donors in Somalia.

Moreover, Duval and Tweedie’s trim and fill proce
dure for the detection of publication bias did not support
the possibility of missing studies from the analysis. The
effect size imputed was 3.36%, which was close to the
observed effect size.

freedom = 3) = 2.83, P value = 0.4181]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CIs, as shown in Figure 28.
As expected from the low heterogeneity, the funnel
plot displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 29). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill
procedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 1.63%, which was
close to the observed effect size.

HCV infection in Somali children

Characteristics of the studies included: Three
studies met the inclusion criteria for the meta-analysis
of the prevalence of HCV infection (Table 13). The
3 included studies examined the prevalence of HCV
infection in a total of 1001 Somali participants. The
quality of the included studies also varied.
Pooled prevalence of HCV infection in children:
We used the extracted data of the 4 studies to quantify
the overall pooled prevalence of HCV infection in Somali
children. The pooled effect size for the prevalence
of HCV infection among Somali children was 1.37%
(95%CI: 0.76% to 2.46%). The heterogeneity was low
2
(I = 0%, 95%CI: 0% to 83.8%). Another indicator of
low heterogeneity was the Q-statistic [Q (degrees of

WJG|www.wjgnet.com

HCV infection in Somali chronic liver disease patients

Characteristics of the studies included: Five studies
met the inclusion criteria for the meta-analysis of the
prevalence of HCV infection (Table 14). The 5 included
studies examined the prevalence of HCV infection in
a total of 505 Somali participants. The quality of the
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co-infected with HDV . Aceti A and his colleagues
conducted a study in 1989 showing that among
220 asymptomatic HBsAg-positive carriers, 16.80%
[31]
(37) had the antibody for HDV . In a study of the
prevalence of HDV infection in patients with chronic
liver disease in Somalia, 52 of the 104 patients studied
were positive for HBsAg, and 26 (50%) had anti-delta
[30]
antibodies . In a 1993 study by Khalif Bile and his
colleagues with 62 Somali patients with chronic liver
disease, including hepatocellular carcinoma, 37.1%
(23) of cases with chronic liver disease were positive for
HBsAg, and 34.6% (8) of chronic liver disease patients
had anti-HDV. Meanwhile, in the control group, 14.3%
[32]
of those who were positive for HBsAg had anti-HDV .
Another study conducted among 67 HBsAg-positive
patients showed that 30% (20) of these patients were
anti-HDV-positive. Additionally, this study showed that
38.6% (17) of the 44 cases of chronic liver disease
[32]
patients were HBsAg-positive . One study examining
the prevalence of HDV showed that 34.4% (10/29)
of those who were HBsAg-positive and 39.1% (9/23)
of chronic liver disease patients who were HBsAg[34]
positive had antibodies for HDV . Additionally, 0% of
community immigrants from Somalia and neighboring
countries who were positive for HBsAg were shown
[19]
to have anti-HDV . Five studies met the inclusion
criteria for the meta-analysis of the prevalence of HDV
infection, and the five included studies examined the
prevalence of HDV infection in a total of 375 Somali
participants. The quality of the included studies also
varied (Table 15).

Table 11 Studies on hepatitis C among blood donors
Author

Year

Nur et al[33] 2000
Aceti et al[42] 1993

Total
157
309

Cases Healthy
1
3

156
306

Town

Group

Mogadishu Blood donors
Mogadishu Blood donors

Table 12 Studies on distribution genotypes of hepatitis C
virus infection in Somalia
Type of
genotype
Genotype 1
Genotype 1
Genotype 2
Genotype 2
Genotype 3
Genotype 3
Genotype 4
Genotype 4
Genotype 5
Genotype 5
Genotype 6

Author/Publication Year Total Cases Healthy
Daw et al[43] /2016
Shire et al[36] / 2012
Daw et al[43] /2016
Shire et al[36] / 2012
Daw et al[43] /2016
Shire et al[36] / 2012
Daw et al[43] /2016
Shire et al[36] / 2012
Daw et al[43] /2016
Shire et al[36] / 2012
Shire et al[36] / 2012

78
41
78
41
78
41
78
41
78
41
41

18
8
0
0
20
10
38
17
2
1
0

60
33
78
41
58
31
40
24
76
10
40

Serology
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV
Anti-HCV

included studies also varied.
Pooled prevalence of HCV infection in chronic liver
disease groups: We used the extracted data of the 6
studies to quantify the overall pooled prevalence of HCV
infection in Somali chronic liver disease groups. The
pooled effect size for the prevalence of HCV infection
among Somali chronic liver disease groups was 29.82%
(95%CI: 15.84% to 48.98%). The heterogeneity was
2
high (I = 92.3%, 95%CI: 85% to 96%). Another
indicator of high heterogeneity was the Q-statistic [Q
(degrees of freedom = 4) = 51.92, P value < 0.0001].
The result of this analysis is presented in the forest
plot showing the effect sizes for the individual original
studies and their 95%CIs, as shown in Figure 30.
Despite the high heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 31). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill
procedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 22.2%, which was
close to the observed effect size.

Pooled prevalence of HDV infection

We used the extracted data of the 5 studies to quantify
the overall pooled prevalence of HDV infection. The
pooled effect size for the prevalence of HDV infection
among Somali people was 28.99% (95%CI: 16.38%
2
to 45.96%). The heterogeneity was high (I = 84.9%,
95%CI: 66% to 93%). Another indicator of high
heterogeneity was the Q-statistic [Q (degrees of
freedom = 4) = 26.4, P value < 0.001]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CIs, as shown in Figure 32.
Despite the significant heterogeneity, the funnel plot
displayed a symmetric spread of studies in terms of
relative weight and effect size, thereby indicating little
evidence of publication bias (Figure 33). Notably, the
total number of studies was small, and the individual
studies were of variable sample size.
Moreover, Duval and Tweedie’s trim and fill
procedure for the detection of publication bias did not
support the possibility of missing studies from the
analysis. The effect size imputed was 28.99%, which
was identical to the observed effect size.

Epidemiology of HDV infection

Hepatitis D, or delta hepatitis, is caused by the HDV,
a unique RNA pathogen. It requires the HBV for its
own replication and to infect as co-infection. HDV is
transmitted by percutaneous or sexual contact with
infected blood or blood products. The main vulnerable
group consists of patients with chronic HBsAg infection
who become super-infected with the virus. It is
estimated that 5% of HBV-infected persons are also

WJG|www.wjgnet.com

Epidemiology of chronic liver disease and HDV infection
Three studies met the inclusion criteria for the metaanalysis of prevalence of chronic liver disease and HDV
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Events

Total

Proportion

95%CI

W (random)

Type.of.Genotype = Genotype 1
Daw MA 2016

18

78

0.23

[0.14, 0.34]

12.5%

Shire AM 2012

8

41

0.20

[0.09, 0.35]

11.5%

119

0.22

[0.15, 0.30]

24.0%

4.0%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.6551
Type.of.Genotype = Genotype 2
Daw MA 2016

0

78

0.00

[0.00, 0.05]

Shire AM 2012

0

41

0.00

[0.00, 0.09]

4.0%

119

0.01

[0.00, 0.06]

8.0%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.7511
Type.of.Genotype = Genotype 3
Daw MA 2016

20

78

0.26

[0.16, 0.37]

12.6%

Shire AM 2012

10

41

0.24

[0.12, 0.40]

11.8%

119

0.25

[0.18, 0.34]

24.4%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.8813
Type.of.Genotype = Genotype 4
Daw MA 2016

38

78

0.49

[0.37, 0.60]

12.8%

Shire AM 2012

17

41

0.41

[0.26, 0.58]

12.2%

119

0.46

[0.37, 0.55]

25.0%

8.5%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.4512
Type.of.Genotype = Genotype 5
Daw MA 2016

2

78

0.03

[0.00, 0.09]

Shire AM 2012

1

41

0.02

[0.00, 0.13]

6.1%

119

0.03

[0.01, 0.08]

14.6%

Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.9670
Type.of.Genotype = Genotype 6
Shire AM 2012

0

Random effects model

41

0.00

[0.00, 0.09]

4.0%

41

0.01

[0.00, 0.16]

4.0%

636

0.15

[0.08, 0.26]

100%

Heterogeneity: not applicable for a single study
Random effects model

Figure 24 Forest plot of studies reporting on distribution genotypes of hepatitis C virus infection in Somalia.
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Figure 25 Bias assessment plot of studies reporting among the distribution of genotypes of hepatitis C virus.

infection. These three included studies had a total of
119 Somali participants, and the quality of the included
studies varied (Table 16).

the overall pooled prevalence of chronic liver disease
and HDV infection. The pooled effect size for the
prevalence of chronic liver disease and HDV infection
among Somali people was 43.77% (95%CI: 35.09%
to 52.84%). The heterogeneity was low but had a
2
wide confidence interval (I = 0%, 95%CI: 0% to
86%). Another indicator of low heterogeneity was the

Pooled prevalence of chronic liver disease and HDV
infection

We used the extracted data of the 3 studies to quantify
WJG|www.wjgnet.com
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Events

Total

Proportion

95%CI

Aceti A 1993

0

287

0.00

[0.00, 0.01]

3.3%

5.6%

Watts 1994

4

236

0.02

[0.00, 0.04]

26.2%

23.15

Nur YA 2000

1

42

0.02

[0.00, 0.13]

6.5%

9.8%

Watts 1994

2

80

0.02

[0.00, 0.09]

13.0%

15.8%

Nur YA 2000

4

57

0.07

[0.02, 0.17]

24.8%

22.6%

Aceti A 1993

4

179

0.02

[0.01, 0.06]

26.1%

23.1%

881

0.03

[0.02, 0.04]

100%

-

0.02

[0.01, 0.05]

-

100%

Fixed effect model
Random effects model
2

W (fixed)

W (random)

2

Heterogeneity: I = 41.8%, tau = 0.308, P = 0.1263
0

0.05

0.10

0.15

Figure 26 Forest plot of studies reporting chronic hepatitis C virus prevalence among risk groups in Somalia.

the outbreak, 111 samples were collected in one of the
three villages, which showed that a very low prevalence
[45]
(4.5% or 5/111) was positive for IgG anti-HEV . In
another survey of 142 villages with a population of
245312 individuals, 11413 icteric cases were recorded,
346 of whom had died, corresponding to an attack rate
and a case fatality rate of 4.6% and 3.0%, respectively.
The role of HEV in this epidemic was proven by
documenting anti-HEV in 88.2% (128 of 154) of the
sampled cases, which served as a sign of recent infection
with HEV. Further, the attack rate was found to be higher
with increasing age, from 5% in the 1- to 4-year-old age
group to 13% in the 5- to 15-year-old age group, and
to 20% for persons older than 15 years of age. A high
fatality rate of 13.8% was estimated among pregnant
females. Therefore, the attack rate was higher (6.0%)
in villages supplied with river water, while fewer cases
were recorded in those relying on wells (1.7%) or
[46]
ponds (1.2%) for their water supply . Burans and his
colleagues conducted a study during the operation of
Restore of Hobe in Somalia in 1994, finding that among
31 Somalians with acute hepatitis, 20 (65%) had IgM
[47]
anti-HEV . Three studies met the inclusion criteria for
the meta-analysis of the prevalence of HEV infection, and
a total of 287 Somali participants were examined. The
quality of included studies also varied (Table 17).
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Figure 27 Bias assessment plot of studies reporting among risk groups
in Somalia.

Q-statistic [Q (degrees of freedom = 2) = 1.49, P value
= 0.4758]. The result of this analysis is presented in
the forest plot showing the effect sizes for the individual
original studies and their 95%CIs, as shown in Figure
34.
The funnel plot displayed a symmetric spread of
the three studies in terms of relative weight and effect
size, thereby indicating little evidence of publication
bias (Figure 35). Notably, the total number of studies
was small, and the individual studies were of variable
sample size.
Moreover, Duval and Tweedie’s trim and fill proce
dure for the detection of publication bias did not support
the possibility of missing studies from the analysis. The
effect size imputed was 43.77%, which was identical to
the observed effect size.

Pooled prevalence of HEV infection

We used the extracted data of the 3 studies to quantify
the overall pooled prevalence of HEV infection. The
pooled effect size for the prevalence of HEV infection
among Somali people was 46.86% (95%CI: 5.31%
2
to 93.28%). The heterogeneity was high (I = 97.9%,
95%CI: 96% to 98.9%). Another indicator of high
heterogeneity was the Q-statistic [Q (degrees of
freedom = 2) = 93.4, P value < 0.001]. The result of
this analysis is presented in the forest plot showing the
effect sizes for the individual original studies and their
95%CIs, as shown in Figure 36.
Because the significant heterogeneity, the funnel
plot displayed a somewhat asymmetric spread of
studies in terms of relative weight and effect size,
thereby indicating evidence of publication bias (Figure
37). Notably, the total number of studies was small, and

Epidemiology of HEV infection

It is believed that more than 50% of hepatitis E cases
in developing countries are unrelated to HAV or HBV
infection, and a high proportion of these cases seems to
[44]
be enterically transmitted . Studies on the outbreak
of an acute viral hepatitis occurring in three villages in
the lower Shabeli region of southern Somalia examined
the presence of antibodies to the hepatitis E antigen,
and it was found that the prevalence of anti-HEV ranged
from 77.8% to 94.0% among the three villages and
was widely distributed among all age groups, without a
preponderance in any specific age. During the onset of
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Table 13 Studies on hepatitis C virus infection among Somali children
Author

Year Total Cases Total Healthy

Bile et al[16]
Bile et al[16]
Nur et al[33]
Aceti et al[42]

1992
1992
2000
1993

596
76
42
287

9
0
1
0

596
76
42
287

Study

587
76
41
278

Events

Setting

Population

Mogadishu area
Children in government-operated residences for abandoned children in Shebeli
Mogadishu area Children in government-operated residence for abandoned children in SOS institution
Mogadishu
Hospitalized children
Mogadishu
Hospitalized children with diseases other than hepatitis

Total

Proportion

95%CI

W (fixed)

W (random)
81.8%

Bile K 1992

9

596

0.02

[0.01, 0.03]

81.8%

Bile K 1992

0

76

0.00

[0.00, 0.05]

4.6%

4.6%

Nur YA 2000

1

42

0.02

[0.00, 0.13]

9.0%

9.0%

Aceti A 1993

0

287

0.00

[0.00, 0.01]

4.6%

4.6%

1001

0.01

[0.01, 0.02]

100%

-

0.01

[0.01, 0.02]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.4181
0 0.02 0.04 0.06 0.08 0.10 0.12

Figure 28 Forest plot of studies reporting chronic hepatitis C virus prevalence among Somali children.

development of national strategies for the prevention
and control of viral hepatitis. The findings of this review
clearly show the burden of the viral hepatitis in the
country, particularly HBV. The estimation prevalence of
[48]
HBV in most African countries was 5%-20% , and the
WHO HBV endemic definition of HBsAg prevalence is
[5]
5%-7% . In our review, we identified the prevalence
of HBV in Somalia, as detected by HBsAg, to be high
(18.9%). Somalia was categorized among countries
[20,21]
with a high endemicity of HBV (prevalence ≥ 8%)
.
The rate of global prevalence (3.61%) reported by
Sweitzer and his colleagues, as well as the rate of 8.83%
of the WHO African region, was significantly less than
[49]
our study result . In countries such the United States,
Iran and Kosovo, the HBV prevalence rate has been
estimated to be approximately < 0.27%, 2.14%, and
[50-52]
4.2%, respectively
. Therefore, this comparative
information highlighted the extent of the HBV burden in
Somalia. The pooled prevalence in this study was higher
than that of a recent report from African countries, such
as Ethiopia, Cameroon, Ghana, and Nigeria, the pooled
prevalence of which was 7.4%, 11.2%, 12.3%, and
[48,53-55]
13.6%, respectively
.
Additionally, HBV infection among blood donors
[33]
(19.1%)
and the pooled prevalence of pregnant
women (20.5%) also remain high in Somalia, which
justifies the requirements of a national HBV screening
program for all pregnant women in antenatal clinics and
a national policy to vaccinate all pregnant women and
adults who test negative for HBV, so as to prevent and
reduce the risk of HBV of mother-to-child transmission.
We also need to establish a national blood policy
throughout Somalia for the prevention or reduction of
receiving contaminated blood, the occurrence of which
remains high within this HBV population. According to
studies of HBV infection among children, the prevalence
(5.7%) is lower than that of other groups, while that

0.0
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Figure 29 Bias assessment plot of studies reporting among children in
Somalia.

the individual studies were of variable sample size. The
[45]
study by Mushahwar et al is clearly an outlier.
Moreover, Duval and Tweedie’s trim and fill procedure
for the detection of publication bias did support the
possibility of missing studies from the analysis. The
effect size imputed was 88.28%, which was well above
the observed effect size. The funnel plot generated via
Duval and Tweedie’s trim and fill procedure indicated the
absence of studies with a high prevalence if the balance
was to be restored (Figure 38).

DISCUSSION
Viral hepatitis is major public health problem in the
world, especially in developing countries. To our
knowledge, this review is the first systematic review and
meta-analysis study that has attempted to thoroughly
summarize evidence on the different types of viral
hepatitis infection in Somalia. The aim of this review was
to understand the burden of viral hepatitis, especially
HBV and HCV, in Somalia and to inform public health
practitioners, researchers and policy makers in the
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Table 14 Studies on hepatitis C virus infection among patients with chronic liver disease, including hepatocellular carcinoma, in
Somalia
Author

Year

Total

Cases

Total

Healthy

Setting

Population

Shire et al[36]
Kadle et al[38]
Khadija et al[37]
Bile et al[34]
Aceti et al[42]

2012
2012
2011
1993
1993

30
156
147
62
110

22
30
15
25
28

30
156
147
62
110

8
126
132
37
82

United States
Somalia
Somalia
Somalia
Somalia

Immigrants
Local
Local
Local
Local

Study

Events

Total

Proportion

95%CI

W (fixed)

W (random)

Shire AM 2012

22

30

0.73

[0.54, 0.88]

7.4%

18.1%

MAH-Kadle 2012

30

156

0.19

[0.13, 0.26]

30.5%

20.9%

Khadija H 2012

15

147

0.10

[0.06, 0.16]

17.0%

20.1%

Bile K 1993

25

62

0.40

[0.28, 0.54]

18.8%

20.3%

Aceti A 1993

28

110

0.25

[0.18, 0.35]

26.3%

20.7%

505

0.25

[0.21, 0.30]

100%

-

0.30

[0.16, 0.49]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 92.3%, tau = 0.7863, P < 0.0001
0.2

0.4

0.6

0.8

Figure 30 Forest plot of studies reporting chronic hepatitis C virus prevalence among patients with chronic liver disease, including hepatocellular
carcinoma, in Somalia.

higher than the reported pooled prevalence in Somalia of
[56]
[57]
0.9% by Chaabna et al and 1.5% by Karoney et al .
Meanwhile, in Djibouti and Sudan, the pooled prevalence
[56]
rate was 0.3% and 1.0%, respectively . We also found
close prevalence rates in our study and found that the
pooled prevalence rate in Ethiopia, Ghana, and the
[48]
[58]
Democratic Republic of the Congo was 3.1% , 3.0%
[59]
and 2.9% , respectively, but the overall prevalence rate
[60]
is 3.0% in all sub-Saharan African countries . However,
in Cameroon, the estimated prevalence of anti-HCV is
[61]
11.6% and the reported prevalence rate for Egypt is
[61,62]
14.7%
; thus, the estimated prevalence of anti-HCV
is much lower in Somalia than in these two countries.
The pooled prevalence rate of sub-groups examined in
this study, such as blood donors, Somali immigrants,
risk groups, children and patients with chronic liver
disease, was 0.8%, 3.81%, 2.43%, 1.37%,and 29.82%,
respectively. These findings may emphasize that the
level of chronic HCV in Somalia may be significantly
high. Genotypes commonly found in Africa are 1, 4 and
[57]
5 . Therefore, in this review, we also present the most
frequent genotype among the Somali population, which
is genotype 4. Most African countries, such as Uganda,
Sudan, Rwanda, Burundi, Cameroon and Egypt, also
[57]
show a predominance of HCV genotype 4 . The next
most prevalent genotype in our country is genotype 3,
which is also similar to our neighboring countries, such as
[57]
Ethiopia, Kenya, and Eritrea .Meanwhile, the next most
prevalent genotype in Somalia is genotype 1.
The number of studies of HDV in Somalia among
Somali patients and chronic liver disease patients was
very low, but the data available thus far demonstrated
a considerable prevalence of HDV infection. Our results

Table 15 Summary of studies on overall prevalence of
hepatitis D viral infection of HBsAg-positive carriers in
the Somali population in Somalia and Somali immigrants
(1970-2016) n (%)
Author

Year

Aceti et al[31]
Bile et al[32]
Aceti et al[30]
Bile et al[34]
Faustini et al[19]
Total

1989
1991
1991
1993
1994

Total Hepatitis Healthy Setting
D virus
220
67
52
29
7
375

37 (16.8)
20 (30)
26 (50)
10 (34.4)
0 (0)
93 (24.8)

138
47
26
19
7
237

Population

Somalia
Local
Somalia
Local
Somalia
Local
Somalia
Local
Italy Immigrants

Standard error

0.0
0.1
0.2
0.3
0.4
-6

-1.5

-1.0

-0.5

0.0

0.5

1.0

Logit transformed proportion

Figure 31 Bias assessment plot of studies reporting chronic liver disease.

of Somali immigrants around the world and of chronic
liver disease patients was 23% and 39.2%, respectively.
These findings therefore demonstrate the true epide
miological burden of HBV in Somalia.
Regarding HCV, we found a high pooled prevalence of
4.84% in Somalia. This prevalence rate is considerably
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Study

Events

Total

Proportion

95%CI

Aceti A 1989

37

220

0.17

Bile K 1991

20

67

0.30

Aceti A 1991

26

52

Bile K 1993

10
0

Faustini A 1994
Fixed effect model

W (fixed)

W (random)

[0.12, 0.22]

47.5%

25.8%

[0.19, 0.42]

21.6%

24.0%

0.50

[0.36, 0.64]

20.1%

23.8%

29

0.34

[0.18, 0.54]

10.1%

21.1%

7

0.00

[0.00, 0.41]

0.7%

5.3%

375

0.26

[0.22, 0.31]

100%

-

0.29

[0.16, 0.46]

-

100%

Random effects model
2

2

Heterogeneity: I = 84.9%, tau = 0.512, P < 0.0001
0 0.1 0.2 0.3 0.4 0.5 0.6

Figure 32 Forest plot of studies reporting hepatitis D virus infection prevalence in Somalia.

example, the prevalence of chronic hepatitis disease
and cirrhosis/hepatocellular carcinoma in Pakistan was
37.38% and 53.77%, respectively, and the prevalence
of the same conditions in Egypt was 24.37% and
[64]
29.6%, respectively . These results indicate that HDV
infection is endemic in Somalia.
Although the number of prevalence studies of
hepatitis A and E virus infections among Somali
patients were also very low in Somalia due to the
lack of government support in the country in the last
three decades, the available data for HAV and HEV still
illustrated a high prevalence rate in the country. These
viruses were transmitted through the fecal-oral route,
and many environmental and socio-economic factors
promoted the transmission routes. This systematic
review showed a high pooled prevalence rate of HAV,
which is 90.2%, and this prevalence rate was close
to the individual estimation rates of old reports in
[15,16,18,19]
Somalia
. We also indicate that the estimates of
HEV infection in previous reports in Somalia may quite
[45-47]
high, ranging between 4.5% and 88.2%
, which
is similar to estimates for the Ghanaian population of
[65]
anti-HEV, with their range of 5.8% and 71.55% .
However, this review showed a pooled prevalence rate
of HEV of 46.86%, which is also high among Somali
patients. HEV infection in Africa is widespread and is
predicted to be a hazard to numerous lives, in particular
[2]
for pregnant women and their fetuses . Serological
studies from Egypt have shown that the seroprevalence
of anti-HEV can reach close to 100% in the general
[2]
population . Another serological study from Ghana
showed that anti-HEV can also reach close to 50%,
and a study in Nigeria showed nearly100% of anti-HEV
[2]
in the general population . Meanwhile, a number of
large outbreaks occurred and were reported at different
times in many countries in Africa, such as Kenya,
[2,45]
Sudan, Ethiopia, Somalia, Uganda and Chad
. The
outbreak that occurred in Somalia showed a range of
[45]
77.8% to 94.0% among three villages in the country .
A survey from 142 villages showed 11413 jaundice
patients in a population of 245312 individuals, of whom
346 persons died, with a corresponding attack rate
[46]
of 4.6% and a case fatality rate of 3.0% . An older
report demonstrated that the attack rate was higher
with increasing age, from 5%, 13% and 20% for the

Table 16 Studies among patients with chronic liver disease
(including hepatocellular carcinoma) in Somalia n (%)
Author

Year Total Hepatitis Total Healthy Setting Population
D virus

Bile et al[34]
Bile et al[32]
Aceti et al[30]
Total

1993
1991
1991

23
9 (39.1)
44 17 (38.6)
52 26 (50)
119 52 (43.6)

23
44
52
119

14
27
26
67

Somalia
Somalia
Somalia

Local
Local
Local

Standard error

0.2

0.5

1.0

1.5

-4

-3

-2

-1

0

1

2

Logit transformed proportion

Figure 33 Bias assessment plot of studies reporting of hepatitis D virus
infection in Somalia.

showed that the pooled prevalence rate of HDV in
Somalia was 28.99%. The pooled prevalence of Sudan
and Uganda, which are other sub-Saharan African
[63]
[63]
countries, was 27.8%
and 30.6% , respectively,
and the pooled prevalence rate of the EMRO region is
[64]
14.74% . Therefore, our result is similar to that of
other countries in our region. The worldwide estimation
rate also indicated that 5% of HBsAg carriers were
[1]
infected with HDV . The pooled prevalence rate in this
review for patients with chronic liver disease, including
hepatocellular carcinoma and positivity for anti-HDV,
was shown to be 43.77%, and this result is similar
to the prevalence rates among patients in the EMRO
region with chronic liver disease (chronic hepatitis
disease 27.8% and cirrhosis/hepatocellular carcinoma
[64]
36.57%) . However, the previous pooled estimation
in Somalia showed a similar prevalence rate as chronic
hepatitis disease (47.36%) and cirrhosis/hepatocellular
[64]
carcinoma (33.20%) . Other countries in the EMRO
region also showed results similar to our findings. For
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Table 17 Studies on hepatitis E virus in Somalia n (%)
Author

Year

Total

Hepatitis E virus

Healthy

Setting

Population

Burans et al[47]
Mushahwar et al[45]
Bile et al[46]
Total

1994
1993
1994

31
111
145
287

20 (64.5)
5 (4.5)
128 (88.2)
153 (53.3)

11
106
17
134

Somalia
Somalia
Somalia

Local
Local
Local

Study

Events

Bile K 1993

Total

Proportion

95%CI

W (fixed)

W (random)

9

23

0.39

[0.20, 0.61]

18.9%

18.9%

Bile KM 1991

17

44

0.39

[0.24, 0.55]

36.1%

36.1%

Aceti A 1991

26

52

0.50

[0.36, 0.64]

45.0%

45.0%

119

0.44

[0.35, 0.53]

100%

-

0.44

[0.35, 0.53]

-

100%

Fixed effect model
Random effects model
2

2

Heterogeneity: I = 0%, tau = 0, P = 0.4758
0.2

0.3

0.4

0.5

0.6

Figure 34 Forest plot of hepatitis D virus infection prevalence rates among patients with chronic liver disease in Somalia.
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Figure 35 Bias assessment plot of studies reporting of hepatitis D virus infection among chronic liver disease in Somalia.

age groups of 1-4 years, 5-15 years and above 15
years old, respectively. Meanwhile, pregnant women
[46]
had a high fatality rate, estimated to be 13.8% , in
comparison to the rates in other African countries, such
[65]
[66]
Ghana, (66.7%) , Sudan (31.1%)
and the Central
[67]
African Republic (14.3%) . However, the fatality rate
of pregnant women was higher than that of our older
[46]
report in the country . This systematic review and
meta-analysis study indicates that the two viruses of
HAV and HEV are endemic in the country.
This systematic review and meta-analysis study
had several limitations. The main limitation is that
to the best of our knowledge, this review is the first
that focuses on all types of viral hepatitis infection in
Somalia. The second limitation of this review is the
relatively small number of studies identified on all types
of viral hepatitis in the country before and after the
civil war. This lack of studies highlights the fact that
research and knowledge of the viral hepatitis infection
burden in Somalia are less developed than in other
African and Arab countries. The third limitation is that
the majority of our studies involved samples from only
four or five regions of Somalia, especially in South
Somalia, and samples of Somali immigrants around
the world. Subsequently, we did not have samples

WJG|www.wjgnet.com

from the southwestern, central, and northern regions
of the country, such as Gedo, Bakol, Hiran, Galgadud,
Mudug, Nugal, East, Sol, Sanag, Togder, Northwest
and Awdal regions, which were included in the studies
reviewed, while most studies were completed before
the government collapsed, and few studies were done
during and after the civil war.
In conclusions, although this systematic review and
meta-analysis study is based on a limited number of
studies and a small sample size, the study effects were
a potential limitation of the review. However, the results
of this review indicate that all types of viral hepatitis
infection are common among Somalis, particularly HBV,
which is more prevalent and endemic. This study has
also documented a high prevalence rate of HCV infection
in Somalia. The prevalence of these viruses could be
understood as one of the nation’s public health problems,
and urgent public health interventions are needed to
reduce the infection rate of the country, because these
preventable diseases, particularly HBV and HAV, can
be eradicated by vaccination. Preventive measures
include increasing awareness and knowledge about the
transmission of all forms of viral hepatitis, screening all
donated blood, targeting high-risk groups, providing
treatment for affected persons, and generally improving
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Study

Events

Burans JP1 1994

95%CI

W (fixed)

W (random)

31

0.65

[0.45, 0.81]

26.4%

33.3%

5

111

0.05

[0.01, 0.10]

17.8%

32.9%

128

145

0.88

[0.82, 0.93]

55.8%

33.7%

287

0.68

[0.59, 0.75]

100%

-

0.47

[0.05, 0.93]

-

100%

Fixed effect model
Random effects model
2

Proportion

20

Mushahwar IK 1993
Bile K 1994

Total

2

Heterogeneity: I = 97.9%, tau = 5.794 , P < 0.0001
0.2

0.4

0.6

0.8

Figure 36 Forest plot of studies reporting hepatitis E virus infection prevalence in Somalia.
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Figure 37 Funnel plot of studies reporting hepatitis E virus infection prevalence in Somalia.
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Figure 38 Bias assessment plot of studies reporting hepatitis E virus prevalence in Somalia.
types (hepatitis A, B, C, D, E, G viruses), and they may present in acute form
or chronic form causes substantial morbidity and mortality (including chronic
hepatitis, cirrhosis and hepatocellular carcinoma).

the sanitary and living conditions. Other efforts needed
to reduce the burden of the disease and strengthen the
Somali health system include the establishment of a
national blood policy and prevention and control viral
hepatitis policy. Additionally, further studies are needed
to fully understand the population factors underlying the
high prevalence of all forms viral hepatitis, particularly
in underrepresented regions and among adults,
children, blood donors and high-risk groups, to offer
better perspectives on all forms of the viral hepatitis
burden in Somalia. The generation of up-to-date data
is recommended, especially regarding the magnitude of
HAV, HCV, and their genotypes, HDV and HEV.

Research motivation

In the field of viral hepatitis, there is a lack of researches last three decades
in country and all articles about viral hepatitis published and unpublished
are scattered. In this systematic review and meta-analysis the authors aim
to provide a clear understanding of viral hepatitis epidemiology and their
clinical burdens in Somalia according to the related documents published and
unpublished articles during the last decades.

Research objectives

The main objective of this study is to determine the prevalence of all viral
hepatitis in Somalia especially hepatitis B virus (HBV) and hepatitis C virus
(HCV), and to inform public health practitioners, researchers and policy makers,
and to be a baseline data for future Hepatology researches in the country.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Research methods

Viral hepatitis is a major public health problem affecting several hundred million
people globally. The most common types of viral hepatitis are six distinct
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A systematic review and meta-analysis was conducted as Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines. A comprehensive
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literature search of published studies on viral hepatitis was performed
from 1977-2016 in PubMed, Google Scholar, Science Direct, World Health
Organization African Index Medicus and the Africa Journals Online databases,
as well as on the Ministry of Health website. We also captured unpublished
articles that were not available on online systems.

12

13

Research results

Twenty-nine studies from Somalia and Somali immigrants (United Kingdom,
United States, Italy, Libya) with a combined sample size for each type of
viral hepatitis were analyzed. The overall pooled prevalence rate of hepatitis
A virus was 90.2%. The overall pooled prevalence of HBV was 18.9%. The
overall pooled prevalence of HCV was estimated as 4.84%. The overall pooled
prevalence of hepatitis D virus was 28.99%. The overall pooled prevalence of
hepatitis E virus was 46.86%.

14
15

Research conclusions

16

Research perspectives

17

This study demonstrates a high prevalence of all forms of viral hepatitis in
Somalia and it also indicates that chronic HBV was the commonest cause of
chronic liver disease.

Viral hepatitis in Somalia demonstrated a high rate in its all types of hepatitis
especially hepatitis B virus and C, while hepatitis B determined the common
cause of chronic liver disease in Somalia. According to this systematic review
and meta-analysis, further studies are needed in order to search out data
about viral hepatitis in different regions of the country, risk factors and its
complications.

18

19
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Abstract
Castleman disease (CD) is a rare disorder of lymph
nodes and related tissues. CD generally occurs in the
mediastinum, as well as in cervical, retroperitoneal
and axillary regions. The disease is classified into two
major types: unicentric CD (UCD) and multicentric CD.
The occurrence of UCD in the retroperitoneal peripan
creatic region is quite rare. We encountered two cases
of retroperitoneal peripancreatic UCD in our hospital
during the past three years. Following a series of me
dical examinations, including magnetic resonance im
aging, computed tomography, ultrasonography and
postoperative histopathological examination, these two
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patients were diagnosed with UCD, which presented as
a retroperitoneal peripancreatic mass. The mass in each
patient was completely excised, and no postoperative
radiochemotherapy was administered. Both patients re
covered well without recurrence during a follow-up period
of 30 mo and 8 mo.

April 28, 2014 for a detailed physical examination due to
retroperitoneal peripancreatic lymph node enlargement
over seven days. The patient initially had no apparent
discomfort or noteworthy positive signs. Magnetic reso
nance imaging (MRI) of the epigastrium showed an
elliptical hyperintense signal below the pancreas on
the T1 weighted image (T1WI) (Figure 1B). The size of
the lesion was 3.0 cm × 1.9 cm with a clear boundary,
with slight hyperintensity on the fat-suppression T2
weighted image (T2WI) (Figure 1C). In addition, marked
enhancement on the arterial phase (Figure 1D and
E) and reduced enhancement on the delayed phase
(Figure 1F) were observed, which were probably due
to lymph node enlargement. Laboratory examinations
revealed that the patient was negative for the human
immunodeficiency virus (HIV) antibody. Tumor markers
and other laboratory test results were also within the
normal range.
Based on the above results, a retroperitoneal peri
pancreatic mass was diagnosed preoperatively. Laparo
tomy was performed through an oblique incision along
the left lower rib, and no ascites were found. When the
gastrocolic ligament was incised, a tumor was discovered
closely adhered to the lower edge of the pancreas
(Figure 2A). The tumor volume was 3.0 cm × 2.0 cm ×
2.0 cm, had a soft flexible texture and a clear boundary
(Figure 2B). The tumor was completely removed with
blunt and sharp separation for further testing (Figure
2C). Lymphoid tissue hyperplasia was identified in a
frozen biopsy. Postoperative pathology indicated that the
retroperitoneal peripancreatic single lymph node was
compatible with CD (Figure 3B-D). Immunohistochemical
staining revealed that cells were slightly positive for
CD20, CD3, CD21, bcl-6, and bcl-2, a small number of
cells were positive for CD138, and 20% of cells were
positive for Ki-67. During the follow-up at 30 mo after
surgery, the patient was recovering well with no signs of
recurrence.

Key words: Unicentric Castleman disease; Peripancreatic;
Retroperitoneal; Tumor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report two typical cases of unicentric
Castleman disease (UCD) presenting as a retroperitoneal
peripancreatic mass. The clinical manifestations and im
aging findings of these masses were nonspecific. UCD is
difficult to diagnose prior to surgery, and the diagnosis
is mainly by postoperative pathological examination.
The occurrence of UCD in the abdominal cavity is very
rare, especially in the retroperitoneal peripancreatic
region. Importantly, both patients recovered well without
postoperative radiochemotherapy. These case reports
provide a valuable reference for the diagnosis and treat
ment of this disease.
Cheng JL, Cui J, Wang Y, Xu ZZ, Liu F, Liang SB, Tian H.
Unicentric Castleman disease presenting as a retroperitoneal
peripancreatic mass: A report of two cases and review of
literature. World J Gastroenterol 2018; 24(34): 3958-3964
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i34/3958.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i34.3958

INTRODUCTION
Castleman disease (CD) is generally identified as a
polyclonal lymphoid proliferation of unknown etiology, and
is also known as angiofollicular lymph node hyperplasia.
It was first described by Benjamin Castleman in 1954
as “localized mediastinal lymph node hyperplasia re
[1]
sembling thymoma”, and was named after him . This
disease can occur in any age group, but is mostly seen
in patients aged 30-50 years, with no significant gender
[2]
differences . Clinically, the disease is divided into two
major types: unicentric CD (UCD) and multicentric CD,
based on its locations at a single lymph node and a series
[3]
of lymph nodes, respectively . CD, which develops in
all lymph nodes, especially in the mediastinum, can also
occur in the cervical, retroperitoneal, and axillary regions.
However, invasion into the retroperitoneal peripancreatic
[4]
region is quite rare . We herein report two rare cases
of retroperitoneal peripancreatic UCD over a three-year
period from 2014 to 2017.

Case 2

A 57 year old woman was admitted to our hospital on
July 18, 2017 because of tiredness and fever. The patient
had a body temperature of 39 degrees without other
discomfort. Physical examination indicated no positive
symptoms. MRI of the epigastrium showed that there
was an elliptical hyperintense signal below the pancreas
on the T1WI (Figure 4A) and slight hyperintensity on the
fat-suppression T2WI (Figure 4B). The internal signal
was heterogeneous and a clearly bounded tumor 3.4 cm
× 2.8 cm in size was observed. Marked enhancement
on the arterial phase was inhomogeneous (Figure 4C).
In addition, the venous phase and delayed phase con
tinued to intensify (Figure 4D-F). On account of the
hypervascular mass located under the pancreas, it was
highly possible that the mass was a nerve incretory
tumor.
Laboratory examinations showed that the HIV
antibody was negative and the white blood cell count was
9
14.6 × 10 /L. Tumor markers and other laboratory test
results were within the normal range. The preoperative
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A

B

C

D

E

F

[5]

unclear. Munshi et al showed that the incidence of CD
is approximately 21/million. This disease can occur in
all lymph nodes, especially in the mediastinum, neck,
retroperitoneum and axillary regions; however, its
occurrence in the retroperitoneal peripancreatic region is
[4]
more rare . The etiology of CD is thought to be related
[6-7]
to herpes simplex virus 8 and HIV . Another report
confirmed that the pathogenesis of CD was closely
related to the proliferation of T cells and B cells stimu
[8]
lated by interleukin 6 . CD mainly manifests as a pain
less enlargement of deep or superficial lymph nodes, and
may be accompanied by fever, fatigue, anemia, night
sweats, and an accelerated erythrocyte sedimentation
[9]
rate . The two cases in this report showed some dif
ferences in clinical manifestation. The tumor in Case 1
was found by physical examination without apparent
patient discomfort, and the other was diagnosed by the
symptoms of fever and fatigue. In addition, there was no
obvious abdominal discomfort in either patient.
Retroperitoneal peripancreatic UCD is usually con
cealed and difficult to diagnose. In addition, there is
no specific manifestation to distinguish it from a neuro
[10]
endocrine tumor, paraganglioma, or lymphoma .
Imaging manifestations of the disease are very dif
ficult to distinguish from other diseases, and the pre
operative imaging diagnosis does not usually agree
with the postoperative histopathological diagnosis.
These difficulties can lead to misdiagnosis. Computed
tomography (CT), MRI, and ultrasound can provide
reference values for the diagnosis of retroperitoneal
UCD. On CT imaging, retroperitoneal UCD is generally
a well-defined mass with different morphologies, such
as elliptical, kidney-shaped, and dumbbell-shaped,
which can easily be distinguished from a spherical para
ganglioma. In these two cases, both masses were oval
in shape. The plain CT scan images of this disease show
low or equal density lesions. The majority of lesions
exhibit inhomogeneous enhancement on enhanced CT
images. In addition, some tumors have a rich vascular
[11]
supply, accompanied by microcalcifications . On the
MRI, most retroperitoneal UCD lesions show an isointense or hypo-intense signal on T1WI, and a slight
hyperintense or hyperintense signal on T2WI. Although
the enhanced scan characteristics are similar in both CT
and MRI, MRI is superior to CT in terms of identifying
the relationship between the mass and neighboring
[12]
vessels or tissues . In addition, ultrasound also has
some advantages in estimating the location of the mass
and its adjacent feeding vessels. In Case 2 in our report,
we quickly clarified the location of the mass and its
relationship with surrounding blood vessels (such as the
inferior mesenteric artery and vein) using intraoperative
ultrasonography, effectively reducing the risk of bleeding
during resection of the mass and significantly improving
the safety of surgery.
Due to the unclear specificity in clinical manifestations
and imaging findings, the diagnosis of retroperitoneal
peripancreatic UCD is still dependent on histopathology.

Figure 1 Magnetic resonance imaging of the lesion (yellow arrow) in Case
1. A: Coronal T2-weighted image sequence; B: Transverse T1-weighted fatsuppression sequence; C: Transverse T2-weighted fat-suppression sequence;
D: Transverse T1-weighted fat-suppression sequence (early arterial phase);
E: Transverse T1-weighted fat-suppression sequence (late arterial phase); F:
Transverse T1-weighted fat-suppression sequence (delayed phase).

diagnosis was an retroperitoneal neuroendocrine tumor.
Laparoscopic surgery was performed to remove the
retroperitoneal tumor. No ascitic fluid or obvious cong
lutination were found. When the gastrocolic ligament
was incised, the lesion was located behind and below the
transverse mesocolon. Intraoperative ultrasonography
indicated that the tumor had an abundant blood supply,
and its right side was close to the inferior mesenteric
artery and vein (Figure 5A). The flexible tumor was
3.0 cm × 3.0 cm in size with a clear border (Figure
5B). The tumor was completely removed by blunt
and sharp separation for further analysis (Figure 5C).
Rapid histopathological examination revealed that the
mass was possibly retroperitoneal CD together with a
follicular dendritic cell tumor, which was confirmed by
subsequent postoperative pathology (Figure 6B-F).
Immunohistochemical staining showed that a portion
of cells were positive for CD21 and negative for CK, a
small number of cells were positive for S-100 and slightly
positive for CD1a and CD23, and about five percent of
cells were positive for Ki67. The patient recovered well
after surgery without chemotherapy, and no relapse was
found during the follow-up period.

DISCUSSION
CD is a rare lymphoproliferative disease with a favorable
prognosis; however, the pathogenesis of this disease is
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B

C

Figure 2 Surgery of the retroperitoneal peripancreatic unicentric Castleman disease in Case 1. A: The tumor was close to the lower side of the pancreas with a
clear margin and a volume of 3 cm × 2 cm × 2 cm; B: Image of the free tumor; C: The tumor was completely excised.

A

B

C

D

Figure 3 Pathological examinations of the tumor in Case 1. A: The tumor was 3 cm × 2 cm × 2 cm in size. It had a smooth surface, complete envelope, and
was white to tan in appearance; B: Pathological section analysis of UCD (HE, × 100); C: Pathological section analysis of UCD (HE, × 200); D: Pathological section
analysis of UCD (HE, × 400). HE: Hematoxylin and eosin; UCD: Unicentric Castleman disease.
[16]

In addition, different pathological types also have a
direct impact on the treatment and prognosis of the
disease. In general, CD can be classified into three types
based on pathological characteristics: hyaline vascular
type (HV), plasma cell type (PC) and mixed type. The
percentage of HV type and PC type is approximately
90% and 10%, respectively. Mixed type cases are rarely
reported. Most HV type cases manifest as UCD, while
PC type cases usually occur in the form of multicentric
[13]
CD . In microscopic images of HV type, the centers
of the huge folliculus lymphaticus are atrophied, blood
vessels degenerate with hyaline vascular changes du
ring this period, and a portion have an onion-like skin
[2,14-15]
appearance
. In microscopic images of PC type
CD, the plasma cells are mainly spread throughout the

WJG|www.wjgnet.com

interfollicular areas . Pathologically, the two cases in
this report were HV type UCD. In Case 1, mantle cell
hyperplasia appeared as an onion-like skin surrounding a
neurodegenerative vascularized germinal center. In Case
2, the single penetrated vessel appeared as a lollipop
shape with hyaline degeneration.
At present, complete resection of the tumor is
still the most effective treatment for retroperitoneal
[17]
UCD with low recurrence and high cure rates .
However, recurrence has been reported in some
cases, and both radiotherapy and chemotherapy were
[18]
unsatisfactory for recurrent UCD . Fortunately, no
recurrence of retroperitoneal UCD was found in either
of our two cases after surgery. During the resection of
retroperitoneal UCD, special attention should be paid to
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A

enlargement; and Case 2 is a 57 year old female patient who presented with
tiredness and fever.

B

Clinical diagnosis

In Case 1, the patient initially had no apparent discomfort or noteworthy positive
physical signs. In Case 2, the patient felt tired and had a fever with no other
discomfort.

C

Differential diagnosis

D

Neuroendocrine tumor, paraganglioma and lymphoma.

Laboratory diagnosis

E

In Case 1, laboratory examinations revealed that the HIV antibody was
negative. Carbohydrate antigen 19-9, carcinoembryonic antigen and other
laboratory test results were also within the normal range. In Case 2, laboratory
examinations showed that the HIV antibody was negative and the white blood
cell count was 14.6 × 109/L. Carbohydrate antigen 19-9, carcinoembryonic
antigen and other laboratory test results were also within the normal range.

F

Imaging diagnosis

In Case 1, MRI of the epigastrium showed that there was an elliptical
hyperintense signal below the pancreas on the T1WI, and slight hyperintensity
on the T2WI. In addition, marked enhancement on the arterial phase and
reduced enhancement on the delayed phase were observed. In Case 2, MRI
of the epigastrium showed that there was an elliptical hyperintense signal
below the pancreas on the T1WI and slight hyperintensity on the T2WI. Marked
enhancement on the arterial phase was inhomogeneous. In addition, the
venous phase and delayed phase continued to intensify.

Figure 4 Magnetic resonance imaging of the lesion (yellow arrow) in Case
2. A: Transverse T1-weighted fat-suppression sequence; B: Transverse T2weighted fat-suppression sequence; C: Transverse T1-weighted fat-suppression
sequence (arterial phase); D: Transverse T1-weighted fat-suppression
sequence (venous phase); E: Transverse T1-weighted fat-suppression
sequence (delayed phase); F: Coronal T1-weighted fat-suppression sequence
(delayed phase).

Pathological diagnosis

In Case 1, the retroperitoneal single lymph node was compatible with
Castleman disease. In addition, immunohistochemical staining revealed that
cells were slightly positive for CD20, CD3, CD21, bcl-6, and bcl-2, a small
number of cells were positive for CD138, and 20% of cells were positive for
Ki-67. In Case 2, the diagnosis was retroperitoneal Castleman disease together
with a follicular dendritic cell tumor. Immunohistochemical staining showed that
a portion of cells were positive for CD21 and cells were negative for CK, a small
number of cells were positive for S-100 and slightly positive for CD 1a and
CD23, and about five percent of cells were positive for Ki-67.

the affected area between the tumor and surrounding
vessels, tissues and organs, which is conducive to the
complete resection of tumor and reducing blood loss
during surgery. In Case 2, we performed laparoscopic
resection of the tumor, which has the advantages of
reduced surgical trauma, clear intraoperative vision,
reduced intraoperative bleeding, high safety, and faster
postoperative recovery. In Case 2, we found UCD
together with follicular dendritic cell tumor (FDCT),
which is a rare low-grade malignant tumor and may
[19]
arise from CD . However, it was difficult to determine
whether the FDCT in Case 2 was secondary to CD.
Surgical resection is the first choice in the treatment
of FDCT, and recurrence has been observed after
surgery. Adjuvant radiotherapy and chemotherapy
can be followed after surgery, especially in patients
[20]
with unresectable FDCT . Case 2 did not undergo
radiochemotherapy after surgery. We believe that
the treatment of this patient was reasonable. In this
report, we described two rare cases of retroperitoneal
peripancreatic UCD, which will contribute to an
improvement in the understanding of UCD and provide
a significant reference for future cases.

Treatment

In Case 1, laparotomy was performed to remove the retroperitoneal
peripancreatic tumor without subsequent radiochemotherapy. In Case
2, laparoscopic surgery was performed to remove the retroperitoneal
peripancreatic tumor without subsequent radiochemotherapy.

Related reports

Unicentric Castleman disease (UCD) is a rare disease of lymph nodes and
related tissues, and occurrence in the retroperitoneal peripancreatic region
is quite rare. Only a few cases of UCD together with follicular dendritic cell
tumor have been identified. At present, complete resection of the tumor is still
the most effective treatment for retroperitoneal peripancreatic UCD with low
recurrence and high cure rates.

Term explanation

Follicular dendritic cell tumor is an uncommon neoplasm that has features of
follicular dendritic cell differentiation, and typically presents as a slow-growing,
painless mass without systemic symptoms. The tumor can occur on various
parts of the body such as lymph nodes, tonsils, armpits and mediastinum, but is
most common in the neck lymph nodes.

Experiences and lessons

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

At present, complete resection of the tumor is still the most effective treatment
for retroperitoneal peripancreatic UCD with low recurrence and high cure
rates. The diagnosis of retroperitoneal peripancreatic UCD is still dependent
on histopathology. The two rare cases of retroperitoneal peripancreatic UCD

Case characteristics

Case 1 is a 48 year old female patient who presented with lymph node

WJG|www.wjgnet.com

3962

September 14, 2018|Volume 24|Issue 34|

Cheng JL et al . Retroperitoneal peripancreatic UCD

A

B

C

Figure 5 Surgery of the retroperitoneal peripancreatic unicentric Castleman disease in Case 2. A: The lesion was located below and behind the transverse
mesocolon with a volume of 3.5 cm × 3 cm × 3 cm. Intraoperative ultrasonography indicated that the tumor had an abundant blood supply, and its right side was
close to the inferior mesenteric artery and vein; B: Image of the free tumor; C: The tumor was completely excised.

A

B

C

D

E

F

Figure 6 Pathological examinations of the tumor in Case 2. A: The tumor was 3.5 cm × 3 cm × 3 cm in size. It had a smooth surface, complete envelope, and
was white to tan in appearance; B: Pathological section analysis of UCD (HE, × 100); C: Pathological section analysis of UCD (HE, × 200); D: Pathological section
analysis of UCD (HE, × 400); E: Pathological section analysis of FDCT (HE, × 200); F: Pathological section analysis of UCD together with FDCT (HE, × 200). HE:
Hematoxylin and eosin; UCD: Unicentric Castleman disease; FDCT: Follicular dendritic cell tumor.
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included in this report will improve our understanding of this disease and
provide a significant reference for future cases.
11
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Abstract
Esophageal carcinoma is a highly lethal cancer associated
with high morbidity and mortality. Esophageal squamous
cell carcinoma and esophageal adenocarcinoma are the
two distinct histological types. There has been significant
progress in endoscopic diagnosis and treatment of early
stages of cancer using resection and ablation techniques,
as shown in several trials in the recent past. Earlier
detection of esophageal cancer and advances in treatment
modalities have lead to improvement in the 5-year survival
from 5% to about 20% in the past decade. Endoscopic
eradication therapy is the preferred modality of treatment
in cancer limited to mucosal layer of the esophagus as
there is very low risk of lymph node metastasis, leading
to high cure rates, low risk of recurrence and with few
adverse effects. The most common adverse events seen
are strictures, bleeding and rarely perforation which can
be endoscopically managed. In patients with recurrent
advanced disease or invasive tumor, esophagectomy with
lymph node dissection remains the mainstay of treatment.
There is debate on post-endoscopic surveillance with
some studies suggesting closer follow up with upper
endoscopy every 6 mo for the first 1-2 years and then
annually for the 3 years while others recommending the
appropriate action only if symptoms or other abnormalities
develop. Overall, the field of endoscopic therapy is still
evolving and focus should be placed on careful patient
selection using a multidisciplinary approach.
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to the mucosa or submucosa of the esophagus with
no evidence of spread. About 20% of all the cases of
[7]
esophageal cancers diagnosed constitute early cancer .
Surgery with esophagectomy is considered the standard
treatment with an estimated 5-year survival rates up
to 90% in tumors which are confined to the mucosal
[8]
layer . However, esophagectomy, being a surgical pro
cedure, has its own pitfalls with an operative mortality
[8,9]
rate of about 2% and morbidity rate of 10% .
Endoscopic eradication therapy (EET) has emerged
as a popular method for treatment of early esophageal
cancer with favorable outcomes. Studies have found
comparable outcomes between EET versus surgery in
[10,11]
terms of long term survival
. A recent population
based study utilizing the Surveillance, Epidemiology and
End Results Program (SEER) database compared 2-year
and 5-year overall survival and esophageal cancer specific
mortality in patients undergoing EET and esophagectomy.
They found no difference in cancer related mortality at
2-year (EET: 10.5% vs esophagectomy: 12.7%, P = 0.27)
and 5-year (EET: 36.7% vs esophagectomy: 42.8%, P
[7]
= 0.16) follow up . These results were found in patients
with T0 (carcinoma in situ/high grade dysplasia) and
T1a (limited to lamina propria or muscularis mucosa).
It is imperative to understand that patients with cancer
limited to the mucosa have a very low risk of lymph node
[11]
metastasis (0% to 2%) and hence are candidates for
EET. However, there are no randomized controlled trials
that can provide definitive evidence comparing EET with
surgery in terms of superiority.

Core tip: Endoscopic eradication therapy (EET) plays a
pivotal role in the management of patients with early
esophageal cancer who are at very low risk for lymph
node metastases. The main advantage of EET over
surgery is the lower morbidity and mortality rates with
similar cure rates, five-year survival rates and better qua
lity of life. These excellent outcomes are tempered by
the need for multiple treatment sessions for complete
eradication and risk of post eradication recurrences.
Careful patient selection by a multidisciplinary approach
and patient compliance are crucial for treatment success.
Malik S, Sharma G, Sanaka MR, Thota PN. Role of endoscopic
therapy in early esophageal cancer. World J Gastroenterol 2018;
24(35): 3965-3973 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i35/3965.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i35.3965

INTRODUCTION
Esophageal carcinoma is the sixth most common cau
[1]
se of cancer death globally . Two histological forms
exist: esophageal squamous cell cancer (ESCC) and
esophageal adenocarcinoma (EAC). ESCC is the most
common histological subtype globally, especially in
[2]
areas of eastern Asia and Africa and is associated with
heavy tobacco and alcohol use. The other histological
form is EAC, seen more commonly in the Western world
and associated with chronic gastroesophageal reflux
[3]
disease . Esophageal carcinoma is a lethal cancer with
[4]
a five-year survival rate of 19% due to the fact that
more than 70% of cancers have spread beyond the
esophagus by the time of diagnosis. In patients with
cancer confined to the esophagus, the curative treatment
is usually esophagectomy with or without chemoradiation
[5]
therapy . These intensive treatment regimens lead
to poor quality of life even after therapy and can be
associated with recurrences. However, with the advent
of organ sparing endoscopic interventions in the past
two decades, cure rates of early cancer similar to those
with surgery are reported with much better quality of
life. There has been significant progress in endoscopic
diagnosis and treatment of dysplastic tissue and early
stages of cancer using resection and ablation techniques,
as shown in several studies in the recent past. Detection
of esophageal cancer at an earlier stage and better
utilization of treatment modalities, mainly surgery, has
lead to improvement in the 5-year survival from 5% to
[4,6]
about 20% in the past decade . This editorial provides
an understanding of the role of endotherapy in the
treatment of early esophageal cancer, patient selection
and the clinical outcomes of different modalities.

PATIENT SELECTION
EET, which entails endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD), is increa
singly used in the management of early esophageal
cancer with expanding indications. It is not only used
for treating precancerous lesions such as Barrett’s eso
phagus (BE) with dysplasia, squamous dysplasia and
intramucosal cancer (IMC) but also in selected cases
[12]
of submucosal cancers (T1b) . Submucosal tumors
are further classified into sm1 (involving one third of
submucosa), sm2 ( involving two thirds of submucosa
and sm3 ( involving lower third of the submucosa). Since
EET will address only disease confined to esophagus, the
key factor is to exclude those patients who may have
local or distant metastases. Therefore, patients should
be evaluated with endoscopic ultrasound (EUS) and posi
tron emission tomography (PET) scan for the spread
of disease and have a multidisciplinary evaluation with
oncologists, thoracic surgeons, pathologists and radiation
oncologists before embarking on EET. Patients are to be
counselled on the need for multiple treatment sessions
and post eradication surveillance.

Candidates for EET in ESSC

According to the 2011 National Comprehensive Cancer
Network (NCCN) guidelines, patients with squamous
cell dysplasia (low-grade and high grade intra-epithelial
neoplasm/carcinoma in situ) and T1a where the tumor

EARLY ESOPHAGEAL CANCER
Early esophageal cancer is defined as disease confined

WJG|www.wjgnet.com

3966

September 21, 2018|Volume 24|Issue 35|

Malik S et al . Endoscopic therapy in esophageal cancer
[26]

invades the lamina propria and muscularis mucosa wi
thout lymph node or vascular invasion are candidates for
[13]
EET . In ESSC, the risk of lymph node metastases is 0%
to 6% for IMC, 8% to 30% for sm1, 30% for sm2 and
[11,14-16]
60% to 70% for sm3 cancers
. Therefore treatment
differs between T1a and T1b with the latter being treated
with esophagectomy. As per Japanese esophageal society
guidelines for early SCC, indications for EET are IMC
involving the epithelium and lamina propria occupying
less than 2/3 of the lumen of the esophagus with relative
indications being involvement of the muscularis mucosa
[17]
or < 200 μm invasion of the submucosa . For lesions
larger than 15 mm, lesion with poor lifting and for better
assessment of the depth of invasion in case of suspicion
[18]
for submucosal invasion, ESD may be considered .

parent plastic cap to the end of the endoscope . After
submucosal injection under the target lesion, the lesion is
sucked into the cap and resected using a diathermy loop
that has previously been loaded onto a specially designed
groove on the lower edge of the cap. This is often re
ferred to as the “suck and cut” technique. Preloading of
the loop is easily done in the gastric antrum by applying
slight suction to the mucosa and carefully advancing
the snare until it is placed exactly in the rim at the distal
margin of the cap. The borders of the lesion are marked
with electrocautery, before the submucosal injection as it
is difficult to identify the borders following the injection.
Another alternative to cap-assisted technique is
using a ligation device, based on the same principle of
[27]
“suck and cut” . This is the commonest technique per
formed in the United States. After the target lesion is
sucked into the cylinder of the ligation device, there is
creation of pseudo-polyp using a rubber band which is
released simultaneously at the base of this polyp. The
band is subsequently released in a few seconds following
the prolapse of the mucosa and submucosa into the
cylinder. Following this, the ligation device is removed
after withdrawing and re-introducing the endoscope and
introducing the loop. The main advantage of this method
in comparison with cap resection, is that previous sub
mucosal injection is not necessary. The ligation devices
[28]
come in both single use and reusable forms . Recently,
newer ligation cylinders have been developed with mul
tiple rubber bands and a facility for advancing a snare
through the working channel of a regular endoscope
enabling the endoscopist to perform multiple resections
without having to withdraw and reintroduce the endo
[29]
scope .
Both the above described techniques have shown
similar efficacy and safety in terms of resection of early
esophageal cancers. In a prospective randomized study,
100 consecutive endoscopic resections were performed
[30]
in 72 patients with early stage esophageal cancer .
There were no significant differences in terms of the ma
ximum diameter of the resection specimen, resection
area and the complication rate. Stepwise endoscopic
resection technique (SRER) entails resection of BE in
multiple sessions with an eventual complete removal of
[24]
the segment . Eligible candidates are those with BE
length of 5 cm or less, a histological diagnosis of high
grade intraepithelial neoplasia or invasive cancer without
poor differentiation, lymphovascular spread or positive
[24]
resection margins .

Candidates for EET in EAC

In EAC, the rate of lymph node metastasis in T1a is
0% to 2% and for sm1, sm2 and sm3 cancers is 0%
[11]
to 22%, 0% to 30% and 20% to 70% respectively .
Therefore, EET is considered in high grade dysplasia,
and IMC lesions with low risk of submucosal invasion.
These include TypeⅠ (polypoidal), Ⅱa (slightly elevated),
Ⅱb (flat) and Ⅱc (slightly depressed) based on Paris
classification and smaller lesions (less than 20 mm),
histological grades G1 and G2, or high grade dysplasia
[19]
on biopsy . Lesions which are excavated, poorly/
undifferentiated on biopsy or with lymphadenopathy de
tected on EUS are better managed by surgery.
Overall, the rate of lymph node metastasis is higher
[20]
in submucosal invasion by SCC as compared to EAC .
Therefore, stage T1b in ESCC is usually treated surgically
with esophagectomy.

EET TECHNIQUES
EET involves endoscopic resection of the cancer followed
by ablation of surrounding precancerous tissue to prevent
recurrences. The widely used resection techniques are
EMR and ESD.

EMR

EMR was initially started in Japan for management of
[21]
gastric cancer , however, it is now being increasingly
used for carcinomas of gastrointestinal tract confined
to mucosa and submucosa not only for therapeutic be
nefits but also for its diagnostic value in staging and
ascertaining the depth of invasion as well as degree of
[22-25]
differentiation and lymphovascular invasion
.

Outcomes of EMR: EMR, as an effective treatment
[27]
modality for early EAC was first reported by Ell et al
in 2000, where complete remission was seen in 97% of
the patients with low risk EAC versus 59% in high risk
EAC. However, recurrent carcinomas developed in 14%
and 17% in high risk and low risk groups respectively
[27]
at a mean follow up of 1 year . To reduce the risk of
[24]
recurrences, SRER was described by Pouw et al , which
led to sustained eradication of neoplasia in 95.3% but

EMR technique: The commonly used techniques can be
categorized as cap- and ligation-assisted. The simplest
technique available is based on snare resection after
lifting the submucosa with a saline-epinephrine injection.
This is rarely performed in the esophagus now as this is
restricted to pedunculated lesions only.
The cap-assisted technique, first described by Inoue
and Endo, involves attaching a specially developed trans
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Table 1 Comparison of various modalities of endoscopic resection techniques for esophageal cancer
Technique

Focal EMR with ablation

Efficacy in ESCC
Efficacy in EAC
Recurrence
Adverse events

SRER
[34]

Curative resection rate 58.6%
Eradication of neoplasia 93.4% and
eradication of metaplasia 73.1%[75]
11% for ESCC[34],
1.4% for EAC[75]
Stricture (5% to 14%)[25,61,62], bleeding
(1.1%)[75] and perforation (0.2%)[75]

ESD
[36]

Curative resection rate 92.3%
Eradication of neoplasia 94.9% and
eradication of metaplasia 79.6%[75]
0.7% for EAC[75]
6.9 % at one year for ESCC[36]
Strictures (33% to 88%)[24,37], bleeding
(2.4% to 25%)[24]
and perforation (1.3%)[75]

Curative resection rate 99% to 100%[46]
95% to 97% curative resection rate[44,45]
0.9% to 9.8% for ESCC[58],
0.17% for EAC[56]
Stricture (15% to 60%)[52], bleeding (0.9% to
6.7%)[52,53] and perforations (3%)[55]

ESCC: Esophageal squamous cell carcinoma; EAC: Esophageal adenocarcinoma; EMR: Endoscopic mucosal resection; SRER: Stepwise radical endoscopic
resection; ESD: Endoscopic submucosal dissection.

found to be associated with strictures requiring repeated
dilations in 49% of patients. Therefore focal EMR with
ablation of residual mucosa has been described with
equivalent outcomes but low rate of strictures compared
[25,31]
to SRER
. A recent study of 1000 patients with IMC
undergoing EMR, showed excellent long term outcomes
with 96% of the patients achieving complete response
[32]
with 10-year survival rate of 75% . Other studies
have also shown 5-year survival in upto 95% to 98%
[27,33]
patients with both early SCC and EAC
. The longterm outcomes of EMR for SCC are less reported. In a
Japanese study of 204 patients with early SCC treated
with EMR followed by ablation in the presence of positive
margins, 11% of patients experienced recurrence during
[34]
a median follow of 36 mo . All patients were able to be
treated with subsequent endoscopic therapy. Another
study of patients undergoing EMR for ESCC involving
muscularis propria or submucosa showed no significant
difference in 5-year survival when compared to the
[35]
surgical group (95.0% and 93.5% respectively) .

layer is achieved after a circumferential incision around
the lesion with stripping of the lesion from the muscularis
propria. This allows en bloc resection of the lesion,
irrespective of the size and shape. A carbon dioxide
insufflation system is usually used in order to prevent
[43]
mediastinal emphysema .
Outcomes of ESD: Multiple studies have been published
in the literature to look at long term outcomes of ESD.
Curative en bloc resection rates have been reported to be
[44,45]
as high as 100% in ESCC and 95% to 97% in EAC
.
Resection with tumor free lateral and basal margins (R0
resection) rate was 90% in lesions involving muscularis
layer (M3) and about 70% if lesion extends beyond M3
[44]
in BE . More recently, a meta-analysis of 21 studies
on ESD for ESCC, the pooled en bloc resection rate was
99% to 100% for the tumors and R0 resection rate 90%
to 92%. Larger tumors with diameter greater than 2.5
cm achieved lower curative resection rates as compared
[46]
to the smaller tumors .
Overall, ESD has led to excellent en bloc resection
[47,48]
rates and curative resection rates in Asian countries
.
Studies conducted in Europe have shown high en bloc
resection rates up to 95% and curative resection rates up
to 72% with a recurrence rate of 2.5%. Disease specific
survival was 97% with an overall survival of about
[44]
[49]
96% . Ishihara et al in their retrospective study on
136 patients in Japan, showed that ESD was associated
with high curative resection rates irrespective of the size
of the lesion.
ESD has been studied in BE related neoplasia in
studies described from western world, with lesions with
high risk for submucosal invasion, size more than 15 mm
and poorly lifting in nature. The resection rates were not
sufficiently high enough to warrant its use over piece
meal EMR. When performed with ablation, it achieved
[50]
complete remission in 96% of patients . A European
study showed comparable resection rates in BE neoplasia
with both EMR and ESD with complete remission,
however, ESD was associated with more adverse events
[51]
and was more time consuming .

Adverse events after EMR: EMR is generally a safe
procedure with a low risk of complications. With focal
EMR, strictures and bleeding are seen in about 2%
[36]
respectively . SRER or extensive EMR can cause ble
[24]
eding in 2.4% to 25% cases . The rate of stricture
formation is also higher as compared to focal EMR,
with rates as high as 33%-88% as shown in some
[24,37]
studies
. Perforations are rare with EMR and seen in
[38]
0-5% of patients . Focal EMR is associated with high
recurrence rate up to 25% to 33% in BE during follow up
[39-41]
if the residual BE is left untreated
. Therefore, focal
EMR should always be followed by ablation of residual
BE.

ESD

Similar to EMR, the technique of ESD was first attempted
[42]
in 1988 in Japan for early gastric cancers
before
being applied for treatment of early esophageal cancers.
The procedure involves three steps. After marking the
resection borders of the lesion using argon plasma co
agulation (APC) or ESD knife, a submucosal cushion
is created by injecting normal saline or diluted sodium
hyaluronate solution. Finally, dissection of the submucosal
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adverse events similar to, but more frequent, than in
EMR. The most common complications are bleeding
and stricture formation. In patients with BE undergoing
[52]
ESD, bleeding rates are 0.9% to 6.7% and strictures
[52,53]
are reported in 15% to 60% of patients
. In patients
undergoing ESD for ESCC, the rates of strictures may
be higher if the entire circumferential esophagus is
dissected and > 5 cm of longitudinal mucosal defect
[54]
length is present . Perforation rates of 3.3% have been
reported after esophageal ESD in Japan of which, over
[55]
half the patients required open thoracotomy for repair .
A lower hospital volume and female sex were factors
associated with a higher occurrence of complications.
In a meta-analysis of ESD in BE related neoplasia, the
pooled estimates for perforation and bleeding were 1.5%
[56]
and 1.7% respectively with a stricture rate of 11.6% .
Incidence of recurrence after curative resection was
0.17% (95%CI: 0%-0.3%) at a mean follow-up 22.9
[56]
mo (95%CI: 17.5-28.3) .

for ablation of dysplastic tissue after resection of cancer.
It should not be used as the sole treatment modality
for early esophageal cancer. This technique uses a ra
diofrequency generator and balloon/focal ablation ca
theters which deliver radiofrequency energy waveform
to the epithelium, leading to water vaporization, protein
[60]
coagulation and subsequent tissue necrosis .
Combination of focal resection of cancer followed
by ablation of residual BE with RFA showed a complete
eradication of dysplasia and intestinal metaplasia of
[31]
91% and 78%, respectively at one year follow up .
Recurrence of metaplasia is usually seen in the distal part
of esophagus or at the gastro-esophageal junction with
rates between 13% and 33%, necessitating the need for
[31]
lifelong surveillance . Complications seen with RFA are
strictures and rarely, bleeding. Strictures can develop in
5% to 14% patients with comparable rates in patients
[25,61,62]
with prior EMR
.
In contrast to EAC, there is sparse literature on the
use of RFA in early ESCC. In a study of 13 patients with
ESCC who underwent EMR and subsequent circum
ferential RFA, complete eradication was seen after a
[63]
median of two RFA sessions . Three patients developed
stenosis and none had recurrence at 17 mo follow
up. Similarly, in a bigger cohort study on 29 patients
undergoing EMR and RFA for either moderate grade, high
grade or flat type early SCC, 97% patients had complete
[64]
response at 12 mo with no further progression . Re
sults from a United Kingdom registry study on early SCC,
showed some contrasting results with 50% patients
achieving complete eradication at 1 year follow up and
[65]
30% progressing to invasive cancer eventually . Flat
ESCC may be under-staged as it is based on endoscopic
appearance only, hence endoscopic resection therapies
should be preferred over ablation as there might be a
higher risk for tumor progression with failure to com
pletely eradicate them.

Comparison between EMR and ESD

In patients with BE-related neoplastic lesions larger than
15 mm, lesions with poor lifting and to better assess
depth of invasion if submucosal invasion is suspected,
[18,57]
ESD is considered superior to EMR
. However,
EMR is preferred in BE associated neoplasia as ESD
has not been proven to be superior to EMR in terms
[51]
of clinical outcomes in a randomized controlled trial .
[49]
Ishihara et al
in their retrospective study, showed
that in lesions smaller than 15 mm, both the techniques
are comparable in achieving complete resection. In
patients with ESCC, higher R0 resection rates (100% vs
53%) and lower recurrence (0.9% vs 9.8%) has been
associated with ESD as compared to EMR as shown
[58]
in a large retrospective study . Similar results were
seen in a more recent meta-analysis in Asian population
undergoing ESD versus EMR for early esophageal can
[38]
cer . Strictures are frequently encountered in both EMR
and ESD. In a meta-analysis of eight studies, the rates of
[38]
stricture formation were comparable in both groups . A
comparison of both techniques are presented in Table 1.

APC

This is a focal noncontact method of thermal ablation
which uses argon gas to conduct electrical current to
the target tissue and causes tissue necrosis. Its utility
in the management of ESCC is mainly limited to T1a
and T1b lesions which are not amenable to endoscopic
therapy due to underlying comorbidities. It has shown
to be somewhat successful in achieving curative rates
[66]
with less recurrences. Min et al
in their study on 19
patients with ESCC who underwent APC, showed that
95% patients achieved complete response at 1 year
follow up. However, it is less effective in improving long
[67]
term survival in patients with early esophageal cancer .
APC has shown promising results in the treatment of
flat BE lesions which recur or are residual after EMR,
[68]
ESD or RFA . However, its use is fairly limited to pre
cancerous lesions of the esophagus and indications
should be carefully considered in management of early
cancer. There are limited studies on the role of APC in the
treatment of BE lesions. No studies have reported the

ABLATION TECHNIQUES
Ablative treatment mainly implies destruction of the
neoplastic tissue by thermal injury in the form of heat
through burning, coagulation and necrosis or freezing.
Following EMR or ESD, radiofrequency ablation (RFA) or
argon plasma coagulation (APC) are performed typically
after 8-12 wk to eradicate the remaining BE or squamous
[59]
dysplasia . It is important to confirm the absence of
any residual cancer by pathological staging of the spe
cimen. Other ablative techniques such as cryotherapy
and photodynamic therapy (PDT) have been used for in
patients with early stage cancer independent of EMR.

RFA

This is the most widely used ablation technique, primarily
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use of APC in EAC.

PDT

This involves the use of laser therapy which is used to
activate a photosensitizer, administered either orally or
intravenously, to the target lesion leading to ischemia and
cell necrosis. Main indication of PDT is palliative treatment
in advanced cancers and after failure of chemotherapy
and high grade dysplasia in BE. However, some studies
supported the use of this technique in treatment of early
[69]
esophageal cancer. Overholt et al reported use of PDT
in 13 patients with T1-T2 EAC with eradication of 77% of
cancers. In a case series of 14 patients with T1 cancers,
[70]
13 patients had complete eradication of cancer . Tanaka
[71]
et al
in their retrospective study of 38 patients with
early SCC lesions which were too large for endoscopic
treatment, showed complete remission in 87% patients
after undergoing PDT. Similar rates have been observed
[72]
in patients with carcinoma in situ or T1a ESSC lesions .
Main complications of the procedure are stricture for
mation and photosensitivity. They can develop in about
[69,70]
30% and 70% of patients respectively
.

2

Cryotherapy

3

This method involves the use of liquid nitrogen to de
liver thermal energy at -196 degrees Celsius causing
repeated cycles of freezing and thawing target tissue
which leads to immediate as well as delayed necrosis.
In a multicenter study of 88 patients with EAC (39 with
T1a, 25 with T1b, 9 with unspecified T1, and 15 with
T2), complete response of intraluminal disease was seen
[73]
in 55.8% of the patients . The complete response rates
were 76.3% for T1a, 45.8% for T1b, 66.2% for all T1,
and 6.7% for T2 during a mean follow-up was 18.4 mo.
There were no deaths or perforations related to spray
cryotherapy. Strictures developed in 12 of 88 patients
(13.6%) but were present before spray cryotherapy in
3 out of 12 patients. Use of a new cryoballoon system
using nitrous oxide has been developed and its use was
reported in 9 patients with squamous dysplasia and one
with ESCC. All patients were disease free at last visit,
[74]
with a median follow-up time of 10.7 mo .

4

5

6

7

8

CONCLUSION
EET plays a pivotal role in the management of patients
with early esophageal cancer who are at a very low risk
for lymph node metastases. The main advantage of EET
over surgery is the lower morbidity and mortality rates
with similar cure rates, five year survival rates and better
quality of life. These excellent outcomes are tempered
by the need for multiple treatment sessions for complete
eradication and risk of post eradication recurrences.
Careful patient selection by a multidisciplinary approach
and patient compliance are crucial for treatment success.
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EDITORIAL

Biomarkers for hepatocellular carcinoma: What’s new on
the horizon?
Matthias Ocker
unsatisfying and so far only prognostic biomarkers like
α-fetoprotein have been established. No clear predictive
biomarker is currently available for standard of care the
rapies, including targeted therapies like sorafenib. Novel
therapeutic options like immune checkpoint inhibitors
may pose new challenges to identification and validation
of such markers. Currently, PD-L1 expression via immu
nohistochemistry and tumor mutational burden via
next-generation sequencing are explored as predictive
biomarkers for these novel treatments. Limited tissue
availability due to lack of biopsies still restricts the use
of tissue based approaches. Novel methods exploring
circulating or cell free nucleic acids (DNA, RNA or miRNAcontaining exosomes) could provide a new opportunity
to establish predictive biomarkers. Epigenetic profiling
and next-generation sequencing approaches from liquid
biopsies are under development. Sample size, etiologic
and geographical background need to be carefully
addressed in such studies to achieve meaningful results
that could be translated into clinical practice. Proteomics,
metabolomics and molecular imaging are further emer
ging technologies.
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Core tip: Hepatocellular carcinoma (HCC) is a hetero
geneous disease with various underlying etiologies and an
overall still poor prognosis. Biomarkers to identify optimal
treatment for distinct patients are still lacking for HCC due
to limited availability of biopsies. Novel treatment options,
esp. immune checkpoint inhibitors, may need novel bio
marker approaches and non-tissue based technologies
might provide a solution to identify those biomarkers. In
this article, the current status of biomarker identification
for HCC is discussed.

Abstract
Treatment of advanced hepatocellular carcinoma remains

WJG|www.wjgnet.com

3974

September 21, 2018|Volume 24|Issue 35|

Ocker M. Biomarkers for HCC
HCC. Initial phase 2 data indicated that pretreatment
levels of phosphorylated ERK (p-ERK) correlated with
[16]
time to progression (TTP) , which was later confirmed
[17,18]
by several preclinical and in vitro studies
. Due to
limited availability of tissue samples, this finding could
not be confirmed in the registrational phase 3 study
[19]
(SHARP trial) . Instead, an extensive program investi
gating different biomarkers from plasma samples was ini
tiated. Surprisingly, none of the investigated biomarkers
predicted the response to sorafenib while biomarkers
related to clinical performance, e.g., vascular invasion
or AFP, as well as markers of angiogenesis like Ang2
or VEGF were shown to be independent predictors of
[20]
survival in patients with advanced HCC
and thus
need to be seen rather as prognostic biomarkers. In
other smaller studies, elevated p-ERK and VEGF2 tissue
levels were shown to be predictive for poor response
to sorafenib treatment in a cohort of 77 advanced HCC
[21]
patients . Similarly, high p-ERK correlated to poor
overall survival, but not time to progression, in another
[22]
study with 44 patients . Interestingly, also the multikinase inhibitor regorafenib, which was recently approved
for second-line therapy of HCC, stratified patients only on
clinical parameters and thus does not have a predictive
[23]
biomarker available so far for HCC patients , while
promising results on plasma circulating cell free DNA
[24]
were obtained for patients with colorectal cancer .
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
rd
primary tumor of the liver and ranks 3 in cancer-related
[1,2]
deaths worldwide . While its incidence continues
to be high in Africa and Asia, Western countries also
showed increasing incidences rates in the past decades
due to chronic hepatitis C virus (HCV) infection, alcohol
consumption and high rates of obesity linked to nonalcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH) and subsequent development
[3,4]
of chronic liver disease with cirrhosis . Although, a
slight improvement in global HCC mortality was recently
reported, certain sub-populations and regions esp. in
Western countries still have an unfavourable prognosis
and risk assessment with continuous high incidence and
[5,6]
mortality . Curative treatment options like surgical
resection or orthotopic liver transplantation are only
feasible in a minority of patients at early disease stages
and with preserved liver function. Thus, the overall
prognosis for patients with HCC remains unsatisfying,
its 5 year survival being a dismal 6.9%, an incidence to
mortality ratio of 0.95 and a median overall survival of
[7]
only 11 mo . For advanced stages, treatment is based
on multi-kinase inhibitors like sorafenib or regorafenib,
while recent data indicate that immune checkpoint
inhibitors will lead to increased response rates also in this
[8,9]
setting .
Biomarkers are defined as characteristics that are
measured as indicators of physiologic or pathologic
processes or in response to various diagnostic or the
rapeutic procedures. The reader is referred to the recent
definitions of the FDA-NIH Biomarker Working group
[10]
for full definition of different biomarker types . Various
prognostic biomarkers, e.g., α-fetoprotein (AFP), AFP-L3
or Des-γ-carboxyprothrombin (DCP), are currently
used or under investigation for the early diagnosis and
surveillance of HCC patients. Here, newer biomarkers
like osteopontin, glypican-3 or high c-met expression
have shown additional value, esp. when combining
these parameters as was shown for osteopontin and
[11-13]
AFP
. Yet, little progress was achieved in developing
predictive biomarkers for targeted and other novel
[14,15]
treatment options
. In this article, the current status
of predictive biomarkers for identification and selection of
patients for novel therapies will be discussed.

BIOMARKERS FOR IMMUNE
CHECKPOINT INHIBITORS
The recent success of immune checkpoint inhibitors in
other cancer diseases also triggered various approaches
in HCC. As HCC development is commonly based on
chronic inflammatory liver diseases (viral hepatitis,
NASH), a clear rationale to investigate this new treatment
paradigm is clearly given. Initial results using anti-CTLA-4
or anti-PD-1 antibodies are encouraging and lead to
accelerated approval of the anti-PD-1 antibody nivolumab
[25,26]
for the treatment of advanced HCC
. Combination of
checkpoint inhibitors seem feasible and the use of such
drugs together with locoregional procedures in early
disease settings might even further improve outcome of
[27]
patients .
Still, a significant number of patients (> 60%) do
not respond to these novel therapies. Biomarker-based
enrichment was initially based on immunohistochemical
expression of the respective checkpoint targets, but
recent data from various indications suggest that this is
[28]
not the strongest predictor for treatment response .
This could be due to the still tissue based scoring of
target expression with an intrinsic risk for sampling error
[29,30]
in heterogenous solid tumors
or due to the still not
[31]
completely understood biology of checkpoint inhibition
as evidenced by approx. 10% of patients who do not
[32]
express PD-L1 but respond to treatment .

BIOMARKERS FOR TARGETED
THERAPIES

LIQUID BIOPSIES

Sorafenib is the current standard of care for advanced

It is intriguing that many promising and potent drugs,
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e.g., sunitinib, everolimus, brivanib or tivantinib, failed
in HCC clinical trials. Besides careful selection of patients
based on clinical parameters like liver function or vessel
invasion, all-comer trials are nowadays not considered
appropriate and identification of specific patient sub
groups based on distinct molecular subtypes is therefore
[33-35]
urgently requested
.
In HCC, lack of biopsies and different etiologic back
grounds hampered the identification and validation of
such markers for the currently available treatments.
Even today, practice guidelines do not recommend taking
biopsies of every patient although risk of bleeding and
needle track seeding are infrequent and should not be
[36,37]
seen as a reason against taking a diagnostic biopsy
.
The latest EASL practice guidelines strongly recommend
liver biopsy and blood sampling from patients partici
[37]
pating in clinical and diagnostic trials .
Genomic profiling established distinct molecular
subclasses of HCC that were also linked to specific
gene mutations and clinical and histological features.
Two major groups, the proliferative (chromosomal in
stable) and the non-proliferative (chromosomal stable)
group, were defined which comprise approx. 50% of
HCC cases each. Further analyses defined a stem cell/
hepatoblast like and a TGFβ related subgroup in the
proliferative group, as well as a hepatocyte like and a
Wnt/β-catenin related subgroup in the non-proliferative
[34,38]
group
. While the overall impact of this classification
is still under debate, additional common mutations and
genetic alterations were described. Overall, mutations
in telomerase signaling, the p53 and cell cycle control
pathway as well as in Wnt/β-catenin signaling are com
monly observed while rarer events include mutations in
the Ras/PI3K/mTOR pathway, JAK/STAT signaling and
[38,39]
other pathways
. Interestingly, no clear individual
oncogenic driver has been identified in HCC so far and
HCC is considered a cancer with medium to low muta
tional burden.
Analyzing tumor nucleic acids from other sources
than tissue, i.e., from circulating tumor cells, cell free
DNA/RNA or exosomes, could help to overcome the
above mentioned limitations. Liquid biopsies usually de
tect expression levels, methylation status or mutations
of distinct tumor related nucleic acids, including DNA,
RNA and miRNAs originating from circulating tumor cells
or being shed into the blood directly from living or dying
tumor cells. While this approach is considered to reduce
[40,41]
sampling error compared to solid tumor biopsies
,
there are still technical limitations to this technology.
The success rate of detecting circulating tumor cells is
depending on the size of the tumor and results seem
highly variable, ranging from approx. 25% to 100% suc
cess rate within different populations and with different
[42]
technical approaches . Similar results were obtained for
[43,44]
genetic analyses of circulating DNAs
. Surprisingly,
also these studies seem to be underpowered when
considering different etiologic and geographical back
ground. A clear advantage of liquid biopsies is also
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the option of taking serial samples from a patient to
detect changes during disease history and imposed by
[45]
treatment .

PROTEOMICS, GLYCOMICS AND
IMAGING
As the liver is the primary secretory and metabolizing
organ of the body, the use of proteomics and glycomics
(usually by liquid chromatography-mass spectrometry
(LC-MS) or matrix assisted laser desorption ionizationtime of flight (MALDI-TOF) mass spectrometry analysis)
could provide an option to identify novel biomarkers,
too, without the current limitations of tissue based ana
[46]
lyses. Several proteomic factors, e.g., CD44v9
or
[47]
Hippocalcin-like 1 (HPCAL1) , including various multimarker approaches were used as prognostic or diagnostic
[48-52]
biomarkers for HCC or to predict recurrence
.
Similarly, glycomics-based tests like GlycoCirrhoTest
or analysis of N-glycans were developed as further
diagnostic tools for better surveillance of patients at risk
[14,53-55]
of HCC development
. So far, these approaches
were not used in a predictive setting in advanced HCC.
Beyond LC-MS or MALDI-TOF analysis, functional and
molecular imaging represents a further technology to
identify potential biomarkers for HCC. Functional imaging
is using dynamic computed tomography, dynamic
magnetic resonance imaging and diffusion weighted
magnetic resonance imaging approaches and is now
well established to detect changes in e.g., fibrosis grade
[56]
or angiogenesis and for early diagnosis of HCC . The
18
development of novel radiotracers (beyond F-FDG) for
PET imaging could bridge the findings from proteomics
and metabolomics analyses to imaging and thus add
useful and important information on tissue distribution
to these data. Today, molecular imaging for primary
liver tumors is still limited by e.g., lack of specific tracer
[57]
uptake into malignant cells .

CONCLUSION
Predictive biomarkers are considered key for the success
of developing new drugs. The further development of
emerging technologies that are not dependent on tissue
will also increase our knowledge for the better treatment
of patients but more homogeneous study design re
garding technologies and patient characteristics need to
be done to achieve meaningful sample sizes with results
that can be robustly translated into clinical applications.
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Pediatric hepatocellular carcinoma
Rajeev Khanna, Sanjeev Kumar Verma
common malignant liver tumor in children after hepato
blastoma. It differs from the adult HCC in the etiological
predisposition, biological behavior and lower frequency
of cirrhosis. Perinatally acquired hepatitis-B virus, hepa
torenal tyrosinemia, progressive familial intrahepatic cho
lestasis, glycogen storage disease, Alagille’s syndrome
and congenital portosystemic shunts are important predis
posing factors. Majority of children (87%) are older than
5 years of age. Following mass immunization against
hepatitis-B, there has been a drastic fall in the incidence
of new cases of pediatric HCC in the Asia-Pacific region.
Management is targeted on complete surgical removal
either by resection or liver transplantation. There is a
trend towards improving survival of children transplanted
for HCC beyond Milan criteria. Chemotherapeutic regi
mens do not offer good results but may be helpful for
down-staging of advanced HCC. Surveillance of children
with chronic liver diseases with ultrasound and alphafetoprotein may be helpful in timely detection, intervention
and overall improvement in outcome of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a rare malignancy
of childhood affecting predominantly adolescent males
with an overall poor survival. Both hepatoblastoma and
HCC together account for 0.5%-1.5% of all childhood
malignancies and 4% of all pediatric liver transplantations

Abstract
Pediatric hepatocellular carcinoma (HCC) is the second
WJG|www.wjgnet.com
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[1-4]

(LT) . Hepatoblastoma constitutes about 67%-80% of
all pediatric liver cancers worldwide, remaining 20%-33%
are HCC. The proportion of HCC among pediatric liver
cancers varies and depends on the geographical locale
and prevalence of Hepatitis-B virus (HBV) infection in the
[2,3,5]
community
. There are two distinct subsets of HCC in
the pediatric age group - first, in the setting of cirrhosis
or underlying metabolic, infectious or vascular liver
disease, and second, sporadic HCC without preceding
liver disease. Tyrosinemia and perinatally acquired HBV
[1,2,6,7]
infection are two major risk factors
. Cirrhosis is
[6,7]
absent in 26%-62% of childhood HCC . Fibrolamellar
variant of HCC is seen in 24% with a relatively better
[8]
prognosis . In the present review, we tried to elaborate
various risk factors, therapeutic and preventive strategies
and outcome of pediatric HCC.

under-7 criteria, for purpose of staging and stratifying
patients who may or may not benefit from LT have not
[11]
been prospectively applied in children . Small case
series have tested the applicability of Milan criteria
in pediatric HCC and found that in contrast to adults
LT offers better cure in children falling beyond Milan
[14,18,22,23]
criteria
. The reasons may be related to different
biological behavior of the tumor and less aggressive
nature of the disease. The survival of children with HCC
has improved dramatically over last 3 decades with
comparable or even better survival rates than adults
[13,18,22-26]
with similar severity of disease
. This is primarily
due to early diagnosis, improvement in surveillance and
most importantly, advancement in surgical techniques.
Lastly, in contrast to adult HCC which is chemo-resistant
and radio-resistant, a proportion (39%) of pediatric HCC
[27]
respond to chemotherapy .

ADULT VS PEDIATRIC HCC - ARE THEY
DIFFERENT DISEASES?

EPIDEMIOLOGY OF PEDIATRIC HCC
Geographical variation in the etiological predisposition for
pediatric HCC is largely determined by the prevalence
of HBV infection. In regions with high endemicity of
HBV, most of the pediatric HCC cases are secondary
to perinatally acquired HBV, while in the low endemic
regions, tyrosinemia and other metabolic disorders are
[7,10,12,18,22,27-31]
common causes
(Tables 1 and 2).

Pediatric HCC differs from its adult counterpart in va
[9,10]
rious aspects
. Adult HCC usually develops in the
setting of chronic necro-inflammation going on for
several years to decades secondary to alcohol, viral
hepatitis-B or C or non-alcoholic fatty liver disease
[11]
(NAFLD) . Contrastingly, pediatric HCC develops either
in a cirrhotic or non-cirrhotic background and inciting
agent is either a toxic metabolite (tyrosinemia) or a mu
[1,2,6]
tated virus (HBV)
. Gender predilection, although
has been shown to be present in studies from East, is
[6-8,12-18]
not as marked as in adults
. White children are
[6-8,15]
equally predisposed to develop HCC as blacks
. The
Surveillance, Epidemiology, and End Results (SEER)
database has shown a stable incidence of pediatric HCC
in United States over last 4 decades, whereas in adults
the incidence has almost tripled between 1975 and 2005
primarily because of hepatitis-C, and also contributed by
[5,11]
hepatitis-B, alcohol, obesity and NAFLD
. Fibrolamellar
variant of HCC (FL-HCC) comprises 15%-25% of
pediatric HCC, the corresponding figure in adult popu
[8,15,19]
lation is 5% with a relatively better prognosis
.
There are diverse genetic pathways and mutations for
carcinogenesis in adults with HCC - the common ones
being Wnt/beta-catenin (CTNNB1 and AXIN1 genes),
telomere maintenance (TERT promoter gene), cell-cycle
regulator (TP53 and CDKN2A genes), epigenetic modifier
(MLL, ARID1A and ARID2 genes), AKT/mTOR and Ras/
raf/MAP kinase (FGF 19, PIK3CA and RPS6KA3 genes),
stress oxidative (NFE2L2 and KEAP1 genes) and JAK/
[20]
[21]
STAT (IL6ST and JAK1 genes) pathways . Kim et al
compared expression of G1 phase regulatory proteins
and loss of heterozygosity (LOH) on chromosomal arms
8p, 13q and 17p in children and adults with HBV-HCC.
The expression of cyclin D1 was lower and LOH higher
at 13q in childhood HCC. The different staging systems
used in adult HCC, like Barcelona Clinics on Liver Cancer
(BCLC) staging, Milan criteria, University College of San
Francisco (UCSF) criteria, Japan Integrated staging score
(JIS), Hong Kong Liver Cancer Classification (HKLC) or

WJG|www.wjgnet.com

Age and gender distribution

As per the SEER database conducted over a period of
1973 to 1997 in United States, pediatric HCC constituted
0.3% of all pediatric malignancies and 31% of all pri
mary hepatic malignancies. The overall age-adjusted
incidence rate of pediatric HCC was estimated to be 0.41
(0.24-0.65) per 1000000. The rates were slightly higher
for males than females (0.45 vs 0.37 per 1000000). Of
these, 12.9% were among children below 5 years of age
and 34% were between 15 to 19 years of age. Incidence
is highest (0.8 per million) among adolescents. This is in
contrast to hepatoblastoma where a majority (91.3%)
[5]
of cases belong to under-5 year age group . In most of
the studies, males outnumbered females with a factor
[6-8,12-18]
ranging from 1.27 to 2.45
.
Epidemiological studies from the East have shown
higher incidence of pediatric HCC as compared to West
and this is primarily related to the high prevalence of
perinatally acquired HBV infection. In certain areas
it was reported as the commonest childhood liver
[6,7]
malignancy . There is bimodal age distribution of cases
with first peak at around 1 year of age, then a decline to
trough at 4 years and a second peak at around 12 to 15
[6]
years of age . Male preponderance is more marked in
[6,7,12]
the East with a male to female ratio of 2.1-13.3:1
.A
South-African study has found a gender ratio-difference
of 2.5 between Hepatitis-B surface antigen (HBsAg)
[7]
positive vs negative cases of pediatric HCC .

Racial differences

As per SEER database, whites and non-Hispanics com
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Table 1 Clinical characteristic of children with hepatocellular carcinoma in series from East
Study → Ref.
(yr)
Region
No. of subjects

Males (%)

Age (yr)
Age-group
(n or %)

Wang

Moore

Hsu

Chen

(2016)

et al [26]

(1988, 1998)

South Africa
68

China
65

Taiwan
44, 55

Taiwan
51

China
45

68
(78 in HBV
subgroup)
Mean 10.5
91% > 6 yr
of age

80

Males
dominated

77

93

Turkey
13
(Incidental
diagnosis in 3)
46

India
12
(8 diagnosed in explant
livers)
75

Median 17 (8-20)
-

-

Mean 11 (4-15)
39% < 9 yr of age

Mean 13.5 (3-18)
-

6.4 ± 4.8
-

Median 5.9 (1.6-15.4)
< 5 yr→3
5-10 yr→7
> 10 yr→2
22.5 (2-40)

(2004)

(1987)

-

-

Multifocality

-

62%

62%

-

67% HBV

82% HBV

100% HBV

100% HBV

Histology
(n or %)

HCC 87%
FLHCC 13%

-

-

-

Cirrhosis

-

-

71%, 68%

High in 69%

> 25 ng/mL
in 91%

-

TNM Stage Ⅲ
/Ⅳ in 74%

-

Vascular
invasion
Metastases
Resectability
Outside Milan

(2006)

(2017)

et al [13]

10.2 ± 4.1

Extent or stage
(n or %)

Palaniappan

et al [12]

-

AFP

Arikan

et al [28]

et al [38]

Size (cm)

Etiology

Zhang

et al [10,29]

et al [7]

-

-

31%

NA

17%
40%
NA

(2013)

> 5 cm in 73%
Median 3.4
> 10 cm in 67%
(0.5-8)
56%
92%
Satellite lesions in 18% Median number
of nodules 3
(1-10)
71% HBV
6 Tyr
6 HBV
1 GSD1

-

Well diff 2
Mod diff 4
Poorly diff 6

74%
47%
(95%) in < 9 yr of Child A/B/C 32/8/5
age
-

93999 ± 31228 ng/mL
High in 87%

Advance stage
in 98%

42% PV
17% ⅣC
29%
< 10%, 18%
NA

-

100%
Mean CTP 11.1
± 3.1 and PELD

42%
Median number of
nodules 1 (1-5)
5 Tyr
2 BA
1 BSEP
1 MDR3
1 NSPILBD
1 PSC
1 Caroli’s
Well diff 8
Mod diff 4
(High grade dysplasia
or nodules in adjoining
liver in 50%)
-

19.7 ± 2.4 (1-44)
8000-250000
Median AFP
ng/dL
7.3(1.2-28000) IU/L
High in 92%
High AFP (> 100 IU/L)
in 42%
TNM stage Ⅰ
(20%), Ⅳ (80%)

-

47%

Advance disease
in 92%
54%

13%
NA

24%
27%
NA

0
NA
NA

17%
NA
NA

AFP: Alpha-fetoprotein; BA: Biliary atresia; BSEP: Bile salt export pump deficiency (PFIC2); diff: Differentiated; FLHCC: Fibrolamellar variant of HCC;
GSD: Glycogen storage disease; HBV: Hepatitis-B virus; IVC: Inferior vena cava; LT: Liver transplantation; MDR3: Multidrug resistance protein3 deficiency
(PFIC3); NA: Not assessed; NSPILBD: Non-syndromic paucity of bile ducts; PRETEXT: Pretreatment tumor extent evaluation; PSC: Primary sclerosing
cholangitis; PV: Portal vein; TNM: Tumor node metastasis stage; Tyr: Tyrosinemia; Mod: Moderately.

[8]

prise 72% and 82% of pediatric HCC, respectively .
Hence, the racial differences are not as pronounced as in
adults with HCC.

a relatively stable incidence over last 4 decades (0.62
in 1970s, 0.43 in 1980s, 0.59 in 1990s and 0.62 in
[8]
2000s per million per year) . Contrastingly, data from
East has shown an 85% reduction in the incidence of
pediatric HCC 20-years following introduction of HBV im
[32]
munization .

Time-trend of pediatric HCC

Epidemiological data from 2003 has shown that there
is a declining trend in pediatric HCC from 1973 to 1997.
This is in contrast to almost double the number of cases
[5]
of hepatoblastoma . In a subsequent analysis by SEER
published in 2013, the overall incidence of pediatric HCC
has been estimated to be 0.59 per million per year with
WJG|www.wjgnet.com

Changing epidemiology in the East following hepatitis-B
vaccination

There has been a dramatic change in the incidence
of HBV related HCC in pediatric age-group following
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Table 2 Clinical characteristics of children with hepatocellular carcinoma in series from West
[8,15,30]

[16]

Study→Ref.
(yr)

SEER
(2013, 2013,
2014)

POG
(2002)

Region
Number of
subjects
Males (%)
Age
(yr)

United States
238, 80, 218

United States
46

58
12.9 ± 5.2

Age-group
(%)

0-4 (8-9)
5-9 (14-16)
10-14 (27-29)
15-19 (48-49)
Size
0-5 (21%)
(cm)
5.1-10 (24%)
10.1-15 (36%)
> 15 (19%)
Multifocality Satellite lesions
28%
Etiology
-

Histology
(n or %)

Pham

Lack

Ismail

Romano

(2009)

(2011)

et al [18]

Beaunoyer

et al [23]

et al [31]

et al [17]

et al [22]

Europe
39

United States
32

United States
22

Poland
21

Italy
10

United States
10

57
-

72
Median 12 (4-15)

63
Mean 9.7
(0.5-21)

50
13.1 ± 1.1

Median 11.1
(2-18)

40
Median 1.8
(0.5-7.2)

60
Median 10.1
(4.4-16.3)

< 1 y (6.5)
1-9 y (37)
≥ 10 y (56.5)

-

-

≤ 2 (5)

2-10 (38)
≥ 10 (57)

< 2 (50)
2-5 (30)
≥ 5 (20)

≥ 13 (30)

-

Median 14 (7-26)
cm

-

-

-

Median 5.8
(2-10.5) cm
> 5 cm in 60%

-

56% (4 diffuse)

-

-

-

70%

-

13 HBV
1 Tyr
1 Biliary

-

-

Epithelial 75%
FLHCC 15%
Poorly diff or
clear cell 10%

HCC 84%
FLHCC 16%

-

16%
-

-

4 Tyr
2 HBV
1 HCV
1 A1ATD
1 AIH
1 PFIC
11 no liver ds
High grade2
(29%)
Low grade
(52%)
FLHCC (19%)
52%
1.7-713000 IU/
mL

50%
(2-10 in No.)
3 BA
3 PFIC2
2 Tyr
1 CC
1 GSD4

-

HCC NOS
HCC 78%
58%-74%
FLHCC 22%
FLHCC
24%-41%
Clear cell 1%-2%
≥ 20 ng/mL in
-

Cirrhosis
AFP

[27]

SIOPEL 1
(2002)

(2007)

(1983)

(2-18 )
-

11.8 ± 0.6
(5-25) cm

(2007)

3-12 (70)

4 Viral (3HBV)
1 Tyr
1 Alagille’s
1 PFIC
3 No Liver ds

G1 (1)
G2 (6)
G3 (3)2
No FLHCC

HCC in 9
FLHCC in 1

100%
Median 2322
(3-35000) ng/
mL

50%
Median 446927
ng/mL

Local 27%-28%
Regional
35%-37%
Distant
34%-35%

StageⅠ (8),

38%
Median 9677
(1-1400000)
ng/mL
> 10 ng/mL in
69%
PRETEXT Ⅰ (1),

Ⅱ (0),

Ⅱ (14),

CCG/POG
Stage Ⅰ (60%),

Ⅱ (7),

Ⅱ (1),

Ⅱ (3),

Ⅲ (25),

Ⅲ (11),

Ⅱ (11.5%),

Ⅲ (5),

Ⅲ (1),

Ⅲ (7),

1

Ⅳ (13)

Ⅲ (17%),

Ⅳ (5)

Ⅳ (4)

Ⅳ (0)

Vascular
invasion
Metastases

48%

-

21%

35%

-

Resectability
Outside
Milan

25%
-

22%
-

Lung 31%
Other 18%
36%
-

67%

Extent or
Stage
(n or %)

Ⅳ (13)

PRETEXT Ⅰ (4), PRETEXT Ⅰ (4), TNM Stage Ⅰ (0),

1

Ⅳ (11.5%)

-

22%
-

-

29%

20%

T2 (3), T3 (6), T4
(1)
30%

-

0

-

-

67%
-

48%
86%

NA (All LT)
60%

NA
70%

1

Staging done as Ⅰ, complete gross resection with pathologically negative margins; Ⅱ, gross total resection with microscopic residual disease at margins; Ⅲ,

gross total resection with nodal involvement or tumor spill; and Ⅳ, metastatic disease with either complete or incomplete resection or biopsy; 2Grade as per
Edmondson and Steiner. A1ATD: Alpha-1 antitrypsin deficiency; AFP: Alpha-fetoprotein; AIH: Autoimmune hepatitis; BA: Biliary atresia; CC: Choledochal
cyst; CCG: Children’s cancer group; diff: Differentiated; FLHCC: Fibrolamellar variant of HCC; GSD: Glycogen storage disease; HBV: Hepatitis-B virus;
HCV: Hepatitis-C virus; LT: Liver transplantation; NA: Not assessed; PFIC: Progressive familial intrahepatic cholestasis; PRETEXT: Pretreatment tumor
extent evaluation; POG: Pediatric oncology group; SEER: Surveillance epidemiology and end-results; SIOPEL: Group for epithelial liver tumors of the
international society of pediatric oncology; TNM: Tumor node metastasis stage; Tyr: Tyrosinemia.

introduction of mass immunization against HBV in the
[33]
Asia-Pacific region. Chang et al showed that following
universal HBV vaccination, the average annual incidence
of HCC in children 6-14 years of age declined from 0.70
to 0.36 over a decade. This translated in a corresponding
(50%) reduction in mortality due to pediatric HCC in the
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same age group. Study by Taiwan Childhood Hepatoma
Study Group further showed that the vaccination
program also resulted in reducing boy-girl incidence
ratio for the disease from 4.5 in 1981-1984 to 1.9 in
1990-1996. There was a dramatic reduction in incidence
of disease in boys (relative risk 0.72) over this time
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Glycogen storage diseases Types 1 and 3

Hepatitis-B infection

Poor metabolic control
Size and number of adenomas
Malignant transformation in adenoma

Perinatal acquisition
Immunoclearance state
Early seroconversion (< 3 yr)
HBeAg negative (Pre-core mutants)
Genotype B >>> C
High HBV-DNA
Persistent DNA positivity
Male gender
Maternal HBeAg positivity
Family history of HCC
Absent or incomplete HBV vaccination

Congenital portosystemic shunts
Complete absence of PV (Type 1a)
Presence of NRH, adenoma, dysplasia

HVOTO/BCS
Long standing obstruction
Presence of NRH
ⅣC obstruction

Tyrosinemia
Non usage of NTBC
Late introduction of NTBC (after 1 mo of
age)

Familial intrahepatic cholestasis:

BSEP deficiency
Non-D482G mutations
Presence of 2 protein-truncating mutations

TJP2 mutations
MDR3 deficiency

Alpha-1 antitrypsin deficiency
PiZZ phenotype
Male gender

Male gender
Factor-Ⅴ Leiden mutation
Other metabolic derangements

Biliary atresia

1

Acute intermittent porphyria
1
Porphyria cutaneous tarda
1
Hypercitrullinemia

Alagille’s syndrome

Genetic syndromes
Ataxia telangiectasia
Fanconi anemia
Familial adenomatous polyposis
Neurofibromatosis

Other associations:
HCC
without
cirrhosis

HCC
with
cirrhosis

Sporadic HCC

1

Autoimmune hepatitis
Glycogen storage disease Type 4
1
Wilson disease
1
Hereditary hemochromatosis

33%-50% of Pediatric HCC

Figure 1 Risk factors for pediatric hepatocellular carcinoma. 1Conditions cause HCC in adults, and very rarely in children; 2HBV related HCC may occur in
presence or absence of cirrhosis. BCS: Budd-Chiari syndrome; HCC: Hepatocellular carcinoma; HVOTO: Hepatic venous outflow tract obstruction; IVC: Inferior vena
cava; NRH: Nodular regenerative hyperplasia; BSEP: Bile salt export pump; HCC: Hepatocellular carcinoma; MDR3: Multidrug resistance protein-3; NTBC: [2-(2-nitro4-trifluoromethylbenzoyl)-1,3-cyclohexanedione (Nitisinone); PiZZ: Homozygous PiZ phenotype of alpha-1 antitrypsin; PV: Portal vein, TJP: Tight junction protein.

period. However, for girls there was no decrease in the
incidence and with increasing age a rising incidence was
[34]
observed . Subsequent analysis by the same group
of workers showed that vaccination resulted in almost
70% reduction in the risk of developing HCC adjusted
to age and gender. Moreover, in the vaccination cohort,
the risk of developing HCC was found to be related
to incomplete vaccination (odd’s ratio, OR = 4.32),
prenatal maternal HBsAg seropositivity (OR = 29.5),
prenatal HBeAg seropositivity [with administration of
HBV immunoglobulin (OR = 5.13) and without it (OR =
[32]
9.43)] .

outcome as shown in Figure 2.

Hepatitis-B

Hepatitis-B infection is the commonest cause of HCC
in adults who live in regions with high endemicity like
Southeast Asia and sub-Saharan Africa. HBV constitutes
65% of HCC cases in adults from China and Far East as
compared to < 20% from United States. Chronic carriers
of HBV have upto 30-fold increased risk of development
[11]
of HCC . Pediatric HCC in the setting of HBV infection
usually develops with perinatally acquired infection
[31,35]
and is more common in males with genotype B
.
Gender disparity is universal for all types of HCC and is
related to the protection against the tumor by estrogen
via a complex pathway involving hepatocyte nuclear
[36]
factor-4 . Family studies from Far-East have confirmed
that early infection with HBV, particularly through HBsAg
positive mother, leads to persistent chronic infection in
children, subsequently leading to development of chronic
[36,37]
hepatitis, post-necrotic cirrhosis and HCC
. Majority
of tumors are multi-centric, although cirrhosis may be

PATHOGENIC RISK FACTORS
Various pathogenic risk factors of pediatric HCC have
been illustrated in Figure 1. Hepatocellular cancer may
develop in a cirrhotic or a non-cirrhotic liver, and in the
later scenario it may or may not be associated with
underlying liver disease. Differentiation on the basis of
these two points is important for treatment allocation and

WJG|www.wjgnet.com

3984

September 21, 2018|Volume 24|Issue 35|

Khanna R et al . Pediatric hepatocellular carcinoma
Pediatric HCC
Consider alternative diagnosis when:
Age < 5 yr
AFP < 10 ng/mL
Absence of metabolic, infectious or
vascular liver disease

Etiological work-up
Suggestive dynamic imaging (CT/MR) - Enhancement in
arterial phase and washout in delayed venous phase
Elevated AFP
Other tumor markers

No Liver disease
Sporadic HCC
Look for Genetic Cancer syndromes

Underlying Liver disease

No cirrhosis
HBV, PFIC
GSD-Ⅰ, CPSS

Cirrhosis
HBV, Tyr, A1ATD, PFIC
Alagille’s, GSD-Ⅲ, PSC,

Assess for
Resectability

HVOTO, Porphyria,
Citrullinemia

AIH, HVOTO, WD

Unresectable

Focality, Extrahepatic spread,
Vascular invasion, Distant
Metastasis, PRETEXT stage

Unifocal
PRETEXT
stage 1/2

Extrahepatic
spread or
Distant
Metastasis

Chemotherapy as part of trial
(PLADO, Super-PLADO), Sorafenib
Immunotherapy

Multifocal
PRETEXT
stage 3/4

Resectable

RESECTION

Radiological Intervention:
TACE, RFA

PALLIATION
LT

Reassess

Figure 2 Algorithmic management of pediatric hepatocellular carcinoma. A1ATD: Alpha-1 antitrypsin deficiency; AFP: Alpha-fetoprotein; AIH: Autoimmune
hepatitis; CPSS: Congenital portosystemic shunt; GSD: Glycogen storage disorder; HBV: Hepatitis-B virus; HVOTO: Hepatic venous outflow tract obstruction; LT:
Liver transplantation; PFIC: Progressive familial intrahepatic cholestasis; PLADO: Cisplatin + Doxorubicin; PRETEXT: Pretreatment tumor extent evaluation; PSC:
Primary sclerosing cholangitis; RFA: Radiofrequency ablation; Super-PLADO: Cisplatin, Carboplatin and Doxorubicin; TACE: Transarterial chemo-embolization; Tyr:
Tyrosinemia; WD: Wilson disease.
[12,38]

[39]

absent in 26%-53% of cases
(Figures 3 and 4).
Pediatric HCC secondary to HBV differs from non-HBV
cases with regard to male predominance (68%-93%
vs 50%), older age of presentation (14.5 years vs 10.9
years), presence of cirrhosis (56% vs 23%) and portal
vein invasion (56% vs 23%), but there is no difference
with respect to tumor size, number of lesions or meta
[6-8,12-16,30]
stases
. Thus, HBV related HCC represents more
aggressive and advance disease, and complements its
adult counterpart. An old study from Taiwan on HBV
related pediatric HCC showed that the presence of
cirrhosis is more common in younger children below 9
years of age (95% vs 58%). Hepatitis-B early antigen
(HBeAg) in serum and hepatitis-B core antigen in the
liver tissue were detected in 18% and 11% of cases,
respectively. This coupled with high frequency of cirrhosis
especially in the younger children indicated that early
seroconversion from HBeAg to anti-HBe in association
with severe liver injury plays an important role in
[28]
development of HCC . In a large cohort of chronic
hepatitis-B children from India, HCC was detected in
4.3% at an age between 9 to 14 years with elevated
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transaminases, however 80% didn’t have cirrhosis .
Numerous risk factors for development of HBV re
lated HCC have been studied in adults. Concomitant
liver insults like hepatitis-C, human immunodeficiency
virus, alcohol intake, smoking, non-alcoholic fatty liver
disease, diabetes, ingestion of aflatoxin from Aspergillus
flavum are common in adults but have not been stu
[11]
died in children . Similarly, numerous genetic asso
ciations are known in adults with HBV-HCC, namely
loss of heterozygosity on the KIF1b locus, deletion or
chromosomal loss of DLC1 (Deleted in Liver Cancer 1)
locus, mutations in cytotoxic T-lymphocyte antigen 4
(CTLA-4) gene, promoter region of the Minichromosome
maintenance protein-7 (MCM7) gene and enhancer Ⅱ
(EnhⅡ), basal core promoter (BCP) and precore regions
[40]
of HBV . It has been shown that Pre-S mutations,
C1653T, T1753V, and A1762T/G1764A are associated
[41]
with an increased risk of HCC . A recent study from
China on mother-cord-infant pairs has shown that
the HCC-risk mutations were present in the mothers’
peripheral blood and cord blood but mostly absent
in peripheral blood of 7-mo-old infants. Further, in
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A

B

C

D

E

F

Figure 3 Radiological images in children with hepatocellular carcinoma. A and B: 14 and half years old boy with chronic hepatitis-B (Immunoclearance
phase), HBeAg+, DNA 5 log, AFP = 3 ng/mL (normal), with a segment 3 lesion (2.5 cm × 2.4 cm), BCLC stage A. Contrast-enhanced CT (CECT) image showing
enhancement of the lesion (arrow) in the arterial phase (A) and washout in delayed venous phase (B) in a background of non-cirrhotic liver; C: 10 mo old boy with
infantile cholestasis, bile salt export pump (BSEP) deficiency on immunostaining, incidentally found to have lesion in segment Ⅱ and Ⅳa abutting the capsule,
BCLC stage B. The lesion was T2 hyperintense with enhancement in the arterial phase (arrows) and washout in the delayed phase; D and E: 8-1/2 yr old boy with
decompensated chronic liver disease, chronic hepatitis-B (Immunoclearance phase), HBeAg+, DNA 7 log, AFP = 250000 ng/mL, with multifocal HCC, BCLC stage D,
Child-Pugh C. Contrast-enhanced CT (CECT) image showing heterogenous lesion (arrows, D and E) involving whole of the right lobe with enhancement in the arterial
phase in few lesions (arrows, E) in a background of cirrhotic liver with nodular margins (open black arrows, E), ascites (star, D) and collaterals (black solid arrows, E)
and splenomegaly (star, E); F: 14 yr old girl with hepatic venous outflow tract obstruction, ascites, portal hypertension, incidentally found to have a lesion in segment 4
(1 cm × 1 cm), BCLC stage D, Child-Pugh C. Contrast-enhanced CT (CECT) image showing enhancement of lesion in the arterial phase (arrow).

56 mother-child pairs with documented mother to
child transmission of infection, it was shown that HCC
mutations evolved over first 15 years of age - Pre-S
deletion in genotype B2; C1653T, G2946A/C, C1T/A,
A7C, and pre-S1 start codon mutation in genotype C2;
and A1762T/G1764A and G1896A in both the genotypes,
the mutations consecutively increased in frequencies with
[42]
increasing age .

children. Further, if NTBC is started early (within 30 d of
birth), there is reduction in incidence of HCC from 37%
[43-45]
to 1%, and need of LT from 71% to 26%
. However,
animal models have shown that NTBC treatment fails
to normalize the tyrosinemia-induced alterations in
expression of transcripts encoding proteins involved in
protein turnover, signal transduction, and cell growth and
[46]
proliferation . One of the studies on 16 children who
underwent LT at a median age of 16 mo has shown the
presence of HCC in 12 (75%) liver explants - 7 were
multifocal, 3 with microvascular invasion, and all were
well differentiated. There was 86% tumor-free survival
[47]
at a median of 6.6 years . Contrastingly, report from
Iran has shown that HCC was present in 5 (23%) of the
22 explants, the diagnosis was confirmed before LT in 2
[48]
children .

Tyrosinemia

Tyrosinemia typeⅠ or hepatorenal tyrosinemia is caused
by deficiency of enzyme fumaryl acetoacetate hydrolase
(FAH). Due to blockage in the last step of the tyrosine
degradation pathway, there is accumulation of toxic
metabolites - maleylacetoacetate, fumarylacetoacetate
(FAA), and succinylacetone (SA) - which lead to hepa
tic and renal manifestations of the disease and car
cinogenesis. The incidence of HCC in tyrosinemia is
reported to be 14%-75%, the prevalence increases
[43,44]
with age of the child
. Nitisinone [2-(2-nitro-4trifluoromethylbenzoyl)-1,3-cyclohexanedione, (NTBC)]
blocks the enzyme parahydroxyphenylpyruvic acid
dioxygenase, which is the second step in the tyrosine
degradation pathway, and thus prevents accumulation
of FAA and SA. Usage of NTBC along with low tyrosine
diet leads to survival rates greater than 90% in these

WJG|www.wjgnet.com

Progressive familial intrahepatic cholestasis

Among the list of Progressive familial intrahepatic
cholestasis (PFIC) disorders, Bile salt export pump
(BSEP) deficiency or PFIC type-2 children are especially
predisposed at a young age to develop HCC (Figure
3). There is poor excretion of bile salts through the
canalicular membrane leading to constant exposure of
hepatocytes to bile salts with chronic inflammation and
carcinogenesis. Studies from United States and Europe
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Figure 4 Liver histology images in children with hepatocellular carcinoma. A and B: 15 yr old boy with HBeAg negative chronic hepatitis-B, DNA 4 log, precore
mutant, AFP = 150000 ng/mL, with a large HCC in right lobe, with portal vein thrombosis, BCLC stage C, Child Pugh A, underwent right hepatectomy. Low power view
showing tumor nodules separated by fibrous bands (arrow), adjacent non-malignant parenchyma (star) (100 ×, HE stain) (A). High power view showing malignant
nuclear details with prominent nucleoli and eoisnophilic cytoplasm (400 ×, HE stain) (B); C and D: 14 and half years old boy with chronic hepatitis-B (Immunoclearance
phase), HBeAg+, DNA 5 log, AFP = 3 ng/mL (normal), with a segment 3 lesion (2.5 cm × 2.4 cm), BCLC stage A, underwent non-anatomic resection. Low power view
of tumor showing broadened trabeculae (arrows) (100 ×, HE stain) (C). Trabeculae with malignant cytological features - nuclear atypia and anisocytosis (200 ×, HE
stain) (D).
[54]

mation and may be reversible .
HCC has also been described in a new variant of PFIC
with severe cholestasis - TJP2 (tight junction protein 2)
deficiency. Protein truncating mutations in TJP2 gene
cause failure of protein localization and disruption of
tight junction structure leading to severe cholestatic
liver disease. In presence of these mutations, Claudin
(CLDN1) fails to localise normally to cholangiocyte bor
ders and biliary canaliculus margins, despite normal
protein levels. In the unusually hostile environment of
the canalicular and cholangiocytic membranes, exposure
to high concentrations of detergent bile acids due to TJP2
deficiency lead to hepatobiliary disintegrity, producing
[55,56]
severe liver injury and HCC
. Finally, in multidrug
resistance protein-3 (MDR3) deficiency (PFIC type 3),
HCC has been reported but is less common than BSEP
[57]
deficiency .

showed that HCC occurs in 5%-15% of children with
[49-52]
BSEP deficiency at a young age (13 to 28 mo)
.
Children with D482G mutations have less severe disease
and portal hypertension, while HCC is common in those
[51]
with non-D482G mutations . From the largest cohort
of 128 European children, single-strand conformation
polymorphism analysis and sequencing of ABCB11 gene
identified high risk of HCC (38% vs 10%) in children
[52]
with presence of 2 protein-truncating mutations .
Exome sequencing of the genomes of humans affected
by BSEP and of Mdr2 knock-out mice revealed that a
very few somatic mutations accumulated over time in
the cancer genes. This stands in contrast to adults with
HCC as well as other malignancies where a number of
mutations accumulate over a period of time. Further,
in BSEP individuals and animals, there is massive gene
amplification that affected components of signal trans
duction pathways, such as the ErbB, the PI3K/Akt and
the mitogen-activated protein kinase (MAPK) signalling
pathways and in particular, activators of c-Jun-N terminal
[53]
kinases (JNK) . Another study has provided further
pathophysiologic insights into BSEP mediated HCC. It
showed that BSEP expression is severely diminished in
HCC patients associated with alteration of farsenoid-X
receptor (regulatory nuclear receptors) with increase in
(FXR-α1/FXR-α2) ratio, the later is induced by inflam
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Glycogen storage disorders

In Glycogen storage disorders, HCC develops on a soil
of adenoma (adenoma-carcinoma sequence). Adeno
mas are common in Glycogen storage disorder (GSD)
typeⅠ (glucose-6-phosphatase deficiency) with a fre
quency of 16%-75%. Most of these are seen in the
second and third decade with a mean age between 11
to 19 years. In comparison to adenomas in general
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population, adenomas of GSD-Ⅰa children are more in
number, bilobar in distribution, and without any gender
predisposition. There is regression in size and number
of adenomas with good metabolic control. Malignant
transformation in such adenomas occurs rarely, and in
view of rarity of the event as well as the disease, it is
[58-61]
difficult to estimate the overall risk
. However, the
risk is related to size, number and duration of adenomas,
[60]
and their recurrence . There is no effective biomarker
as alpha-fetoprotein (AFP) and carcinoembryonic antigen
levels are often normal in this setting. In a genetic study,
it has been shown that chromosomal aberrations are
present in 60% of GSD-Ⅰa adenomas which is almost
comparable to general population adenomas, but simul
taneous gain of chromosome 6p and loss of 6q were only
seen in GSD-Ⅰa adenomas. Moreover, these adenomas
also showed reduced expression of insulin-like growth
factor-2 receptor (IGF2R) and large tumour suppressor
kinase-1 (LATS1) candidate tumor suppressor genes
at 6q in more than 50%. This indicates a possible role
of chromosome 6q in malignant transformation of such
[62]
adenomas .
Type Ⅲ GSD (debrancher enzyme deficiency, or
Forbes disease, or limit dextrinosis) differs from typeⅠ in
that the liver enzymes are elevated with hepatocellular
injury, and evidence of ballooning degeneration and
fibrosis. Adenomas are seen in 4%-25% of patients.
Malignant transformation takes place less often, but is
[63,64]
almost always in the background of cirrhosis
. Liver
cancer is rarely seen in Type 4 GSD (brancher enzyme
deficiency, or Andersen’s disease, or Amylopectinosis),
[18]
but has never been reported in types 6 and 9 diseases .

signaling pathway ligand JAGGED1) in 89% and NOTCH2
(encoding one of the Notch receptors) in a small minority.
Carcinogenesis in Alagille’s syndrome is rare but reported
[23,70,71]
in children and adults
. HCC in Alagille’s syndrome
is seen in first or second decade in a background of
[71]
cirrhosis with extensive pruritus . Constitutive intra
cellular domain of Notch2 signalling in the liver leads to
up-regulation of pro-proliferative genes and proliferation
of hepatocytes and biliary epithelial cells, and stimulates
[72]
diethylnitrosamine induced HCC formation in mice .
Recently, yes associated protein (YAP), which is a tran
scriptional co-activator and is responsible to make cancer
cells proliferate in an anchorage independent fashion
and become apoptosis resistant, has been shown to
act by upregulating JAGGED-1 and activation of NOTCH
pathway in mouse models and humans with HCC, colo
[73]
rectal and pancreatic cancers . This may have putative
role in Alagille’s syndrome related HCC, and need to be
studied.

Congenital portosystemic shunts

Nodular transformation in livers of children with con
genital portosystemic shunts (CPSS) is related to dif
[74]
ferential vascular supply . Such nodules may be benign
or malignant. Two largest reviews on CPSS and largest
series from France have shown that extra-hepatic CPSS
(59%) is slightly more common than intra-hepatic CPSS
[74-76]
(41%)
. The common communications are patent
ductus venosus, portal vein to inferior vena cava (Ⅳ
[74]
C), or left portal venous system to ⅣC . Liver masses
have been described in both extra-hepatic (35%) and
intra-hepatic (13%) types at a median age of 8 years,
however the malignant tumors (hepatoblastoma, HCC
and sarcoma) are specifically described in extrahepatic
variety. As per available literature, HCC is seen in 2.5%
[76]
of CPSS cases . Shunt occlusion leads to reduction
in size of benign tumors like focal nodular hyperplasia
and hepatic adenoma, however for malignant tumors,
[74]
resection and shunt occlusion or LT is indicated .

Alpha-1 antitrypsin deficiency

Individuals with homozygous (PiZZ) alpha-1-antitrypsin
deficiency (A1ATD) are at an increased risk for liver
damage, cirrhosis and HCC. Liver cancer is rare in the
[22]
pediatric age group but has been reported . In a recent
systemic review, the prevalence of HCC in adults with
A1ATD is 1.3% with a low yearly cumulative rate of HCC
than other causes of cirrhosis (0.88% per year vs 2.7%
[65,66]
for hepatitis-C cirrhosis)
. However, autopsy data
[67]
in adults has shown the prevalence of HCC of 16% .
Animal models of A1ATD have shown that approximately
69% of the PiZZ mice develop tumors by 16-19 mo
of age and HCC was present without evidence of precancerous lesions or benign adenoma. There was up
regulation of Cyclin-D gene, and elevation of c-Fos and
melanoma cell adhesion molecule (MCAM), all three
factors involved in cell proliferation, tumorigenesis and
[68]
metastasis . The liver injury is related to increased
oxidative stress with an upregulation of redox- regulating
[69]
genes and reduction in levels of antioxidant enzymes .

Biliary atresia: Study from King’s College London has
shown that the prevalence of HCC in biliary atresia is 1.3%
(5 out of 387). All except one were below 5 years of
[77]
age (range 1.1-4.9 years) . On the other hand, biliary
atresia constitutes 0-30% among all causes of pediatric
HCC, particularly from the West, however the figures
[18,22,23,26,27]
may indicate a referral and surveillance bias
.
Cancer in biliary atresia develops on a soil of biliary
cirrhosis with ongoing chronic necroinflammation and
[77,78]
destructive cholangitis
.
Budd-Chiari syndrome: HCC is a known complication
of Budd-Chiari syndrome in adults with a 5-year cumu
lative incidence of 4%. It commonly develops in a liver
with nodular regenerative hyperplasia, and is more
commonly associated with male gender, factor-Ⅴ Leiden
[79]
mutation and inferior vena cava obstruction . We have
described HCC in a 14 years old girl with Budd-Chiari
[80]
syndrome and Celiac disease (Figure 3).

Alagille’s syndrome

Alagille’s syndrome is a multisystem disorder charac
terized by bile ductal paucity and chronic cholestasis.
Mutations/deletions in two genes are known to cause
Alagille’s syndrome: JAGGED1 (encoding the Notch
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Other liver disorders: Autoimmune hepatitis (AIH) and
Wilson disease (WD) are two commonest chronic liver
[81]
diseases in older children . From a systematic review
and meta-analysis on adults with AIH, the risk of HCC is
3.06 per 1000 patient-years, slightly lower than that with
other causes of cirrhosis in adults like hepatitis-B, C, or
[82]
primary biliary cholangitis . The risk of HCC is related to
presence of cirrhosis at the time of diagnosis of AIH (OR
= 4.08) and abnormal transaminases at final observation
[82,83]
(OR = 3.66)
. Although incidence of HCC in children
is rare, but as AIH is a common pediatric liver condition
so it is important to be aware of the carcinogenesis risk
in the long term. Copper accumulation in WD is said
to be protective against tumorigenesis. The estimated
annual risk of HCC from a Dutch study on 140 adults
with WD followed up over 15 years was calculated
[84]
to be 0.09% . From another multicenter European
study of 1186 WD patients, the prevalence of HCC was
[85]
found to be 0.67% . Hence, the risk is significantly
low in WD to advocate regular HCC surveillance. Nonalcoholic fatty liver disease, type 2 diabetes, hereditary
hemochromatosis and porphyria (acute intermittent and
porphyria cutanea tarda) carry high risk of development
[86]
of HCC in adults, but not in children .

scirrhous in 4%. HCC in children with tyrosinemia are
more often well differentiated, have gradeⅠ morphology,
and are solid or trabecular with diffuse clear cell chan
[87]
ge . Premalignant dysplastic foci are commonly found
[47,87]
in adjoining areas of tyrosinemia livers
. HCC in bi
liary atresia have moderately pleomorphic nuclei with
eosinophilic cytoplasm arranged in a trabecular pattern.
In BSEP deficiency, HCCs have varied morphology and
proliferation pattern. On immunohistochemistry, epithelial
cell adhesion molecule (EpCAM), cytokeratin (CK)-19
and Glypican-3 have been found to be more commonly
expressed in pediatric HCC in contrast to adult HCC. In
contrast to hepatoblastoma, pediatric HCC livers less
frequently expressed beta-catenin and more frequently
expressed p53. Further in contrast to fibrolamellar HCC,
there was less expression of CK-7, which is a marker of
[87]
biliary proliferation .

CLINICAL FEATURES
The common symptoms of pediatric HCC are abdominal
mass and pain. Children with advance disease often
have cachexia and jaundice. Other signs and symptoms
of decompensated end-stage liver disease and portal
hypertension (ascites, variceal bleed, encephalopathy,
spider naevi, clubbing) are present in children with under
lying cirrhosis. Upto one-third of pediatric HCCs are
[13,14]
detected incidentally on imaging
. Liver is usually firm
to hard in consistency with irregular margins. Nodular
surface may be appreciable. Splenomegaly and ascites
are related to the degree of portal hypertension (Tables 1
and 2).

Genetic cancer syndromes and sporadic HCC

Certain genetic cancer syndromes confer high risk of
development of HCC in the absence of a metabolic,
infectious or vascular disease of liver (Figure 1).
Sporadic HCC developing in the absence of a known
or unknown liver disease or genetic cancer predis
position is seen in 0-62% of children with HCC, the
proportion is high in areas with low endemicity of HBV
[10,12,13,18,22,23,27-29,31]
infection
.

DIAGNOSIS
The diagnosis of HCC in a child with cirrhosis or a
predisposing liver disease is usually presumed on basis
of elevated AFP levels and abnormal nodule (space
occupying lesion) on ultrasound.

PATHOLOGY
Histologically, most of the pediatric HCCs resemble the
adult type. The common proliferation patterns are solid,
trabecular, acinar or scirrhous, and occasionally clear cell
[47,87]
or steatotic change
. According to the SEER database,
the most common histological subtype of pediatric HCC
is non-fibrolamellar HCC constituting 73% of cases,
followed by fibrolamellar HCC in 25% and clear cell
carcinoma in 2% of cases. These histological subtypes
do not differ with regard to gender, race, ethnicity and
[8]
tumor stage at presentation . Various grading systems
including Edmondson and Steiner grading have been
[13,14,18,22,47]
described
. Tumor gradesⅠ and Ⅱ or low
grade tumors (28%) refer to neoplastic cells with small
nuclei which are slightly enlarged, hyperchromatic, and
have single mitotic figure. While, high grade tumors
(Ⅲ and Ⅳ) comprise cells with large, hyperchromatic
pleomorphic nuclei with numerous mitotic figures and
[22]
sometimes anaplastic foci (Figure 4). An elegant study
from London described pathological details of 26 HCC
nodules in 12 children - morphology was solid in 62%,
trabecular in 35% (two-thirds with thick trabeculae) and
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Imaging

Ultrasound typically shows presence of a heterogenous
hyperechoic mass of variable size with increased vas
[2]
cularity . For further characterization of the mass, a
dynamic imaging, either contrast-enhanced computerized
tomography (CECT) or magnetic resonance (CEMR)
imaging is needed. Typical characteristics of HCC on
dynamic imaging are hyper-enhancement in the arterial
phase (10-20 s) and washout in the portal venous
(60-80 s) and delayed venous (3-5 min) phases. The
“enhancement” is because of the intranodular arterial
supply of HCC, while “washout” is related to early venous
drainage of the contrast, progressive enhancement of
background cirrhotic liver, reduced intra-nodular portal
venous drainage, tumoral hypercellularity with cor
responding reduction in extracellular volume, and intrinsic
[88]
hypoattenuation/hypointensity
(Figure 1). From the
recent adult systematic review and meta-analysis, it was
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found that CEMR has higher sensitivity (82% vs 66%)
and lower negative likelihood ratio (0.20 vs 0.37) over
[89]
CECT for the diagnosis of HCC . It has been proposed
that in adults with non-typical characteristics on imaging,
combined interpretation of dynamic and hepatobiliary
phase of Gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI with
diffusion-weighted imaging (DWI) can improve the
[90]
diagnostic yield of HCC . Although MR avoids radiation
hazard to young children, in view of technical complexity,
expertise, availability, susceptibility to motion artifacts,
need for intubation and poor image quality in presence of
ascites, CT is mostly preferred to look for tumor extent,
[91]
vascular invasion, resectability and metastases .
Contrast-enhanced ultrasound (CEUS) has been shown to
be promising in children with an advantage of minimizing
the exposure to ionizing radiation. In a study on 44
children with focal liver lesions, agreement between
CEUS and other imaging modality (CT or MR) was seen
in 85%, with the specificity and negative predictive
[92]
value of CEUS of 98% and 100%, respectively .
Sonovue® (sulfur hexafluoride with phospholipid shell),
used as contrast for CEUS, has been tested for other
indications in pediatric age-group and is found to be
[93]
extremely safe .

evaluation should be done. While in those without
cirrhosis, diagnosis should be based on suggestive
imaging and high AFP.

DIFFERENTIAL DIAGNOSIS
Hepatoblastoma is an important differential of HCC
especially in children younger than 5 years of age. Pre
disposing factors like low birth weight, maternal preeclampsia, parental smoking, and certain syndromes
like hemihypertrophy (Beckwith-Weidmann syndrome),
familial adenomatous polyposis, Li-Fraumeni syndrome,
Trisomy 18 and Simpson Golabi-Behmel syndrome
favor hepatoblastoma. Imaging features and AFP may
not help to differentiate from HCC. Presence of calci
fication, cystic areas or necrosis may suggest hepa
toblastoma. Evidence of embryonal-type epithelial or
mesenchymal elements on histopathology is almost
diagnostic of hepatoblastoma. However in the presence
of trabecular architecture or well differentiated fetal
[1,2]
epithelial cells, a definite diagnosis may be difficult . A
term “hepatocellular neoplasm not otherwise specified”
[94]
has been coined for such tumors . In older children,
other benign and malignant lesions like focal nodular
hyperplasia, adenoma and undifferentiated embryonal
sarcoma should be considered in the differential of
[1]
HCC .

Tumor markers

Serum AFP elevation, not very sensitive, but has a
fairly good specificity for detection of HCC in at risk
population with liver disease. In adults, it also has a role
[91]
in prognostication and surveillance . Because of the
low incidence of HCC in pediatric age-group and the fact
that AFP levels are elevated in presence of regeneration,
the exact role of surveillance with AFP may be limited.
Nevertheless, the levels are mostly high (67%-92%), as
[7,12-14,16,18,22,26,27]
high up to 1400000 ng/mL
(Tables 1 and
2). Caution should be taken in children with tyrosinemia
with very high AFP values, where a serial change from
the baseline should be considered more informative.
Other tumor markers like fucosylated AFP or Lens
culinaris agglutinin-reactive fraction of AFP (AFP-L3), desgamma-carboxy prothrombin (DCP) or protein adducts
in absence of vitamin-K absence (PIVKA-Ⅱ), glypican-3,
Golgi protein-73, hepatocyte growth factor, insulin
growth factor 1 and transforming growth factor-β1 have
[90]
not been prospectively studied in children .

MANAGEMENT
Staging

Most of the groups working on pediatric liver tumors
like Group for Epithelial liver tumors of the International
Society of Pediatric Oncology (SIOPEL), Pediatric On
cology group (POG), Children’s Cancer Group (CCG)
and Japanese study group for Pediatric Liver tumor
(JPLT) have been using pre-treatment extent of tumor
(PRETEXT) staging system. This system has been
recently updated by the Children’s Hepatic tumors
International Collaboration (CHIC), and has been found
to be a powerful predictor of overall survival of children
with hepatoblastoma and HCC. In contrast to adult
HCC, where size and number based classifications are
more popular for purpose of decision about resection,
transplantation or palliation, the PRETEXT system is
based on determining number of contiguous tumor-free
liver sections - left lateral, left medial, right anterior and
right posterior. These sections are divided from right to
left by (1) right hepatic vein, (2) Cantlie’s line, and (3)
a plane extending along hepatic fissure and umbilical
portion of left portal vein. The stage is determined by
calculating the number of contiguous sections that have
to be resected to completely remove the tumor. The
stage further includes annotation factors like V (hepatic
venous or inferior vena cava involvement), P (portal
vein involvement), E (extrahepatic disease contiguous
with main liver tumor), F (multifocality), R (tumor rup
ture), C (caudate lobe involvement), N (lymph node
[95]
metastases) and M (distant metastases) . Application

Cytology/biopsy

As per the adult literature on HCC, American association
for study of liver diseases (AASLD) does not suggest
biopsy in patients with cirrhosis with a lesion radiologically
suggestive of HCC. For lesions which are indeterminate
on imaging, repeating a different imaging, or with an
other contrast, or biopsy is suggested to confirm the
[91]
diagnosis . APASL consensus suggests biopsy when
the nodule is non-hypervascular, or hypervascular
[90]
without washout with a size of ≥ 1 cm . No such recom
mendations exist for pediatric age-group. However, we
suggest that in children without cirrhosis, histological
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of Milan criteria and BCLC staging system in children is
[14,18,22,23]
limited
.

Chemotherapy: There are several trials in adults with
HCC where neoadjuvant and adjuvant therapies have
been used but none has been convincing enough to
translate into a recommendation. The survival rates
following chemotherapy in HCC in adults have been
dismal. AASLD suggests against the usage of adjuvant
therapy following successfully resected or ablated HCC
[91]
in adults . SIOPEL and POG/CCG have done trials in
[16,27,100]
pediatric HCC on the lines of hepatoblastoma
.
SIOPEL-1 study analyzed the outcome of 37 children,
who received pre-operative chemotherapy of 1 to 6
PLADO courses (cisplatin and doxorubicin). Response
was partial in 49%, while others had either no response
or disease progression. Resection was possible in 17
(46%) of these children with successful tumor excision in
36%, while 51% never became resectable. At a median
follow-up of 75 mo, 8 (28%) children survived, all with
complete resection. There was a dismal outcome of 28%
at 5 years. PRETEXT stage and metastases predicted
[27]
survival in that group of children . In the POG/CCG
trial, children with HCC were randomly assigned to re
ceive regimen A (cisplatin, vincristine and fluorouracil) or
regimen B (PLADO). There was a poor 5-year event free
survival of 19% ± 6% with no difference between the
two regimens. Survival and outcome depended on the
stage of disease - all 8 stageⅠ patients with complete
resection survived post chemotherapy, while 18 (47%)
of 38 patients with advanced (stage Ⅲ or Ⅳ) disease
had an event (progression, death or new neoplasm)
before surgery, and only 2 (10%) of 20 who received
[16]
chemotherapy became resectable . From the more
recent SIOPEL 2 and 3 studies evaluating outcome in
85 children with super PLADO (cisplatin, carboplatin
and doxorubicin), 13 patients had upfront surgery. Of
the remaining 72, only 29 (40%) showed response to
chemotherapy and 39 (46%) never became resectable.
Complete resection (including LT) was achievable in 40%.
Survival was more with resection or LT (59%) vs not
(10%). Tumor-free margin at resection was predictive
[100]
of good outcome . The results were comparable to
the older studies conducted by the German Society
for Pediatric Oncology and Hematology (GPOH) where
the chemotherapy used were ifosfamide, cisplatin and
doxorubicin in HB-89 trial, with addition of carboplatin
and ifosfamide in HB-94 trial. The overall survival rates
[104]
were 33% and 32%, respectively . The more recent
trial from GPOH (HB-99) showed 3-year event free
and overall survival of children with HCC after primary
complete resection followed by 2 cycles of carboplatin/
etoposide of 72% and 89%, respectively. However, these
figures were 12% and 20% in those with non-resectable
[105]
malignancy
. Cytopenias, vomitings, opportunistic
infections, ototoxicity, nephrotoxicity, myocardial toxicity
and elevation of transaminases are common side-effects
[16,27,105]
to be looked after
.

Treatment modalities and outcome

Table 3 summarizes various treatment modalities and
[6-8,10,12-18,23-31,38,96-101]
outcome of children with HCC
. The
main factors considered for decision making in adults
with HCC are (1) Liver functional status - ascites, al
bumin, bilirubin, alkaline phosphatase, portal vein throm
bosis, Child-Turcotte-Pugh (CTP) score; (2) tumor factors
- size and number of nodules, extent, vascular invasion,
presence of metastases, TNM staging, AFP levels;
(3) portal hypertension - presence of varices, hepatic
venous pressure gradient (HVPG); (4) general status
[11,90,91,102,103]
of patient - performance status, symptoms
.
Most of the clinical experience obtained from treatment
of hepatoblastoma has been applied for treatment of
HCC in children. The best option for non-metastatic
HCC tumors is complete surgical removal either by re
section or LT. Resection offers good cure rates, however
only 27% (range 10%-67%) of tumors are resectable.
Over a period of 4 decades there has been a dramatic
improvement in the 5-year survival rates of children
with HCC from 4%-10% to 56%-80% - the change
is primarily related to increased surveillance and
[7,8,10,1
improvement in surgical techniques, particularly LT
2,28,29,35,96-98]
. An algorithmic approach for management of
these children is presented in Figure 2. All children with
non-metastatic HCC should be assessed for resection or
LT to achieve optimal outcomes. Systemic neoadjuvant
chemotherapy can be used in children awaiting LT
to serve as a “bridge” to LT and prevent disease pro
gression. Interventional radiology techniques using
transarterial locoregional chemotherapy can be tried in
older children with large unresectable tumors and to
control tumor burden as a “bridge” to resection or LT.
Resection: As per AASLD, resection is only recom
mended in those adults with a single nodule and CTP
[91]
class A without evidence of portal hypertension .
However, the guidelines differ in the Asia-Pacific region
[90]
and a more aggressive approach is followed . As
per Japanese guidelines, patients with CTP A or B
are considered for resection and/or radiofrequency
ablation even with 1-3 nodules, up to or more than
3 cm in diameter, but without portal vein invasion or
[102]
extrahepatic spread . Hong Kong consensus further
extends this to suggest resection in intrahepatic portal
vein or branch hepatic vein invasion, or with a single
extrahepatic metastasis in selected patients, but not
[103]
with main portal vein invasion . In children, resection
rates from the eastern part of the world, where HBV is
the commonest cause of pediatric HCC, vary from <
[6,28,29,31,97, 98]
10% to 27%
. With improvement in surgical
expertise, the resection rates in pediatric HCC have
improved to 40% in the latest series from China with
[12,38]
a median survival of more than 30 mo
. From the
SEER database of 60 children with HCC who underwent
[30]
resection, the 5-year survival rate was 53% .
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Sorafenib: This is a novel multikinase inhibitor against
Raf kinase and vascular endothelial growth factor re
ceptor, along with anti-proliferative and anti-angiogenic
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Table 3 Changing outcome of children with hepatocellular carcinoma over last 4 decades
Study (yr)
Ref.

Number of
patients

Factors governing
outcome

Conservative treatment (Observation and resection)
Lack et al[31]
32
Higher resectability and overall survival
(1983)
(5FLHCC)
with FLHCC
Wu et al[96]
20
(1987)
Hsu et al[28]
51
Early HBeAg seroconversion with
(1987)
severe liver injury predispose to HCC
Chen et al[29]
44
No difference in survival with
(1988)
chemotherapy
Ni et al[97]
71
Favorable prognosis with resectability
(1991)
and absence of icterus
Lee et al[6]
28
(1998)
Hsiao et al[98]
13
(2009)
Allan et al[8]
218
Reduced mortality associated with
(2014)
resectability (OR = 0.18), non-Hispanic
SEER database
(OR = 0.52), local disease (OR = 0.46)
Mixed treatments (chemotherapy/TACE/liver transplantation)
Tagge et al[99]
21
Total hepatectomy and LT improved
(1992)
survival in those with unresectable
disease

Survival

Observation
Resection

5 yr 7%
MST of HCC 4.2 mo and
FLHCC 28.5 mo
5 yr 0; MST 4.7 mo

Observation
Resection
Observation
Resection
Observation
Resection
-

1 yr 10.5%

-

DFS 30%

-

5 yr 24%,
10 yr 23%,
20 yr 8%

5 yr 7%
1 yr 10%,
5 yr 4%
5 yr 17%

Surgery in 15
(6 PH, 7 LT, 2 Exenteration and MOT)
Pre-operative CT in 2
Observation in 6
Good outcome with resection, poor with
Resection
unsatisfactory resection & metastases
CT
Distant metastases carries worst
Observation
prognosis
Resection ± CT

Chen et al[10]
(1998)

55

Moore et al[7]
(2004)

68

Pham et al[17]
(2007)
Zhang et al[12]
(2013)

22

-

45

McAteer et al[15]
(2013)
SEER database

238

McAteer et al[30]
(2013)
SEER database
Wang et al[38]
(2017)

80

Low overall survival with metastases
& non-resectability, but unrelated to
HBsAg positivity
Large tumor size, early metastasis,
bilateral involvement, and PV invasion
precluded resection
Lower hazard of death with surgery (HR
= 0.23) and lymphadenectomy (HR =
0.26)
More hazard of death with female
gender (HR = 2.07), older age (> 5 yr,
HR > 5) and distant metastases (HR =
3.4)
Lower hazard of death with LT as
compared to resection (HR = 0.05)

Chemotherapy
Czauderna
et al[27] (2002)
SIOPEL 1
Katzenstein
et al[16] (2002)
CCG/POG

Intervention (s)
done

TACE
Observation
Surgery ± CT

MST with resection 23 mo,
CT 3 mo and
no treatment 2 mo
> 5y 11%
MST 4 mo
OS 5 yr 30%
MST 23 mo
1 yr 34%, 3 yr 4%, 5 yr 4%
MST 6 mo
(Resection 28.6 mo, TACE 4 mo, None 5
mo, presence of metastases 4 mo)

Resection
TACE
Observation

Surgery in 112
No surgery in 118
Unknown in 8

Surgery (LT 20, resection 60)

65

Initial treatment allocation predicted OS
(TACE HR = 0.298, Resection HR = 0.105
with No treatment as reference)

Resection
TACE
No treatment

39

Poor outcome related to metastases and
higher PRETEXT stage

CT in 37, followed by resection

46

1 yr 29%

OS 5 yr for 0-4 yr age 53%, 5-19 yr age
32%
OS 5 yr for males 40%, females 26%
DFS 5 yr for localized 61%, regional 39%
and metastatic 9%
DFS 5 yr 70% with lymphadenectomy
vs 57% without
OS 5 y with LT 85%,
Resection 53%
For moderate stage disease: Median OS
longer with resection (38 mo) vs TACE
(13.6 mo) vs No treatment (1.8 mo). For
advanced disease: Median OS longer
with TACE (7.1 mo) vs no treatment (2.3
mo)

OS 5 yr 28%
EFS 5 yr 17%
93% deaths due to tumour progression
Poor outcome with recurrent disease
CT
EFS 5 yr 19%
Favourable prognosis with stage Ⅰ and (CDDP + Vincristine + 5-FU vs CDDP +
(Stage Ⅰ 88%, Ⅲ 8%, Ⅳ 0)
normal AFP
Doxo)
OS 5 yr 19%
Comparable survival between 2
(Stage Ⅰ 88%, Ⅲ 23%, Ⅳ 10%)
regimens
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Murawski
et al[100] (2016)
SIOPEL 2 and 3

Liver transplantation
Reyes et al[101]
(2000)

85

Complete tumor resection and tumor
free margins predict OS

Primary surgery (if feasible) à SuperPLADO (CDDP, Doxo and Carbo) à
Assessment for LT

Response to CT in 40%
OS at 5 yr 22%
5-yr OS with complete resection 63%
vs 59% with LT
5-yr OS with macroscopically involved
margins 14%

19

Risk for recurrence with vascular and
LN invasion, distant metastases, size of
tumor and male gender
Primary cause of death: Metastatic or
recurrent disease
Pretransplant medical disease and era
of LT associated with graft and patient
survival
-

LT ± Systemic or intra-arterial

1 yr 79%
3 yr 68%
5 yr 63%
1 yr 86%
3 yr 63%
5 yr 58%

1 out of 7 outside MC had recurrence,
died
1 out of 4 outside MC had recurrence,
excised

LT in all
Pre-LT CT in 5
LT in all
Pre-LT CT in 3

neoadjuvant CT

Austin et al[24]
(2006)
UNOS database

41

Arikan et al[13]
(2006)

13

Beaunoyer et al[23]
(2007)
Sevmis et al[14]
(2008)

10

Ismail et al[22]
(2009)

21

Mortality related to recurrence and
PRETEXT stage in the non-LT group,
but not in the LT group

LT 11
Non-LT 10 (Resection in 8 - 4 after CT)

Romano et al[18]
(2011)
Palaniappan
et al[26] (2016)

10

-

12

Baumann et al[25]
(2018)
ELTR data

175

1 Multifocal + 2 with microvascular
invasion
2 underwent TACE before LT
Survival better in children with
inherited liver disease than without (HR
= 0.29) and vs adults with HCC with
inherited liver disease (HR = 0.27)
Survival rate increased with increasing
age in non-inherited group

All primary LT
No CT / resection
All primary LT (8 diagnosed
incidentally in explant livers)

9

All LT

LT in 7
Observation in 6

All LT

Overall 1 yr 53%, 4 yr 27%
(With LT 1 yr 72%, 4 yr 72%)
No recurrence at 36 mo with LT
OS 1 yR 100%, 5 yR 83%
RFS 5 yr 89%
100% survival at 19.8 ± 10.6 (7-32) mo
Recurrence in 1 out of 4 outside MC,
excised
OS with LT 72% at median 43 mo and
Non-LT 40% at median 66 mo
Recurrence after LT in 1/11 and after
resection in 6/8
80% RFS at median FU of 4 y (1-11 y)
92% OS at a median of 5 (1-27) mo

OS at 5 yr: Patient 58% and Graft 56%
Patient survival at 5 yr and 10 yr
Inherited: 81% and 81%
Non-inherited: 53% and 45%

AFP: Alpha-fetoprotein; Carbo: Carboplatin; CDDP: Cisplatin; CCG: Children’s cancer group; CT: Chemotherapy; DFS: Disease free survival; EFS: Eventfree survival; ELTR: European Liver Transplant Registry; FLHCC: Fibrolamellar variant of HCC; FU: Follow-up; 5-FU: 5-Fluorouracil; HR: Hazard ratio;
LN: Lymph-node; LT: Liver transplantation; MC: Milan criteria; MOT: Multi-organ transplantation; MST: Median survival time; OR: Odd’s ratio; OS:
Overall survival; PH: Partial hepatectomy; POG: Pediatric Oncology group; PRETEXT: Pretreatment tumor extent evaluation; RFS: Recurrence free survival;
SEER: Surveillance epidemiology and end-results; SIOPEL: Group for epithelial liver tumors of the international society of pediatric oncology; TACE:
Trans-arterial chemoembolization.

properties. From the multi-center randomized placebo
controlled phase Ⅲ study, usage of Sorafenib in adults
with advanced HCC has been shown to improve time
to tumor progression (median 5.5 mo vs 2.8 mo) and
[106]
overall survival (10.7 mo vs 7.9 mo)
. Further a
randomized controlled study found that the combination
of Sorafenib and Doxorubicin in adults was superior to
Doxorubicin alone in terms of better overall survival (6.4
mo vs 2.8 mo) and progression-free survival (6.0 mo vs
[107]
2.7 mo) . From the German GPOH group, Sorafenib
when used in combination with PLADO in children with
HCC showed tumor regression in 4 out of 7 unresectable
tumors. There was decrease in AFP levels in four children
who had very high levels. Hand-foot-skin reaction was
[108]
seen in 7 (58%) of 12 children .

The common biological pathways for target are VEGF
receptor (Sorafenib, Bevacizumab, Brivanib, Sunitinib),
epidermal growth factor (Erlotinib), mammalian target
of rapamycin (Everolimus), tyrosine kinase receptor for
hepatocyte growth factor, cMET (Tivantinib), combined
VEGF and cMET (Cabozantinib) and programmed cell
[2]
death receptor (anti-PD-1, Nivolumab) .
Liver transplantation: Liver transplantation offers best
cure for HCC in a cirrhotic liver in terms of oncological
viewpoint by enabling the widest possible resection
margins and simultaneously ensuring complete removal
[90]
of the diseased liver at risk of developing HCC . The
commonest criterion used in adults to decide candidacy
for LT is Milan criteria which includes single tumor with
diameter less than 5 cm, or tumor foci up to 3 in number
each one not exceeding 3 cm, without any vascular
invasion or extrahepatic involvement. Application of Milan
criteria has been shown to improve the survival after LT

Targeted therapies: Various targeted therapies based
on the pathogenic mechanisms of oncogenesis and
cell proliferation are under trials in adults with HCC.
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[91]

in adults from 30% to 75% . However in Asia, where
living donors are the mainstay for LT and there are no
restrictions imposed by the national organ allocation
[90]
system, the criteria for LT are more liberal . Most
countries like Hong Kong and Taiwan are using extended
criteria like University of California San Francisco (UCSF)
criteria, i.e., solitary tumor ≤ 65 mm in diameter, or 2-3
tumors, each with diameter ≤ 45 mm and total tumor
diameter ≤ 80 mm, and without radiological evidence of
vascular invasion or distant metastasis, with acceptable
[90,103]
long term survival rates
. Similarly in Japan, patients
beyond Milan criteria or those with recurrent HCC with
[102]
CTP A or B are sometimes considered for LT . Usage
of these criteria is limited to case series in children.
Transplantation in children outside Milan criteria has
[18,22,23]
a fairly good outcome of 72%-83% at 5 years
.
Various series have shown that the outcome post LT in
children with HCC is related to PRETEXT stage, recurrence
of disease, vascular and lymph node invasion, size of
[10,12,15,16,22,24,27,30,38,99-101]
tumor and distant metastases
.A
recent analysis of ELTR data of 175 pediatric HCC showed
that children with inherited liver disease (ILD) have
better survival after LT in comparison to children without
[25]
ILD and adults with ILD
(Table 3). There is no head
to head prospective series comparing resection vs LT in
children with HCC. However as per the SEER database,
the 5-year survival rates are better with LT (85%) in
contrast to resection (53%) (hazard ratio 0.05, 95%CI:
[30]
0.003-0.94) .

and post-embolization syndrome (pain, malaise, low
grade fever). In Asian countries, TACE is frequently
offered to adults with early HCC, or in combination with
ablation when the nodules are more than 3 or exce
[102,103]
ed 3 cm in diameter
. There is limited data on
[109]
radiological interventions in children with HCC . Two
series from China comprising 110 children with HCC have
shown that overall survival with resection, TACE and no
[12,38]
treatment is 29-38, 4-14 and 2-5 mo, respectively
.
Moreover in children with advanced HCC, TACE offered
4.8 mo of survival benefit in comparison to standard
[38]
treatment . Special considerations related to sedation
and procedure should be taken - like there is more risk of
[109]
post-embolization syndrome and arterial spasm .

SURVEILLANCE
AASLD recommends surveillance of adults with cirrhosis
using ultrasound with or without AFP every 6 mo in
[91]
order to improve their survival . Asia-Pacific consensus
on HCC suggests an AFP cut-off of > 200 ng/mL for
[90]
surveillance programs in combination with ultrasound .
Compliance to the surveillance guidelines has been
shown to improve overall survival in adults (53 mo vs 25
mo) in comparison to non-compliance, and translates
into low tumor burden and allocation of curative
[110]
treatment . For children, we suggest surveillance with
ultrasound and AFP every 6 mo for all cirrhotic children
and those with chronic HBV infection with elevated
transaminases (HBeAg positive or negative), GSD types 1,
3 and 4, alpha-1 antitrypsin deficiency, Wilson disease,
autoimmune hepatitis, congenital porto-systemic shunts
and hepatic venous outflow tract obstruction. The
duration should be reduced to 3 mo in children with BSEP
deficiency and tyrosinemia, and increased to 1 year in
[2]
inactive carriers of HBV .

Radiological interventions: Radiological interventions
like radiofrequency ablation (RFA), transarterial embo
lization (bland), transarterial chemo-embolization (TACE,
with doxorubicin drug eluting beads), hepatic arterial
infusion chemotherapy (HAIC, with low dose 5-fluorouracil
and cisplatin with or without systemic interferon therapy)
and transarterial radio-embolization (TARE, using yt
trium-90 microspheres) are routinely used in adults with
advanced HCC for downstaging and those listed for LT.
AASLD suggests using one of the radiological techniques
for adult patients (1) listed as per Milan criteria to
decrease progression of disease and subsequent dropout
from the waiting list, (2) outside Milan to bring them
into the LT criteria, and (3) who are not candidates for
[91]
resection or LT to improve their survival . As HCC
nodules receive their blood supply preferentially from the
branches of hepatic artery, catheters placed into hepatic
artery are used to obliterate tumor vascular supply and
also to inject chemotherapeutic agents (TACE). Absolute
contraindications for endovascular therapy include sur
gically resectable tumor, intractable systemic infection,
advanced liver disease (CTP > 8 or BCLC stage C),
hepatic encephalopathy, lung shunt fraction > 20% and
hepatic encephalopathy. Relative contraindications are
biliary obstruction, tumor > 10 cm or burden > 50% of
liver, bilirubin > 3 mg/dL, albumin < 2 gm/dL, impaired
renal function, AST > 5 times upper limit of normal and
presence of extrahepatic metastases. Common side
effects include elevation of bilirubin and transaminases,
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FIBROLAMELLAR HCC
Fibrolamellar variant of HCC (FLHCC) is a distinct rare
variant of HCC which is more commonly seen in the pe
[8,15,19]
diatric population
. Pathologically, it is characterized
by large polygonal cells with abundant eosinophilic
cytoplasm containing pale bodies and hyaline globules,
and large nuclei surrounded by lamellar stroma and a
[19]
central scar . There is slight preponderance of females
(52%-58%) with a median age ranging between 14
to 33 years. Elevation of AFP is seen in around 10%.
A large proportion of these tumors are potentially
removable (77%-88%) but recurrence rate as high as
77% has been reported. Up to 60% have extrahepatic
metastases. 5-year survival rates after resection and LT
range from 58% to 82% and 29% to 55%, respectively
and is related to absence of metastases, resectability and
[111,112]
old age
. FLHCC, in contrast to adult HCC, has been
shown to have better survival when matched for age,
gender, stage of disease and liver functions, but the data
[112]
is controversial . Pediatric FLHCC cases are older in
age (age above 12 yr - 88% vs 29%), less multifocal but
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more metastatic in contrast to pediatric HCC. Response
to chemotherapy (super-PLADO) is partial in 31% and
is comparable to Pediatric HCC. Complete resection is
possible in 42%, however event free survival (22% vs
28%) and overall survival (42% vs 33%) at 3 years
are comparable to pediatric HCC. In pediatric FLHCC
younger age (< 12 years) and absence of multifocality
[112]
are associated with a trend towards better outcome .
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CONCLUSION
Pediatric HCC is a rare aggressive liver malignancy.
Tyrosinemia, perinatal hepatitis-B, familial intrahepatic
cholestasis, glycogen storage disorders and congenital
portosystemic shunts are common predispositions.
Management focuses primarily on early detection and
surgery. Recurrence free survival after resection and
liver transplantation has improved over last 3 decades.
Prevention and surveillance strategies may help in
improving the overall outcome. Fibrolamellar variant
constitutes one-fourth of pediatric HCC with a variable
prognosis.
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REVIEW

Changing role of histopathology in the diagnosis and
management of hepatocellular carcinoma
Archana Rastogi
rate and limited treatment options, which leads to very
poor prognosis. This warrants urgent improvement in
the diagnosis and treatment. Liver biopsy plays very im
portant role in the diagnosis and prognosis of HCC, but
with technical advancements and progression in the field
of imaging, clinical guidelines have restricted the role of
biopsy to very limited situations. Biopsy also has its own
problems of needle tract seeding of tumor, small risk of
complications, technical and sampling errors along with
interpretative errors. Despite this, tissue analysis is often
required because imaging is not always specific, limited
expertise and lack of advanced imaging in many centers
and limitations of imaging in the diagnosis of small,
mixed and other variant forms of HCC. In addition, biopsy
confirmation is often required for clinical trials of new
drugs and targeted therapies. Tissue biomarkers along
with certain morphological features, phenotypes and
immune-phenotypes that serve as important prognostic
and outcome predictors and as decisive factors for therapy
decisions, add to the continuing role of histopathology.
Advancements in cancer biology and development of
molecular classification of HCC with clinic pathological
correlation, lead to discovery of HCC phenotypic sur
rogates of prognostic and therapeutically significant
molecular signatures. Thus tissue characteristics and
morphology based correlates of molecular subtypes
provide invaluable information for management and
prognosis. This review thus focuses on the importance
of histopathology and resurgence of role of biopsy in the
diagnosis, management and prognostication of HCC.
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Abstract

Core tip: Liver biopsy plays important roles in the
diagnosis and prognosis of hepatocellular carcinoma.
However biopsy related complications and limitations

Hepatocellular carcinoma (HCC) is one of the most
common and fatal cancer in the world. HCC frequently
presents with advanced disease, has a high recurrence
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along with advancements in imaging have restricted its
role to very limited situations. In recent time, studies
on tissue biomarkers, molecular classifications and tar
geted therapies for hepatocellular carcinoma (HCC)
with their clinic-pathologic correlations have highlighted
that morphologic variants and subtypes can serve as
importance surrogates of molecular signatures, thus re
newing the interest in tissue analysis. Tumor biopsy thus
is increasingly being recognized as an invaluable tool for
the diagnosis, management and prognostication of HCC.

However, imaging technologies also have certain ca
veats, cautioning against abandon of histopathology
assessment for HCC. Tumor histopathology, besides
being an important diagnostic tool, plays numerous other
important roles such as distinguishing from metastasis
and other primary benign or preneoplastic lesions, in
prognostication and influencing treatment decisions,
which cannot be substituted by imaging techniques
or tumor markers. With increasingly accumulating
data on prognostic and therapeutic importance of spe
cific phenotypes and distinct molecular-morphologic
correlates, there is resurgence of interest in the role of
tissue evaluation.

Rastogi A. Changing role of histopathology in the diagnosis and
management of hepatocellular carcinoma. World J Gastroenterol
2018; 24(35): 4000-4013 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i35/4000.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i35.4000

ROLE OF IMAGING IN THE DIAGNOSIS
OF HCC
The recent diagnostic approach for HCC is based on
imaging studies, restricting the role of histopathology
to only certain situations. Clinical guidelines of Amer
ican Association for the Study of Liver disease, Euro
pean Association for the Study of the Liver (EASL)
and Asian-Pacific Association for the Study of Liver
[2,16-18]
have changed the diagnostic criteria for HCC
,
recommending radiology in view of the remarkable
advances in techniques that have led to very high sen
[19]
sitivity and specificity for the diagnosis of HCC . A
recent systematic review and meta-analysis for studies
comparing CT with extracellular contrast-enhanced MRI
or gadoxetate-enhanced MRI in adults with cirrhosis and
suspected HCC, found that all them performed better
for HCC ≥ 2 cm in comparison to lesions < 1 cm. For all
tumor sizes, studies showed significantly higher sensitivity
for MRI over CT, with no difference in the specificity
[20]
between techniques . Typical imaging findings of
intense uptake of contrast during the arterial phase fol
lowed by decreased enhancement and washout during
the portal phases, based on the neo-arterial supply
feeding the HCC, by even a single contrast enhanced
imaging study is considered sufficiently specific for the
[2,16-18,21]
diagnosis of HCC
. Thus, biopsy is not advocated
for the diagnosis of HCC, if typical features are present
[16-18,22]
on dynamic imaging technique
.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
[1-4]
common cancer in the world , with an increasing
incidence each year. It is also one of the most lethal
human malignant tumor with > 600000 deaths per
[1,4]
year worldwide
making it the third leading cause of
[5,6]
cancer related death . Dismal prognosis of HCC is
attributable to advanced disease at presentation, high
rates of metastases and recurrence along with the
[7,8]
limited and unsuccessful treatment options available .
Also, Amongst the primary liver cancers, HCC is the
most common, accounting for 70%-85% of all the
[9,10]
histological types
. Major risk factors of HCC are
infection with hepatitis B and hepatitis C, excess alcohol
[7,11]
intake, obesity, diabetes and metabolic diseases
.
These risk factors cause repeated episodes or sustained
state of inflammation, resulting in progressive fibrosis
and cirrhosis, along with development of preneoplastic
[12,13]
lesions with stem cells acting as a nidus for HCC
.
Literature indicates that 70%-97% of patients with
HCC have underlying cirrhosis of the liver at the time of
[14]
diagnosis . Poor clinical outcome makes it imperative
to advance our understanding of HCC at the cellular
level and improve methods for the early diagnosis
and treatment particularly targeted therapies. HCC is
diagnosed by the non-invasive methods of imaging
and tumor markers and by the invasive techniques of
biopsy and aspiration. Lesion biopsy in HCC, like other
solid organs provide valuable information about the
diagnosis, prognosis and in certain circumstances, guide
about treatment decisions, however biopsy in the HCC
and cirrhotic milieu is controversial and is superseded
[6,15]
by imaging
. Certain biopsy limitations especially
needle tract seeding, sampling errors and small risk
of morbidity along with the technical advancements in
imaging, undermined the importance of tissue analysis.
This led most of the international guidelines on HCC to
restrict the role of liver biopsy to characterize the lesions
in non-cirrhotic liver or those with equivocal imaging.
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IMAGING LIMITATIONS
Imaging techniques falter in certain situations and his
topathology assessment becomes mandatory for the
diagnosis of all equivocal lesions, irrespective of the
[6]
[23]
size , reported in 10%-15% of patients . Lesion in a
cirrhotic patient that lacks typical imaging characteristics,
histopathological evaluation is the recommended diag
nostic tool. Imaging alone has been found to be insuf
ficient to diagnose well-differentiated HCC.
Biopsy has advantage over imaging as comparison
with non-lesional liver tissue provides vital information,
particularly for the diagnosis of well-differentiated HCC.
[24]
Horigome et al
reported that digital subtraction
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angiography and magnetic resonance imaging in the
absence of biopsy, could diagnose HCC in only 58%
of well-differentiated HCC. Dynamic imaging has been
shown to have a sensitivity of 35%-71% in different
[25-29]
series for tumors of less than 2 cm size
, attributable
to hypovascularity of small HCC. Another limitation of
imaging is the requirement of pathologic diagnosis for all
[6]
nodules developing in the non-cirrhotic background .
[30,31]
Also, false positives, as high as 33%
, have been
reported with the radiology techniques for diagnosing
HCC. A study reported that many nodules detected
by ultrasound were not found on computed tomo
[32,33]
graphy
. Similarly, 41% and 30.8% of the imaging
based cases turned out to be non-HCC on biopsy or
[30]
follow-up . Without biopsy confirmation, these cases
might get subjected to unnecessary transplantation,
resection and other therapies. Strength of tissue analysis
to determine the malignant potential and histogenesis
of liver lesions is another major constraint with imaging.
Combined hepato-cholangiocarcinoma (cHCC-CC) is
difficult to diagnose and characterize by the imaging
[34]
alone . Lack of skill and absence of advance imaging
technologies in many centers, are other constraints,
requiring histopathology assessment for confirmation.
Such limitations of imaging compel tissue confirmation in
a significant number of cases.
Role of serum α-feto protein (AFP) in the diagnosis
of HCC although controversial, is still recommended by
[35]
certain guidelines . In situations, where imaging is
atypical, AFP levels are useful for diagnosing HCC when
biopsy needs to be avoided in view of the risk of tumour
[36-38]
seeding
. Studies have shown that increasing AFP
levels before liver transplantation are associated with
an increased risk of tumor recurrence and decreased
[39,40]
survival following transplantation
. Serum AFP levels
are not influenced by technical factors, skill, observer
variability thus still has an important role in surveillance,
diagnosis, prediction of outcome and monitoring treat
[41]
ment response .

otherwise benefit from liver transplantation. The reported
incidence of tumor seeding following a liver biopsy
[51-55]
ranges between 1.6%-5.1%
, however one of the
largest series has reported this complication in only
[19,56]
0.76% in their experience
In a systematic review
and meta-analysis of eight observational studies, it was
shown that the incidence of needle tract tumour seeding
following biopsy of a HCC is 2.7% overall, or 0.9% per
[57]
year . Other studies have emphasized not to preclude
the biopsy if management can be altered based on the
biopsy interpretation, supporting this is the fact that 2.5%
unnecessary surgery are conducted if the patient is not
[58]
biopsied .
Technical challenges are another section which limits
the utility of biopsy. Small lesions which are < 2 cm are
[19]
often difficult to target, leading to high false-negatives .
Distinction of well-differentiated HCC from preneoplastic
and regenerative focus is also a problem area. Charac
teristic histomorphologic profile in combination with
reticulin stain and immunohistochemistry for HSP70 and
Glutamine synthetase, can differentiate hepatocellular
adenoma from HCC, however well-differentiated HCC is
[59-61]
often difficult to distinguish
. Tumor heterogeneity,
necrosis and inadequacy or failed sampling of the sus
pected lesion, all add to the inferior results of biopsy
with the risk of mismanagement after diagnostic errors.
Negative predictive value is very low in such setting
[51,62,63]
(14%)
.

HISTOPATHOLOGY AND
IMMUNOHISTOCHEMISTRY FOR THE
DIAGNOSIS AND PROGNOSTICATION OF
HCC
Tumor histopathology, besides being an important diag
nostic tool, plays numerous other important roles such
as distinguishing from other lesions, prognostication
and influencing treatment decisions, which cannot
be substituted by imaging techniques or tumour
markers. Assessment of histological parameters in tu
mour resection specimens has been shown to predict
recurrence and metastatic potential and thus indicate
[64-67]
the need for salvage transplantation
. Biopsy tissue
and archived blocks are important source for teaching,
knowledge sharing, correlation with translational research
and biomarker development. Several histopathology
parameters had been extensively studied and shown to
be significant predictors of prognosis, highlighting the role
of tissue analysis in HCC. The most studied parameters
which are also linked to prognosis are tumor number,
size, cell differentiation and grade, presence of satellite
[68]
nodules, pTNM stage . (Figure 1)

BIOPSY SHORTCOMINGS
The declining interest for biopsy is due to several issues.
There are risks associated with the procedure, that in
clude morbidity due to the most frequent complication,
[42,43]
i.e., pain
and bleeding especially in patients with
cirrhosis who are at a higher risk of this complication.
[44]
Incidence of such minor complications is 5.9% . Sig
[45]
nificant hemorrhage occurs in 0.5% . There is slight
[46,47]
risk of mortality
, with incidence of 0.11% reported
[48]
in experienced centers . Evaluation of sixty-four
series reporting 7649 TJLBs revealed minor and major
complication rates to be 6.5% and 0.56%, respectively
[49]
with mortality in adults to be 0.09% . However, a large
series of 16648 guided biopsies and 3035 therapeutic
procedures performed in 13222 patients, overall mor
[50]
tality was reported in 0.06% .
Needle track seeding of malignant cells is another
important concern, especially in patients who might
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IMPORTANCE OF GROSS PATHOLOGY
DESCRIPTION
HCC is a heterogeneous tumor with varied gross and
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Figure 1 Hepatocellular carcinoma Edmondson and Steiner grading. Grade 1 (A); grade 2 (B); grade 3 (C); and grade 4 (D). Most common patterns in
histopathology of hepatocellular carcinoma: Microtrabecular (E); pseudoglandular (F); macrotrabecular (G); and compact (H). (HE stain).
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Figure 2 Gross morphology of hepatocellular carcinoma. Single expanding nodular hepatocellular carcinoma (A); vaguely nodular with perinodular extension (B);
Multinodular (C); multicentric with cirrhotomimetic appearance (D); nodular with satellite nodules (E); pedunculated (F); infiltrative (G); and hepatocellular carcinoma in
non-cirrhotic background (H).

microscopic appearances. A study from Seoul had shown
that gross features are also independent predictor of
overall and disease-free survival regardless of tumor size.
They classified 242 HCC resection specimens based on
the gross appearance into vaguely nodular, expanding
nodular, multinodular confluent, nodular with perinodular
[5]
extension and infiltrative types . Infiltrative type had the
worse prognosis whereas vaguely nodular and expanding
nodular had more favorable prognosis. Similar results
[69,70]
in small HCC and in HCC > 10 cm
and in patients
[5,71]
treated with RFA
, verify that gross morphology is an
important predictor of prognosis. (Figure 2)

(70%), solid (20%), pseudo glandular (10%) and
[72]
macrotrabecular (1%) . Of these, macrotrabecular
pattern has recently been shown to have significant
[73,74]
clinical relevance
. Morphology based segregation
[72,75]
into histological subtypes
such as fibro lamellar
[76,77]
[78]
carcinoma
, lymphoepithelioma like carcinoma ,
[79]
steatohepatitis HCC , combined hepatocholangio
[75]
carcinoma , and histological subtype with stem cell
[80,81]
markers
have independent prognostic importance.
Others such as Clear cell HCC has been demonstrated
to be smaller, better differentiated with lower rates of
[82,83]
vascular invasion
, whereas the sarcomatoid HCC
[72]
is a poorly differentiated subtype . Several recent
studies have also highlighted distinctive clinical, biological
and molecular characteristics associated with these
phenotypes and subtypes, with creditable prognostic
[84,85]
implications
(Figure 3).
[74]
In a recent study by Ziol et al
Macrotrabecularmassive is a newly described subtype of HCC, found in

ROLE OF MORPHOLOGICAL
PARAMETERS AND HISTOLOGICAL
SUBTYPES
Four major growth patterns in HCC are trabecular
WJG|www.wjgnet.com
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Figure 3 Hepatocellular carcinoma variants, subtypes and histological features. Macrotrabecular (A); steatohepatitic (B); sarcomatoid (C); cholangiocellular (D);
sclerosing (E); combined HCC-CC (F); HCC with foam cells (G); HCC with giant cells and hyaline bodies (H); clear cell (I); fibrolamellar (J); HCC with immune cells (K);
CK19 positive stem cells (L). HCC: Hepatocellular carcinoma.
[88]

12% of the cohort of 237 HCC surgical samples and 284
HCC liver biopsies. Authors have defined this entity by
the presence of a predominant (> 50%) macrotrabecular
architecture (more than 6 cells thick). This phenotype
was associated with poor prognostic factors like tumor
size, α-Feto protein (AFP) level, satellite nodules, and
vascular invasion and was found to be an independent
[74]
predictor of early and overall recurrence . Lauwers et
[86]
al noted macrotrabecular -predominant architecture in
26.6% of their 425 cases of resected HCC. In comparison
to the compact architecture they had worse overall
survival. Prognostic information derived from phenotypes
reemphasizes the potential benefits of biopsy add to
[74]
reviving its importance .
Combined hepatocellular-cholangiocarcinoma
(cHCC-CC) representing 0.4%-14.2% of primary liver
cancers is an aggressive tumor associated with poor
[34,87-90]
outcome
. Histopathological evaluation is crucial
for diagnosis, as this entity lacks the typical imaging
characteristics thus often misdiagnosed by radiology.
[91]
cHCC-CC was first described by Allen and Lisa in 1949
[92]
was updated by Goodman in 1985 . In 2010, WHO
classified it into classical subtype and subtypes with stem
[92]
cell features . In a study of sixty-two patients of cHCCCC, stem cell subtypes (WHO criteria), were found in
various amount and combinations in all of their patients
with typical subtype in 16%, intermediate cell type in
[93]
83.9% and cholangiolocellular type (CLC) in 71% .
cHCC-CC has been shown in a study, to have 1-year and
3-year survival rates of 81.9% and 47% respectively,
which suggest a better prognosis than CC but worse
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compared with HCC . Similarly, another study has
found 1, 3 and 5 year overall survival rates of 53%,
26% and 12% respectively, supporting their biological
[90,94]
behavior intermediate between HCC and CC
.
Knowledge of mixed tumor by biopsy evaluation prior
to surgery, can guide the type of resection including the
lymph node dissection. Recently, consensus terminology
for primary liver carcinomas with both hepatocytic and
[8]
cholangiocytic differentiation has been published which
emphasizes that stem cell phenotypes and features
can coexist within combined HCC-CC and should be
reported in a descriptive report. Sub classifying stem
cells is not necessary. Presence of two other types
of primary liver cancers - CLC and intermediate cell
carcinoma were described, which may coexist with HCC,
intrahepatic cholangiocarcinoma or cHCC-CC. Although
the minimum cut-off of HCC and CC to qualify for the
diagnosis of cHCC-CC is uncertain, the accepted criteria
to qualify as CLC is > 80% of the tumor comprising
[8]
CLC . This phenotype is very important, with prognostic
[93]
implications . CLC exhibits increased expression of ABC
transporters and is linked with a worse prognosis, chemo
[95]
resistance, and an aggressive behavior . Meta-analyses
of twelve articles involving 1344 patients showed that
the presence of cancer stem cells (CSCs) was signifi
[96]
cantly associated with a poor histological grade . HCC
expressing stem cells marker keratin 19 (K19), also
known as HCC with “stem cell features” or “progenitor
features” display immunohistochemical expression of
[97,98]
K19 in > 5% of tumor cells
. This particular tumor
subtype gene expression profile with oval cells and fetal
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Figure 4 Dysplastic lesions and early hepatocellular carcinoma. Gross morphology of small distinctly nodular HCC (A); small vaguely nodular HCC (B, C);
HCC with nodule in nodule appearance (D). Microphotographs of large cell change (E) and small cell change (F) in dysplastic nodules. Nodule in nodule with low
grade dysplasia surrounding central high grade dysplastic nodule (G) on HE stain and focal CD34 positive (H) on immunohistochemistry. Glypican-3 (I), glutamine
synthetase (J), HSP-70 (K) and diffuse CD34 (L) immunostaining in well-differentiated HCC. HCC: Hepatocellular carcinoma.
[97-99]

hepatoblasts
. It has adverse clinical outcome with
worse postoperative survival rate.

shock protein 70 and glutamine synthetase are used as
single panel for delineation of HCC from other suspicious
[72]
nodules . LGDNs and large regenerative nodules
(LRNs) are negative for the panel. In a study, all negative
phenotype was noted in 100% of LRNs, 100% of LGDNs,
[103-105]
72.7% of HGDNs and 3.1% of early HCC
. Studies
have shown that if two of these three stains are positive,
the sensitivity and specificity for the detection of HCC
[10]
is 60%-70% and 100% respectively . Tommaso et
[104]
al , has reported that addition of clathrin heavy chain
to this panel, improved diagnostic accuracy to 84.3% for
small HCCs. Hepatocyte paraffin 1, arginase 1, polyclonal
CEA, CD10 and several other tissue markers that are
frequently performed for confirmation of diagnosis, dif
ferentiation of HCC from metastatic carcinoma, identi
fying HCC in poorly differentiated and necrotic tumors
as well as a protocol tissue based diagnosis confirmation
before enrolment in phase Ⅲ clinical trials of novel
[68,106,107]
drugs
.

ROLE OF TISSUE ANALYSIS FOR SMALL
HCC
Small suspicious nodules are difficult to detect and
characterize by the imaging modalities. Vascular charac
teristics and capsule formation are not completely
developed hence such lesions lack the typical imaging
characteristics. Histopathology evaluation is required
in around 60% of such cases, for early and correct
[24]
diagnosis . Hepatocellular nodules were classified by
[100]
the International working party in 1995
and further
characterized by the International consensus group for
[101]
hepatocellular neoplasia in 2009
, which classified
small HCC (< 2 cm in size) as early HCC and progressed
HCC. (Figure 4)
Pathology based differentiation of HCC from other
nodular lesion found in chronic liver disease such as
large regenerative nodule, low grade dysplastic nodule
(LGDN) and high grade dysplastic nodule (HGDN) has
become one of the most important accomplishments
and indications of biopsy, gaining importance in view
of surveillance programs and early detection of HCC.
Biopsy is often recommended for nodules 1.0 cm or
larger to make a differential diagnosis between early HCC
[102]
and a DN . Immunohistochemsitry provides crucial
support in such diagnostic dilemmas. Glypican-3, heat
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BIOPSY FOR PROGNOSTICATION
Grading of HCC cellular differentiation, pathological tumor
node metastasis stage and vessel invasion are reported
[22,72,108]
as the most important histoprognostic features
.
Edmondson and Steiner system of HCC (ES) grading,
[109]
published in Cancer in 1954
, is the most widely
[86]
adopted classification . It divides HCC into four grades
based on histological differentiation with grade 1 being
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of large HCC resection, MVI and ES grade were re
[128]
ported as predictors of early recurrence
. Poor dif
ferentiation in a single HCC or in the largest HCC in a pretransplant biopsy indicates aggressive tumour biology
associated with poor prognosis. Certain centers exclude
transplantation and assign patients to other treatment
modalities, based on such prognosis and management
[129,130]
related effects of biopsy
.

the best differentiated. Current three-tier classification
of HCC into well-, moderately- and poorly differentiated
HCC is also based on this system, combining architectural
[110,111]
and nuclear features
, pTNM staging based on
th
8 edition of AJCC staging, which is based on number,
size and vessel invasion, provides crucial prognostic
information, guides about therapeutic decisions and is
an essential component of research and clinical studies.
th
8 ed. of pTNM lays emphasizes on separation of small
HCC and on vessel invasion by modifying pT1 and pT4
[112]
respectively .
Macro vascular and Micro vascular (MVI) invasion
is the major predictor of prognosis of HCC and are as
sociated with more advanced tumor stage, disease
[86,113]
.
progression, local invasion and distant metastasis
Identification of MVI is feasible only on histopathological
[114]
examination of resected surgical specimens
. In
cidence of MVI after surgical resections and liver trans
plantation has been shown to be between 15% and
[114-116]
[115]
57%
. Pawlik et al , reported MVI to occur at the
rates of 25%, 40%, 55% and 63% in HCC < 3, 3-5,
[117]
5-6.5, and > 6.5 cm. Similarly, Yamashita et al
has
also shown 28.9% of the small HCC has MVI, with 1-year
recurrence rates of 7.5% and 23.3% for patients without
and with MVI. A systematic review of 20 observation
studies investigating prognostic role of MVI in patients
who had undergone liver transplantation or resection,
highlight the adverse impact of MVI on disease free
[118]
and overall survival . Different studies have graded
[119]
MVI based on the number of vessels invaded
as well
as have sub typed them into adhesion, invasion and
breakthrough types and found association with long[120]
term survival . Distance of embolized vessel from the
main tumor has prognostic significance with 1 cm cut-off
[121]
shown in studies to predict very poor outcome . MVI
detection helps to identify patients at risk of development
of distant metastasis post-resection and guides for the
[114]
need of adjuvant therapy . There is an urgent need
for prediction of MVI in biopsies to guide therapeutic
strategy. However, currently neither the detection of MVI
in biopsy is possible nor any validated surrogate markers
[122]
of MVI are available . A recent pilot study assessed
the performance of IHC panel of three biomarkers of MVI
(H4K16ac, H4K20me2, PIVKA-Ⅱ) in a test set of 64 HCC
surgical specimens and 42 core needle biopsies of HCC.
In this study combination of PIVKA-Ⅱ with H4K20me2
showed the best accuracy for prediction of mVI, with very
[123]
high specificity and PPV in HCC core needle biopsies .
Several studies have highlighted the prognostic
[124-126]
relevance of histological grade, stage and MVI
.
Analysis of eighteen registries comprising 570 trans
planted patients revealed MVI in 16% and poor dif
ferentiation of tumor in 12%. These features were signif
[127]
icant risk factors for dismal cancer specific survival .
Similar, prognostic significance of MVI and grade 3, in
predicting overall survival, disease free survival and
recurrence, had been found in 151 patients transplanted
[124]
[86]
for HCC, by Donat et al
and by Lauwers et al
in
their 425 HCC resections. In a study of 116 patients
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ROLE OF IMMUNOHISTOCHEMISTRY IN
PREDICTING PROGNOSIS
Several biomarkers have been investigated in HCC for
prognostication and treatment decisions. K19 expressing
HCCs show aggressive behavior, poor differentiation,
[131-133]
high proliferative index and high recurrence rate
.
Similarly, expression of stem cell marker CD133 is as
sociated with higher tumor grade, advanced disease
stage, higher recurrence rates and shorter overall
[134]
survival
. EpCAM expression also demonstrates
[5,134]
poor prognosis
. In a recent study, progressed HCC
with > 5% tumor fraction expressing stem/progenitor
cell markers CK19, EpCAM and CD133, displayed
more aggressive behavior with increased likelihood of
[135]
recurrence, chemo-resistance and metastasis .
Tumor tissue expression of high Wnt-1 shows
correlation with nuclear B-catenin accumulation and
increased rate of tumor recurrence. In a study of 142
patients of HCC, correlation of 3 groups: Biliary/stem cell
marker positive group, Wnt/B-catenin signaling related
marker positive, and both negative group was done
with other prognostic features. Biliary/stem cell marker
positive group demonstrated poor tumor differentiation,
high frequency of portal vein invasion, intrahepatic
[132]
metastasis and high proliferative activity .
HCC are hyper vascular and tumor angiogenesis is a
known important prognostic factor. Immunohistochemical
staining for endothelium specific markers CD31, CD34 or
vWF allow semi quantitative assessment of micro vessel
[136,68]
density, which is a significant prognostic indicator
.
[137]
Li et al
performed meta-analysis of 12 articles
comprising a total 1138 HCC patients. Survival outcomes
showed positive correlation between poor prognosis and
high micro vessel density levels.
Molecular markers with prognostic significance are
analyzed by tissue markers and abundant literature
is available on studies of phenotypic correlates. DNA
ploidy, cell proliferation markers, Cell surface proteins
Glypican-3, cytoskeleton proteins Fascin, enzymes
Histone deacetylase, transcription factors BATF2, tumor
suppressor genes TP53, adhesion molecule E-cadherin,
cell cycle regulators, oncogenes, tumor angiogenesis
related markers and several others related to Notch,
Hippo, Hedgehog and other signaling pathways, have
been analyzed in tissues and shown to be of prognostic
[103,138]
significance
.
IHC markers are also increasingly being used for
the decisions of molecular targeted therapy and as a
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[22,139]

predictor of therapeutic response
. Six areas of
genomic alterations which have targetable potential for
HCC are TERT promoter mutation, p53 pathway, oxida
tive stress pathway, Wnt-B catenin pathway, epigenetic,
[22]
AKT/mTOR and MAP kinase pathway . Evaluation of
c-MET at the tissue level had been related to response to
[106,140,141]
Tivantinib
with several such phase Ⅱ and phase
Ⅲ ongoing trials are linked to molecular analysis of tissue
samples.
Immune biomarkers such as immune checkpointinhibiting antibodies anti-PD-1, anti-PD-L1 and antiCTLA-4 are useful for decisions regarding adjuvant
[142-144]
therapy
. PD-L1 can predict response to anti-PD-1
antibody. A recent study assessed 294 HCC samples
for the expression of PD-1, PD-L1 and CTLA-4. High
PD-L1 staining was associated with poor disease-free
survival and simultaneous increased expression of
PD-L1 and CD68+ TIL was reported to be an important
prognostic factor related to immune checkpoint pathway
[145,146]
in HCC
. Advances related to determination and
response assessment to the targeted therapies are
dependent on archived tissues in institutions and biobanks. This further highlights the revival of importance
of tissue procurement and analysis. Phase Ⅲ studies of
novel targeted therapies require biopsy confirmation of
diagnosis, and assessment of treatment response as in
a study of 30 patients of HCC treated by Radiofrequency
[147]
ablation (RFA) and check point inhibitor .

poor differentiation, frequent macro vascular invasion,
foci of clear cells, sarcomatous change, compact and
macrotrabecular pattern, and foci of pleomorphic and
multinucleated cells. Whereas G4-G6 subclasses, re
vealed low cell proliferation, association with small tumor
size, lack of satellite nodules or micro vascular invasion,
and tumors were well-differentiated.
[84]
In the study by Tan et al , 96 tumor tissues
were used for the development of clinic pathological
indices predictive of HCC molecular subclass. HCC
transcriptome had been characterized into 3 subtypes
[148]
S1-S3 , determined by genome-wide transcriptome
profiling, with potential therapeutic targets. S1 reflected
aberrant activation of the WNT signaling pathway, S2
was characterized by proliferation as well as MYC and
AKT activation, and S3 was associated with hepatocyte
[46,148]
differentiation
. Predictive indices in the study by
[84]
Tan et al were validated in 99 HCC tumors. Phenotypic
molecular correlation with S1-S3 based on transcriptomic
analysis, revealed steatohepatitic HCC and immune
cell infiltrates represented S1, macrotrabecular or com
pact pattern, lack of pseudo glands belonged to S2
and microtrabecular low histological grade and lack of
steatohepatitis and clear cell patterns constituted S3
subclass. Macrotrabecular pattern/S2 showed activation
of therapeutically targetable oncogene YAP and stemness
[84]
markers EPCAM, keratin 19 .
Similar histomorphology correlates of molecular cha
racteristics were reported in scirrhous subtype and TSC1/
TSC2 mutations and steatohepatitis subtype with IL-6/
[85]
JAK/ STAT activation .

MORPHOMOLECULAR
CLASSIFICATIONS: REINCARNATION OF
TISSUE ANALYSIS IN HCC

SUMMARY: RENEWED INTEREST IN
BIOPSY WITH ROLE REDEFINED

Histopathological features can predict prognosis and
lately, linkage of prognosis to distinct biological pheno
[84,85]
types has been demonstrated
. HCC phenotype
may be associated with activation of specific oncogenic
pathways thus histopathological parameters and mole
cular markers acting in concert can be very useful prog
[85]
nostic predictors . HCC phenotypes are associated
with distinct molecular pathways and such association
is recently being the focus point due to the tremendous
scope for advancement in HCC therapy. Transcriptomic
[84]
[85]
classifications by Tan et al
and Calderaro et al
deserve special mention in this context.
[85]
In the study by Calderaro et al , CTNNB1 and
TP53 defined two distinct tumor phenotypes in a large
series of 343 cases of surgically resected HCC. Using
pathology, immunohistochemistry, gene expression
profiling and sequencing; patho-molecular correlates
were classified into G1-G6 based on transcriptomics.
Tumors associated with CTNNB1 mutations were large,
well-differentiated, cholestatic, with microtrabecular/
pseudo glandular pattern whereas TP53 mutated tu
mors were poorly differentiated, with multinucleated,
pleomorphic cells arranged in compact pattern and
displayed frequent vascular invasion. G1-G3 subclasses
demonstrated correlation with histological features of
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Histopathological evaluation of HCC tissue has time
tested applications in the diagnosis and prognosis (Table
1). Pathology combined with immunohistochemistry is
essential for the differentiation of HCC from preneoplastic
lesions, from metastatic diseases and other primary liver
tumors. Certain biopsy limitations especially needle tract
seeding, sampling errors and small risk of morbidity along
with the technical advancements in imaging, undermined
the importance of tissue analysis. This led most of the
international guidelines on HCC to restrict the role of
liver biopsy to characterize the lesions in non-cirrhotic
liver or those with equivocal imaging. Other advantages
of biopsy including the role in prognostication, therapy
decision, research and clinical trials along with teaching
and archiving in biobank, all suffered indirectly due to
lesser availability of tissue specimens. With increasingly
accumulating data on prognostic and therapeutic im
portance of specific phenotypes and distinct molecularmorphologic correlates, there is resurgence of interest in
the role of tissue evaluation. Analysis of tumor biopsies
allows clinicians to fine tune therapies. Molecular sub
classes with phenotypic surrogates will be valuable
for predicting response to specific targeted therapies
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Table 1 Role of tumour tissue analysis in hepatocellular carcinoma
Diagnostic

Prognostic/theragnostic

Distinguishing HCC from metastasis

Prognostic histomorpholic parameters-tumour grade, vessel invasion,
pTNM stage
Identification of Histological variants of prognostic importance
Tissue biomarkers-for prognostication
Tissue biomarkers-for assessing presence of therapeutic targets and drug
development
Histologic surrogates of clinically relevant molecular signatures-for
predicting prognosis
Histologic surrogates of clinically relevant molecular signatures-as
predictors of potential responders for targeted therapies

Distinguishing benign/preneoplastic lesions from HCC
Diagnosis confirmation of small HCC
Diagnosis of liver nodules in non-cirrhotic background
Diagnosis of atypical variants of HCC, which have atypical Imaging
findings
Combined HCC-CC
Diagnosis confirmation of HCC in phase Ⅲ trials of new drugs
HCC: Hepatocellular carcinoma.

Table 2 Based on the evidence from published literature, algorithm based on the role of tissue diagnosis is inserted
Mandatory
Lesion in a cirrhotic patient that lacks typical
imaging characteristics
All nodules developing in the non-cirrhotic
background
Combined hepato-cholangiocarcinoma
Atypical variants of HCC
Identifying stem cell phenotypes
Phase Ⅲ trials of novel drugs
Tissue biomarker development and studies

Potentially necessary/helpful

Unwarranted

Well-differentiated HCC

HCC, if typical features are present on dynamic
imaging technique
AFP levels very high in the absence of other
known causative tumours
Curative resection possible due to risk of needle
tract seeding, if biopsied

< 2 cm sized HCC, due to hypovascularity in
small HCC and lack of typical imaging findings
Predictors of prognosis
Teaching and biobanking
Distinguishing HCC from regenerative nodule,
dysplastic nodule, hepatic adenoma, FNH
Morphologic surrogates of molecular signatures
Surrogate biomarkers of MVI in liver biopsy

HCC: Hepatocellular carcinoma; MVI: Micro vascular; AFP: α-fetoprotein.

4

for HCC. HCC morphologic correlates of prognostically
important molecular signatures need to be explored
further to alleviate the HCC complications of recurrence,
intra-hepatic and distant metastasis, responsible for
dismal prognosis of HCC and to discover useful bio
markers (Table 2).

5

CONCLUSION

6

Histopathological analysis of HCC plays very important
role in the diagnosis, prognosis and management
decisions. Despite the shortcomings of biopsy and ad
vancements in imaging and molecular characterization
of HCC, value of biopsy is unshaken, with several recent
facets further empowering tissue analysis.

7
8
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Abstract
Endoscopy plays a fundamental role in the diagnosis,
management, and treatment of inflammatory bowel dis
ease (IBD). Colonoscopy, flexible sigmoidoscopy, and
esophagogastroduodenoscopy have long been used in
the care of patients with IBD. As endoscopic technologies
have progressed, tools such as endoscopic ultrasound,
capsule endoscopy, and balloon-assisted enteroscopy have
expanded the role of endoscopy in IBD. Furthermore,
chromoendoscopy has enhanced our ability to detect dys
plasia in IBD. In this review article, we will focus on the
roles, indications, and limitations of these tools in IBD.
We will also discuss the most commonly used endoscopic
scoring systems, as well as special considerations in
post-surgical patients. Lastly, we will discuss the role of
endoscopy in the diagnosis and management of fistulae
and strictures.
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Core tip: Although endoscopy has long been used in
the diagnosis and management of inflammatory bowel
disease (IBD), technologic advances have allowed for
additional tools to assist in the management and treat
ment of IBD patients. This review article discusses the
roles, indications, and limitations of endoscopy in IBD.

Received: March 29, 2018
Peer-review started: March 30, 2018
First decision: May 17, 2018
Revised: July 29, 2018
Accepted: August 1, 2018
Article in press: August 1, 2018

WJG|www.wjgnet.com

Spiceland CM, Lodhia N. Endoscopy in inflammatory bowel
disease: Role in diagnosis, management, and treatment. World J
Gastroenterol 2018; 24(35): 4014-4020 Available from: URL:

4014

September 21, 2018|Volume 24|Issue 35|

Spiceland CM et al . Endoscopy in IBD
http://www.wjgnet.com/1007-9327/full/v24/i35/4014.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i35.4014

described endoscopic findings in UC include edema,
loss of vascularity, erythema, mucosal granularity and
friability, erosions and ulcers, and pseudopolyps. In
treatment-naïve patients, these findings typically begin
at the rectum and extend proximally in a continuous
manner with a gradual transition to normal-appearing
[3]
mucosa . It is important to note that UC patients on
treatment can have patchy inflammation and rectal
[4]
sparing . Additionally, approximately 5% of patients
may also have an area of isolated peri-appendiceal
inflammation, commonly known as a cecal patch, which
does not have any correlation with disease activity or
[5,6]
clinical course . While many of the classic findings of
UC can also been seen in CD, three major endoscopic
findings that can aid in distinguishing CD from UC are
the presence of apthous ulcers, cobblestoning, and
[7]
discontinuous or “skip” lesions . Although isolated in
volvement of the terminal ileum is highly suggestive of
CD, “backwash ileitis” can occur in UC in the setting of
[8]
pancolitis . Mucosal biopsies with histologic examination,
upper gastrointestinal (GI) and small bowel endoscopy,
small bowel imaging, and serologic markers can further
assist when diagnostic uncertainty remains.

INTRODUCTION
Endoscopy plays a fundamental role in the diagnosis,
management, and treatment of inflammatory bowel
disease (IBD). Endoscopy is essential in excluding
other etiologies, establishing diagnoses, differentiating
between Crohn’s disease (CD) and ulcerative colitis
(UC), monitoring disease activity and response to treat
ment, and assessing for and treating complications.
Colonoscopy, flexible sigmoidoscopy, and esophago
gastroduodenoscopy (EGD) have long been used in the
care of patients with IBD. As endoscopic technologies
have progressed, tools such as endoscopic ultrasound,
capsule endoscopy, and balloon-assisted enteroscopy
have expanded the role of endoscopy in IBD. This review
will focus on the role, indication, and contraindication of
these tools in the management of IBD.

ENDOSCOPY IN DISEASE DIAGNOSIS

Diagnostic upper endoscopy

Diagnostic lower endoscopy (colonoscopy, flexible
sigmoidoscopy)

Although upper GI tract involvement can occur in up
[9]
to 16% of patients with CD , routine EGD is currently
not recommended in adult patients suspected of having
CD. However, EGD is often included in the diagnostic
evaluation of suspected IBD secondary to the overlap
of IBD symptoms and indications for upper endoscopy
such as abdominal pain, weight loss, nausea, and vomi
ting. Additionally, in adults with unclassified IBD, upper
endoscopy can aid in the diagnosis of CD if upper GI
involvement is found. At least two biopsies should be
taken from the esophagus, stomach, and duodenum
[10]
during EGD for suspected upper tract IBD . Endoscopic
findings of upper GI CD include aphthous ulcers, stric
tures, fistulas, and erythema. Upper GI tract disease
can present simultaneously with distal disease or later in
[11]
the disease course . In pediatric populations, isolated
upper GI CD occurs more commonly than in adults.
Thus, an EGD is recommended as part of the initial eva
luation of children with suspected IBD, regardless of
[12]
upper GI symptoms . Upper endoscopy is also useful
in evaluation for celiac disease which can have a similar
presentation to IBD in both the adult and pediatric
populations.

In patients with clinical presentations suggestive of IBD,
the initial evaluation should include a colonoscopy with
[1]
intubation and examination of the terminal ileum .
Colonoscopy with ileoscopy not only allows for direct
visualization of the colon and terminal ileum, but also
allows for necessary biopsies to be performed. When
IBD is suspected, two biopsy specimens from five sites,
[2]
including the ileum and rectum, are recommended .
Biopsy specimens should be obtained from both affected
and normal-appearing mucosa; specimens from different
[1]
locations should be labeled and submitted separately .
The combination of endoscopic and histologic features
assists in IBD diagnosis, the differentiation of CD vs UC,
as well as in the exclusion of other disease entities with
similar presentations (e.g., drug-induced colitis, infectious
colitis, ischemic colitis, and segmental colitis associated
with diverticulosis). Although flexible sigmoidoscopy is
inadequate for a complete initial evaluation of suspected
IBD, it can be useful in a few specific circumstances.
Overall, colonoscopy is a safe procedure with a low rate
of adverse events in patients with IBD. However, it is
relatively contraindicated in patients with severe colitis
and toxic megacolon. Therefore, in cases where a full
colonoscopy is contraindicated, flexible sigmoidoscopy
can provide a safer alternative that allows for distal
bowel examination and biopsy acquisition. Additionally,
flexible sigmoidoscopy can be used in patients with
established IBD to assess disease activity and/or to rule
out concomitant infection.
While patient presentation, history, laboratory infor
mation, and radiologic data can assist, colonoscopy
is essential in differentiating UC from CD. Classically
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Wireless video capsule endoscopy

Wireless video capsule endoscopy (VCE), first approved in
2001, has developed into a safe and effective technology
to image the small intestine. The noninvasive nature of
the VCE is a significant advantage over enteroscopy, and
the ability to detect early mucosal lesions allows for a
greater sensitivity than radiologic studies. The diagnostic
yield of VCE can be as high as 71%, depending on the
[13]
clinical setting . Typical findings of CD on VCE include
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confirmation of treatment response, thus playing a
critical role in the management of IBD. Clinical trials
have shown that mucosal healing has been associated
with improved outcomes in IBD, including sustained
remission, fewer hospitalizations, and a decreased need
[17,18]
for surgery
. Therefore, endoscopic outcomes, such
as mucosal healing, are now recommended treatment
[19]
goals in clinical practice . In 2015, the Selecting Thera
peutic Targets in Inflammatory Bowel Disease initiative
set forth consensus recommendations for treat-to[19]
target goals . The international consensus group
recommended that disease activity be reassessed at
6 to 9 mo by endoscopy in CD and at 3 to 6 mo after
[19]
the start of therapy in UC . Although no consensus
exists for endoscopic disease severity scores, numerous
endoscopic classification and scoring systems have been
[20,21]
developed to standardize endoscopic assessment
.
[22]
The Mayo Endoscopic Subscore for UC and the Simple
[23]
Endoscopic Score for CD (SES-CD)
are often used
both in clinic trials and clinical practice and can be seen
in Tables 1 and 2. Familiarity with and regular use of a
disease classification and severity scoring system allows
for a more standardized monitoring protocol among
providers.

Table 1 Mayo endoscopic subscore
Normal (0): No inflammatory signs
Mild (1): Erythema
Moderate (2): Friability, erosions
Severe (3): Spontaneous bleeding, ulcerations
Four-grade scale (0-3)[22].

Table 2 Simple endoscopic score in Crohn’s disease
Ulcer: None (0), 0.1-0.5 cm (1), 0.5-2 cm (2), > 2 cm (3)
Ulcerated surface: None (0), < 10% (1), 10%-30% (2), > 30% (3)
Affected surface: None (0), < 50% (1), 50%-75% (2), > 75% (3)
Narrowing: None (0), single passable (1), multiple passable (2),
impassable (3)
Sum of five segments scores for a total score (0-56)[23].

[14]

erythema, erosions, ulcerations, and strictures . VCE
should not be used in patients with known or suspected
strictures, as capsule retention has been described in
up to 13% of patients who underwent a capsule study
[15]
for CD . Therefore, it is recommended that patients
with known small bowel CD have small bowel imaging
or a patency study prior to VCE. The aforementioned
mucosal findings are not specific to CD and can be found
in patients with other etiologies, including NSAID use.
Therefore, an important limitation to VCE is the inability
to obtain tissue for histologic diagnosis. The PillCam® SB3
is a new capsule designed to provide improved diagnostic
accuracy due to better image quality and creating more
images with an adaptive frame rate of 2-6 frames per
second. Additionally, using the automatic mode of Rapid
Reader® software version 8.0 is expected to reduce the
reading time and minimize the possibility of missing
[16]
lesions . Given these improvements, this is being mar
keted for use in the evaluation of CD.

CRC screening and surveillance

Patients with IBD have an increased risk of developing
colorectal cancer (CRC) compared to the general popu
[24]
lation . Therefore, surveillance endoscopy to detect
dysplasia has been recommended in patients with UC
and CD with colon involvement beginning eight years
after diagnosis. Additionally, surveillance colonoscopy
is recommended annually, beginning at the time of
diagnosis, in patients with concomitant primary scle
rosing cholangitis given the high risk of CRC in this
[1,25,26]
population
.
Prior to the use of high imaging quality endoscopes,
IBD-related dysplasia was thought to be an endo
scopically invisible entity. Therefore, a random biopsy
technique was recommended by societies and be
came common practice. In the era of high definition
endoscopes and chromoendoscopy, most IBD-related
dysplasia is now believed to be visible and endoscopically
identifiable. Rather than random biopsies, a targeted
[27]
biopsy sampling method is now recommended . In
2015, the Surveillance for Colorectal Endoscopic Neo
plasia Detection and Management in Inflammatory Bowel
[28]
Disease Patients: International Consensus (SCENIC)
published a consensus statement on surveillance and
management of dysplasia in IBD; key recommendations
can be seen in Table 3. Highlights of the SCENIC recom
mendations include the use of chromoendoscopy with
targeted biopsy sampling rather than random biopsy
sampling and the use of high-definition instead of
standard-definition colonoscopes.
Along with the advances in dysplasia detection,
the management of IBD-related dysplasia has also
progressed. Historically, patients with dysplasia were
primarily managed with colectomy. However, it is now

Balloon assisted enteroscopy

Given the high diagnostic yields of less-invasive moda
lities such as radiologic small bowel imaging and VCE,
enteroscopy has a limited role in the initial evaluation of
patients with suspected IBD. However, when small bowel
abnormalities are identified by less invasive studies,
endoscopic and histologic evaluation is often a necessary
next step. When the location lies outside the reach of
standard endoscopy, balloon-assisted anterograde or
retrograde enteroscopy can be used to access the area of
interest. Additionally, enteroscopy allows for therapeutic
interventions such as hemostasis, stricture dilation, or
foreign body retrieval. However, deep enteroscopy can be
time consuming and technically challenging which often
limits use to specialized providers and centers.

ENDOSCOPY IN DISEASE MANAGEMENT
Assessment of disease activity and response to
treatment

Endoscopy allows for the visual assessment and histologic
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Table 3 Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients:
[28]
International Consensus recommendations for optimizing detection and management of dysplasia in inflammatory bowel disease
Detection of dysplasia on
surveillance colonoscopy

When performing surveillance with white-light colonoscopy, high definition is recommended rather than standard
definition
When performing surveillance with standard-definition colonoscopy, chromoendoscopy is recommended rather
than white-light colonoscopy
When performing surveillance with high-definition colonoscopy, chromoendoscopy is suggested rather than
white-light colonoscopy
When performing surveillance with standard-definition colonoscopy, narrow-band imaging is not suggested in
place of white-light colonoscopy
When performing surveillance with high-definition colonoscopy, narrow-band imaging is not suggested in place
of white-light colonoscopy
When performing surveillance with image-enhanced high-definition colonoscopy, narrow-band imaging is not
suggested in place of chromoendoscopy
Management of dysplasia discovered
After complete removal of endoscopically resectable polypoid dysplastic lesions, surveillance colonoscopy is
on surveillance colonoscopy
recommended rather than colectomy
After complete removal of endoscopically resectable nonpolypoid dysplastic lesions, surveillance colonoscopy is
suggested rather than colectomy
For patients with endoscopically invisible dysplasia (confirmed by a GI pathologist) referral is suggested to an
endoscopist with expertise in IBD surveillance using chromoendoscopy with high-definition colonoscopy
IBD: Inflammatory bowel disease.

pouchitis include mucosal erythema, edema, granularity,
erosions, and ulcerations. Other possible complications
after IPAA include cuffitis, pouch leakage, CD of the
pouch, and pouch failure. Pouch strictures are relatively
common and endoscopic therapy with balloon dilation
[31]
has been found to be both safe and effective .
Patients with CD who undergo partial colectomy or
partial ileocolectomy should have an endoscopic eva
luation of the neoterminal ileum six months to one year
[32,33]
after surgery
to evaluate for and stratify risk of
recurrence. CD can recur after surgery, most commonly
[34]
at the surgical anastomosis and neoterminal ileum .
[35]
The Rutgeerts Score may be used to classify the risk of
CD recurrence after ileocolonic anastomosis (Table 4). In
patients who have undergone total colectomy and endileostomy (patients with CD, or older UC patients with
poor functional outcomes after IPAA), ileoscopy can be
performed to visualize the ileum and assess for disease
response/recurrence.

Table 4 Rutgeerts score for Crohn’s disease recurrence at
[35]
ileocolonic anastomoses
i0 no lesions in neoterminal ileum
i1 < 5 aphthous lesions in neoterminal ileum
i2 > 5 aphthous lesions with normal mucosa, skip areas with larger
lesions, anastomotic lesions
i3 diffuse aphthous ileitis
i4 diffuse inflammation with ulcer, nodules, and/or stenosis

recommended that dysplasia determined to be “endo
scopically resectable” be managed with polypectomy,
endoscopic mucosal resection, or submucosal dissec
[28]
tion . Colectomy is now reserved for patients with
“endoscopically unresectable” lesions, endoscopically
invisible high-grade dysplasia despite chromoendoscopy,
[29]
or multifocal dysplasia .

Post-surgical management

Special considerations are necessary in the care of
patients who undergo an IBD-related surgery. Familiarity
with post-surgical anatomy and the diagnosis and
treatment of common postoperative complications are
required for adequate treatment of the post-surgical
patient population.
For patients with UC, ileal pouch anal anastomosis
(IPAA) has become the surgical treatment of choice
in patients who require colectomy. During ileal pouch
endoscopy, or pouchoscopy, a gastroscope is most
commonly used to examine the pouch, anastomosis,
and afferent small bowel. The gastroscope allows for
greater maneuverability than a colonoscope and its
smaller caliber allows it to pass through a stricture or
tight anastomosis more easily than the larger adult or
pediatric colonoscopes. Pouchitis is the most common
complication of IPAA and occurs in up to 50% of patients
[30]
over 10 years of follow-up . Endoscopic findings of

WJG|www.wjgnet.com

ENDOSCOPIC THERAPY IN IBD
Stricture evaluation and management

Modern IBD medical therapies, including anti-tumor
necrosis factor agents (ant-TNFs), have improved the
natural history of CD. This is especially true when used
before the development of irreversible fibrotic intestinal
damage. Despite this, stricturing complications remain
a significant cause of surgery, disability, and reduced
[36]
quality of life in IBD patients . Endoscopy is essential in
the diagnosis and assessment of IBD-related strictures
and is an evolving option for treatment.
Radiologic investigation is often an initial step when
a patient with CD presents with obstructive symptoms
suspicious for stricturing disease. Whether a CT scan
is obtained in an emergent setting due to concern for
pending small bowel obstruction, or a planned entero
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graphy is obtained prior to endoscopy, radiologic studies
can provide vital information about IBD-related stric
tures. However, endoscopy is indispensable to allow for
visual assessment of the stricture, biopsy to exclude
malignancy, and to provide therapy in select cases.
In patients with CD, strictures are most often lo
cated in the terminal ileum and colon. In post-surgical
patients, the site of ileo-colonic surgical anastomosis is a
[37]
common location for stricturing . Surgery has been a
long-standing treatment option for CD-related strictures
with stricturoplasty or small bowel resection. However,
endoscopic balloon dilation (EBD) is increasingly used
in patients with CD strictures to avoid surgery. The
symptomatic benefits of endoscopic treatment can be
sustained, with the ability to avoid surgery at 1, 3, and 5
years in 80%, 57%, and 52% of patients, respectively,
[38]
based on a retrospective series . In general, EBD is
most successful in patients with a short stricture (4
cm or less) with minimal inflammation, straight angle
of stricture (in line with the bowel lumen), and when
there is a narrowing attributable to a single surgical
[39,40]
anastomosis without a fistula orifice nearby
. Addi
tionally, EBD has been found to be safe, with only a 3%
[41]
rate of perforation . Typically, the maximum balloon
diameter used for stricture dilatation is 20 mm and stric
ture with fistula is classically a contraindication for endo
scopic dilatation. Endoscopic balloon dilatation of ileoanal
pouch strictures is safe and effective and is often recom
mended as the first line strategy to treat ileoanal pouch
[42]
strictures .
Although endoscopic injection of steroids and
anti-TNFs have been attempted, there is no clear evi
dence to support this as an adjunct to EBD. Needle[43]
knife stricturotomy
and self-expanding metal stent
[44]
placement are additional described techniques of endo
scopic stricture management. However, the indication,
efficacy, and safety are still being determined and future
studies will be necessary before mainstream use can be
recommended. Lastly, it should be noted that a colonic
stricture in UC should be considered malignant until
proven otherwise. If adequate biopsies are not possible,
[45]
surgery should be considered .

predominantly surgical. A recent study which included 29
consecutive patients with fistulas and IBD showed that
endoscopic fistulotomy with a needle-knife appears to be
safe and effective in treating IBD-related fistulas. Twentysix patients (89.6%) achieved complete resolution of the
fistula, while three patients (10.3%) had a persistent
[48]
fistula and required surgical intervention .

CONCLUSION
Endoscopy plays an essential role in the diagnosis of
IBD, differentiating between CD and UC, monitoring
disease activity, assessing for and treating complications,
and for colorectal cancer surveillance. New technologies
and endoscopic techniques allow for an evolving role
of endoscopic management of complications, such as
strictures, that traditionally required surgery.
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Abstract
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Hepatology, Feeding Disorders and Paediatrics, The Children’s
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The introduction of biological treatments has changed
disease outcomes for patients with inflammatory bowel
disease. Biologicals have high efficacy, and can induce and
maintain remission after failed responses to conventional
immunosuppressive and/or steroid therapy. The increasing
occurrence of severe disease at diagnosis has resulted
in infliximab being more often introduced as the firstline treatment in a “top-down” approach. Besides their
favourable efficacy and safety profile, biologicals have
one significant disadvantage, which is their high cost. This
results in many patients stopping therapy prematurely,
with the maintenance phase being too short. This often
leads to disease exacerbation shortly after treatment
cessation. Every newly started course of biological the
rapy can induce production of anti-drug antibodies, which
can result in treatment failure and possible allergic/
anaphylactic reactions. The introduction of biological bio
similars was intended to greatly reduce therapy costs
thus increasing the availability of these agents to more
patients. It was also anticipated that biosimilars would
prevent premature termination of therapy. Analyses of pae
diatric data suggest that biosimilar infliximabs are equally
effective as the reference infliximab. Safety patterns also
seem to be similar. Paediatric experience places costtherapy reductions at around 10%-30%.
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support adult findings that biosimilars are as effective and
safe as the reference infliximab in this population.
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indication. The approval pathway is concerned mostly
about clinical trials to confirm safety and efficacy. For
approval of biosimilars, structural, analytical and in vitro
similarity must be shown. A clinical trial is sufficient to
prove conformity for only one indication. If equivalence
is revealed, this indication can be extrapolated for all
[8]
indications involving the reference drug . Indeed,
approval to use the biosimilar infliximab in IBD pa
tients has been based on extrapolation. The clinical
testing of biosimilar infliximab has been performed in
rheumatologic diseases. A multicentre, double-blind,
randomised phaseⅠ study (PLANETAS) compared the
pharmacokinetics, safety and efficacy of the reference
infliximab and the biosimilar infliximab (CT-P13) in 250
[9]
anti-TNF-naive ankylosing-spondylitis patients . The
pharmacokinetics of both infliximab molecules were equi
valent. Further, the efficacy and safety profiles were both
highly similar. “PLANETRA” was a multicentre, doubleblind, randomised phase Ⅲ study conducted among
[10]
patients with rheumatoid arthritis . The patients had
concomitant therapy with methotrexate. The authors
ascertained that the efficacy, safety and immunogenicity
of both molecules were similar. Approval by extrapolation
met with deep concern among gastroenterologists, and
with reluctance to initiate use. This was reflected in the
first European Crohn’s and Colitis Organisation (ECCO)
[11]
recommendations . Similar results for rheumatology
were not considered sufficiently conclusive to ensure the
safety and effectiveness of biosimilars in IBD patients.
There was a suspicion that the different mechanisms
of anti-TNF action, and especially the concomitant the
rapy used for rheumatic disease, might change the
appearance of antibodies. Thus, the work undertaken
in rheumatological conditions would not be suitable for
proving the safety and efficacy of new biosimilars in IBD,
especially for children. Non-clinical in vitro studies on
CT-P13 highlighted the differences in FcgRⅢa-receptor
binding, and in antibody-dependent cell-mediated
[12]
cytotoxicity from the reference infliximab molecule .
Although the differences were considered to be clinically
insignificant in IBD patients, the problem was widely
discussed in the context of patient safety and treatment
[13,14]
efficacy
. An interesting study describing biological
activities of CT-P13 and the reference infliximab has
[15]
been published recently. Lim et al
used especially
produced intestinal cells stimulated by a mixture of
cytokines to start the inflammatory process to determine
whether both drugs had similar functions in vitro. The
research design included varying evaluations of the sup
posed anti-TNF action. Firstly, the suppression of proinflammatory cytokine secretion was detected. TNFα
mobilised immune cells to the inflammatory site, which
induced the extrication of inflammatory cytokines and
mediators from epithelial and immune cells. Infliximab
neutralised and inhibited soluble-TNFα, which had the
[16]
effect of diminishing the expression of mediators . Lim
[15]
et al
detected that inhibition of the secretion of the
pro-inflammatory cytokines, interleukin (IL)-6 and IL-8,

INTRODUCTION
Inflammatory bowel disease (IBD) includes Crohn’s
disease (CD), ulcerative colitis (UC), and unclassified
colitis. These diseases are characterised mainly by
gastrointestinal symptoms, although extra-intestinal
symptoms including general complications like mature
or pubertal relapse and malnutrition can also occur.
Therefore, it is very important to initiate effective treat
ment promptly. The introduction of biological therapies
has dramatically changed treatment approaches and
outcomes for patients with IBD. Biologics are medicinal
products derived from living cell lines using recombinant
DNA technology. At the beginning, biologics were re
served only for the most severe disease. However, the
good safety profile of these agents has increasingly
resulted in introduction shortly after diagnosis, especially
in patients with poor prognostic factors. Early-onset
[1,2]
IBD can have a more aggressive disease course .
Moreover, an increase in the incidence of paediatric IBD
[3]
is being observed . The first biologicals introduced to
treat IBD patients were anti-tumour necrosis factor (TNF)
inhibitors. TNFα is an inflammatory cytokine produced by
immune cells. The anti-TNF-reference molecules available
to treat children with IBD are adalimumab (Humira,
AbbVie) and infliximab (Remicade, Janssen). Infliximab
was introduced for adult patients with IBD in 1998,
and was the first biological molecule used to treat this
[4]
disease. In 2007, Hyams et al reported high efficacy
and safety for infliximab among paediatric CD patients.
[5]
In 2012, this was also documented in children with UC .
The safety and efficacy of adalimumab for children was
[6]
also proven prospectively by Hyams et al Similar results
[7]
have been presented in other retrospective analyses .

BIOSIMILARS: SIMILAR BUT NOT
IDENTICAL
Biosimilars are biological products that are highly similar
to the reference drugs. Their similarity needs to be
proven in terms of their characteristics, biological activity,
immunogenicity, efficacy and safety. Biosimilars cannot
be viewed as generics because generics must be identical
to the reference products. In 2013, after the licences
for infliximab had expired, the first biosimilar for IBD
approved by the European Medicinal Agency (EMA) was
biosimilar infliximab under the brand names Remsima
(Celltrion, Inc, Incheon, South Korea) and Inflectra
(Pfizer, New York, NY, United States). In April 2016, the
Food and Drug Administration (FDA) also approved the
use of biosimilars. To be approved, all new biologics
require physicochemical analyses, animal studies, cli
nical evaluations and clinical trials for each proposed
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Table 1 Treatment of Crohn’s disease paediatric patients with biosimilar infliximab
Study

Number
of patients

PCDAI
before treatment

Time of assessment
after induction

Remission
(%)

29
29
36

27.5 (7.5-55)
28 (20, 40)
52.5

12 wk
3 mo
14 wk

67
79
67

Richmond et al[21]
Chanchlani et al[19]
Sieczkowska-Golub et al[20]

PCDAI: Paediatric Crohn's Disease Activity Index.

was similar with both infliximab forms. This research
group also evaluated how neutralisation of soluble
TNFα induced apoptosis of intestinal epithelial cells. The
induction of apoptosis in monocytes and lymphocytes
by infliximab is a significant action because of the dimi
nished cytokine release, which leads to blockade of the
[17]
inflammatory response . The action of infliximab in
neutralising soluble TNFα suppresses intestinal epithelial
apoptosis. For this, both infliximab forms were shown to
work similarly. Another comparison aim was examination
of apoptosis and cytokine suppression, which is induced
by reverse signalling when infliximab molecules bind
to transmembrane TNFα. The authors detected that
the infliximabs had similar ability to induce apoptosis,
and both molecules demonstrated congruous dosedependent cytokine suppression. Other tests revealed
similar results for both infliximab molecules in the case of
the promotion of regulatory macrophages. Based on their
analyses, the authors verified an insignificant difference
[15]
in antibody-dependent cell-mediated cytotoxicity .

centres biosimilars were used in paediatric IBD patients,
mainly due to the unavailability of the originator molecule.
Nevertheless, there are only a few studies reporting
the use of biosimilars in children. A recently published
multi-centre study involved 278 paediatric patients,
who started infliximab-reference therapy (n = 175),
infliximab biosimilars (n = 82) or adalimumab (n = 21).
Unfortunately, in assessing infliximab efficacy with the
Paediatric Crohn’s Disease Activity Index (PCDAI) score,
only 24% (42/175) of the reference infliximab patients
were assessed at baseline along with 35% (29/82) of
the biosimilar infliximab group. At the 3-mo follow-up,
the PCDAI scores were known only for 11% (19/175)
and 18% (15/82) of the reference and biosimilar groups,
respectively. Most of the reference infliximab (28/33 i.e.,
85%) and biosimilar (19/22 i.e., 86%) groups presented
with a response. Remission was achieved in 25/37 (68%)
and 19/24 (79%), respectively. Some of the patients
had their disease severity assessed by Physician’s Global
Assessment (PGA), with an improvement also observed.
Among this cohort no unexpected adverse events occur
red, but six of the 121 (5%) patients assessed at the
3-mo follow-up experienced various conditions including
a rash (2 patients), fever (2 patients), blood abnormality
[19]
(1 patient) and difficulty in breathing (1 patient)
(Table 1). A study conducted among Polish paediatric
patients assessed the induction efficacy of the biosimilar
infliximab. The assessment involved 36 patients from
three hospitals. Three induction doses were administered
to 34/36 (94.4%) patients. Fourteen weeks after the
first biosimilar dose was given, a clinical response was
achieved in 31/36 (86%) patients, and remission in
24/36 (67%). Only one allergic reaction was reported
during the drug infusion. Mild adverse events occurred,
mainly upper-respiratory tract infections. No serious
[20]
adverse events were observed (Table 1). Two of the
above-mentioned studies compared their results to
historical work in similar patient cohorts treated with the
reference infliximab, with similar findings. The authors
reported a similar efficacy and safety profile among
both cohorts, treated with biosimilar and reference infli
ximabs. A study from the United Kingdom used 40 pae
diatric patients, most of whom were naïve for anti-TNF
treatment. The cohort consisted of 29 CD and 11 UC
patients, with almost all (95%) receiving concomitant
therapy. The biosimilar infliximab induced remission in
14/21 (67%) patients. Significant decreases in PCDAI
were observed. One patient presented with an infusion[21]
associated allergic reaction (Table 1). As with the Polish
cohort patients with allergic reactions, their reactions had
been affected by prior exposure to originator infliximab.

A STATEMENT OF BIOSIMILAR USE IN
PAEDIATRICS
Shortly after biosimilars became available on the mar
ket, a statement was released about their use by the
European Society for Paediatric Gastroenterology, Hepa
tology and Nutrition (ESPGHAN) and the Paediatric IBD
Porto Group. The paper was an expert opinion directed
at paediatric gastroenterologists taking care of children
with IBD. Because of the lack of clinical trials among IBD
patients, the paper could not be regarded as containing
strict recommendations, and was summarised in three
propositions. Firstly, the authors advocated giving
high priority to conducting paediatric trials with longterm follow-up, to support EMA decisions on biosimilar
approvals for paediatric IBD. Secondly, the experts did
not recommend switching patients to a biosimilar during
sustained remission until clinical trials verifying the
safety and efficacy of biosimilars in IBD were available.
Thirdly, all participants agreed that post-marketing
surveillance programmes measuring the efficacy, safety
and immunogenicity in children with IBD, should be a
mandatory requirement for the marketing of biologics
[18]
and biosimilars for specific indications .

INFLIXIMAB BIOSIMILAR EXPERIENCES
Induction and maintenance therapy with biosimilar
infliximab

Regardless of the above-mentioned statement, in some
WJG|www.wjgnet.com
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Table 2 Switching experiences among paediatric inflammatory bowel disease patients
Study
Kang et al[25]
Sieczkowska et al[24]

Number of patients

Time of follow up

Remission (%)

32 CD and 6 UC
32 CD and 7 UC

1 yr
8 ± 2.6 mo (range 2-11) for CD
5 ± 3.6 mo (range 0-9) for UC

78.9
88
57

CD: Crohn’s disease; UC: Ulcerative colitis.

to biosimilars with those remaining on the reference
infliximab therapy. The 74 patients were divided into
two groups (the reference and biosimilar groups) who
were followed-up for one year after therapy. Decisions
on the treatment types were made by the patients and
their guardians. The reference infliximab group com
prised 36 patients (28 with CD and 8 with UC), while
38 (32 with CD and 6 with UC) elected to switch to
CT-P13. Maintenance therapy of one-year duration was
continued by 86.1% of the patients with the reference
infliximab, and 92.1% with the biosimilar. Sustained
remission was attained in 28/36 (77.8%) of the patients
on the reference infliximab and 30/38 (78.9%) of the
patients in the CT-P13-switch group. Eight of the patients
taking part in the study did not finish the year of followup. Three achieved total remission and did not wish to
continue with further therapy, three needed to change
to adalimumab due to loss of response, and two were
lost to follow-up. No serious adverse events or infusion[25]
related reactions were observed
(Table 2). Several
studies of adults assessed patients around the time of
switching. Most of them aimed at assessing disease
activity, safety and immunogenicity. None of the adult
[26-31]
studies reported worsening disease after switching
.

Table 3 Biosimilars approved by the European Medicinal
Agency in use among inflammatory bowel disease
[38-40]
patients
Name of biosimilar
Infliximab
Flixabi
Inflextra
Remsima
Adalimumab
Amgevita
Cyltezo
Hyrimoz
Imraldi
Solymbic

Manufacturer

Date of approval

Samsung Bioepis
Hospira
Celtrion

May-16
Sep-13
Sep-13

Amgen
Boehringer Ingelheim
Sandoz
Samsung Bioepis
Amgen

Jan-17
Sep-17
Jun-18
June 20016
Jan-17

The paediatric data are supported by studies in
adults. To date, studies assessing the efficacy and safety
of biosimilars have primarily been conducted among
[22]
adult patients. Komaki et al
presented a systematic
review of 829 IBD patients from 11 observational
studies. The patients either received biosimilar therapy
from the beginning or were switched from the reference
infliximab. The authors concluded that both infliximab
molecules were highly similar in terms of safety and
efficacy. Another systematic review, which aggregated
data from 11 observational studies, was carried out by
[23]
Radin et al . A total of 1007 patients were included.
The authors did not observe any significant difference
in efficacy or safety between the reference infliximab
and the biosimilar CT-P13. There are no data on use of
the new biosimilar infliximab Flixabi (Samsung Bioepis,
United Kingdom) among children.

BIOSIMILAR ADALIMUMAB
The first biosimilar adalimumab appeared in India and
was named ZRC-3197 (Exemptia - Zydus Cadila Health
care Ltd.). A prospective, randomised, double-blind,
multi-centre, parallel-group, active, controlled study
among rheumatoid arthritis patients confirmed that
the biosimilar adalimumab was similarly effective and
[32]
tolerated as the reference molecule . The licence for
adalimumab in Europe expired. The currently available
biosimilar substances approved by the EMA and FDA are
presented in Tables 3 and 4. Many new biosimilars are
[33]
in the pipeline . To date, there appears to be no paper
published on the use of the biosimilar adalimumab for
IBD.

Switching

Only two studies in paediatric patients reported their
experiments involving changing the infliximab molecule
during the same course of therapy (Table 2). The first
study, conducted in Poland, concerned 39 patients, 32 of
whom had CD while 7 had UC. All the patients who were
over 16 years of age, and all parents needed to consent
to continuation of therapy with biosimilars, due to the
unavailability of the reference molecule. The young peo
ple had the drug change at different times in the main
tenance phase, with none presenting during follow-up
with disease exacerbation after biosimilar introduction.
No serious adverse events occurred, and the incidence
of mild adverse events did not differ before and after
[24]
drug change
(Table 2). The second study, conducted
in Korea, was a comparison of patients after the switch

WJG|www.wjgnet.com

CHANGES IN KNOWLEDGE OF
BIOSIMILARS
One year after the biosimilar infliximab became available
[34]
clinically, Danese et al
conducted an anonymous
survey of gastroenterologists to assess their knowledge
and perception about the biosimilars that were emer
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Infliximab
Infliximab-abda
Infliximab-dyyb
Infliximab-qbtx
Adalimumab
Adalimumab-adbm
Adalimumab-atto

Brand name

Date of licensure

Renflexis
Inflectra
Ixifi

Apr-17
Apr-16
Dec-17

Cyltezo
Amjevita

Aug-17
Sep-16
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2
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5

6
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COST SAVINGS
The high efficacy and safety of biologics makes them the
preferred therapy type. The main limitation of their use
is high cost. Because of the expense of therapy, biologics
are usually used in the most severe disease forms. Fur
thermore, therapy is often discontinued too early due
to cost limitations. The introduction of biosimilars raised
great expectations regarding reductions in therapy
[35-37]
costs
. Cost reductions bring enormous benefits
through making treatment available to a greater num
ber of patients, and increasing the possibility of a long
maintenance phase. In two paediatric studies, calcu
lations of cost reductions were done. In a Scottish pae
diatric study, the average cost reduction was around
[21]
38% . A recently published United Kingdom study
confirmed savings during one-year of therapy of around
[19]
10%-30% .

8

9

10

CONCLUSION
To date, published data on paediatric IBD remain limited.
Nevertheless, the above-mentioned studies show that
the efficacy and safety of biosimilars and the originator
infliximab are similar. The results are comparable to data
on adults.
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Abstract

Institutional animal care and use committee statement:
The experimental protocol was designed in compliance with
the guidelines of the European Communities Council Directive
2010/63/UE and the recommendations for the care and use of
laboratory animals approved by the Animal Care Committee of
the University of Florence, Italy, with authorization from the
Italian Ministry of Health nr. 787/2016-PR.

AIM
To investigate whether the adipocytes derived hormone
adiponectin (ADPN) affects the mechanical responses in
strips from the mouse gastric fundus.
METHODS
For functional experiments, gastric strips from the fundal
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region were cut in the direction of the longitudinal mus
cle layer and placed in organ baths containing KrebsHenseleit solution. Mechanical responses were recorded via
force-displacement transducers, which were coupled to a
polygraph for continuous recording of isometric tension.
Electrical field stimulation (EFS) was applied via two
platinum wire rings through which the preparation was
threaded. The effects of ADPN were investigated on the
neurally-induced contractile and relaxant responses elicited
by EFS. The expression of ADPN receptors, Adipo-R1 and
Adipo-R2, was also evaluated by touchdown-PCR analysis.

DOI: http://dx.doi.org/10.3748/wjg.v24.i35.4028

INTRODUCTION
White adipose tissue is recognized as an endocrine or
[1]
gan , being able to secrete many substances, known
as adipokines, that are involved in a wide range of
[1,2]
functions . Among them, accumulating evidence
suggests that adipose-tissue derived hormones, such
as leptin and adiponectin (ADPN), play an important
role in the systemic metabolic homeostasis, also acting
[1-6]
as key neuromodulators of food intake . ADPN is a
peptide hormone mainly produced by white adipose
tissue although its expression has been reported also
[7]
in other organs of different animal species , including
[8]
the mouse stomach . ADPN exerts its effects mainly
through the activation of two seven transmembrane
[9]
domain receptors, Adipo-R1 and Adipo-R2 , whose
expression has been revealed, other than in the brain, in
[7]
a variety of mammalian peripheral tissues . Particularly,
Adipo-R2 mRNA expression has been reported in the
[10]
gastrointestinal tract of rats .
Interestingly, many substances that act centrally
to modulate food intake also influence the activity of
[11-14]
gastrointestinal smooth muscle
, whose motor phe
nomena represent a source of peripheral signals involved
in the control of feeding behavior thought the gut-brain
[15]
axis .
All the above knowledge are consistent with the
possibility that ADPN too could affect gastrointestinal
motor responses, although no data are present in the
literature concerning these effects.
On this ground, in the present study we investigated
whether ADPN influences the mechanical responses in
strips from the mouse gastric fundus. The expression
of both the ADPN receptors was also evaluated by
touchdown-PCR analysis.

RESULTS
In the functional experiments, EFS (4-16 Hz) elicited
tetrodotoxin (TTX)-sensitive contractile responses. Ad
dition of ADPN to the bath medium caused a reduction in
amplitude of the neurally-induced contractile responses
(P < 0.05). The effects of ADPN were no longer observed
in the presence of the nitric oxide (NO) synthesis inhibitor
G
L-N -nitro arginine (L-NNA) (P > 0.05). The direct smooth
muscle response to methacholine was not influenced by
ADPN (P > 0.05). In carbachol precontracted strips and
in the presence of guanethidine, EFS induced relaxant
responses. Addition of ADPN to the bath medium, other
than causing a slight and progressive decay of the basal
tension, increased the amplitude of the neurally-induced
relaxant responses (P < 0.05). Touchdown-PCR analysis
revealed the expression of both Adipo-R1 and Adipo-R2 in
the gastric fundus.
CONCLUSION
The results indicate for the first time that ADPN is able
to influence the mechanical responses in strips from the
mouse gastric fundus.
Key words: Adiponectin; Adiponectin receptors; Gastric
motility; Nitric oxide; Non-adrenergic, non-cholinergic
neurotransmission
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Evidence exists that some white adipose-tissue
derived hormones that are involved in the regulation of
food intake also influence the motor responses of the
gastrointestinal tract. In this view, adiponectin (ADPN) too
has been reported to influence food intake but no data
concerning its effects on the gastric mechanical activity
are available. The present results indicate for the first time
that ADPN is able to influence the mechanical responses
in strips from the mouse gastric fundus. It could be
speculated that these peripheral effects on motor pheno
mena might represent an additional mechanism engaged
by the hormone to control food intake.

Animals

Experiments were carried out on 8-12 wk old C57BL/6
female mice (Charles River, Lecco, Italy). The animals
were fed standard laboratory chow and water, and were
housed under a 12-h light/12-h dark (12 L : 12 D)
photoperiod and controlled temperature (21 ℃± 1 ℃).
The experimental protocol was designed in compliance
with the guidelines of the European Communities Council
Directive 2010/63/UE and the recommendations for
the care and use of laboratory animals approved by the
Animal Care Committee of the University of Florence,
Italy, with authorization from the Italian Ministry of
Health nr. 787/2016-PR. The mice were killed by prompt
cervical dislocation to minimize animal suffering.

Idrizaj E, Garella R, Castellini G, Mohr H, Pellegata NS, Francini
F, Ricca V, Squecco R, Baccari MC. Adiponectin affects the
mechanical responses in strips from the mouse gastric fundus.
World J Gastroenterol 2018; 24(35): 4028-4035 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i35/4028.htm
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and ADPN, for which stock solutions were kept stored at
-20 ℃.
Drug concentrations are referred as final bath con
centrations. For ADPN we started from 20 pmol/L, i.e.,
the dose previously reported to be effective in in vitro
[8]
gastric preparations . Direct smooth muscle contractions
were obtained by addition of methacholine to the
bath medium. The interval between two subsequent
applications of methacholine was no less than 30
min, during which repeated and prolonged washes of
the preparations with Krebs-Henseleit solution were
performed. In order to investigate the effects of ADPN
in non-adrenergic, non-cholinergic (NANC) condition,
guanethidine and CCh were added to the bath medium,
to rule out the adrenergic and the cholinergic influences,
respectively. When contraction elicited by CCh reached a
stable plateau phase, EFS or drugs were applied.

Table 1 PCR components
Reagents

Volume

Forward primer (0.01 pmol/L)
Reverse primer (0.01 pmol/L)
GOTaq colorless Master Mix sample (PromegaR)
H 2O
cDNA template

1 μL
1 μL
12.5 μL
9.5 μL
1 μL

Table 2 Touchdown-PCR setup
Step Temperature (℃)

Time

Note

1
2
3
4
5
6
7
8
9

3 min
20 s
30 s
35 s
20 s
30 s
35 s
2 min

-0.5 ℃ per cycle
Repeat steps 2-4 for 12 cycles
Repeat steps 5-7 for 25 cycles
Hold

94
94
64
72
94
58
72
72
4

Polymerase chain reaction for ADPN receptors

Aiming to assess the presence of mRNA for ADPN recep
tors in gastric fundal tissue, mouse tissues were snapfrozen in liquid nitrogen and stored at -80 ℃ until use.
Then, from frozen tissue sections, RNA was extracted
using RNeasy Mini Kit (Qiagen, Hilden, Germany) fol
lowing the manufacturer’s instructions. Polymerase chain
reaction (PCR) was performed for AdipoR1 and AdipoR2
receptors and the following primers were used:
AdipoR1 forward 5’-CAG AGA AGC TGA CAC AGT
GGA G-3’ and reverse 5’-GTC CCT CCC AGA CCT TAT
ACA C-3’; AdipoR2 forward 5’-GGA CTC CAG AGC CAG
ATA TAC G-3’ and reverse 5’-ACT CTT CCA TTC GTT CCA
TAG C-3’.
The mixtures listed in Table 1 were prepared in thin
walled 0.2 mL tubes and analysed by Biometra PCR
cycler. PCRs were run with the program reported in Table
2.
Three gastric fundus were evaluated and a negative
control without cDNA template as well as a positive
control containing cDNA of inguinal fat pad were ana
lyzed in parallel. The positive control was chosen since
both Adipo-R1 and Adipo-R2 are well expressed in
adipocytes which are the most relevant cell types for
[18]
these receptors .

stomach was rapidly dissected from the abdomen and
two full-thickness strips (2 mm × 10 mm) were cut
in the direction of the longitudinal muscle layer from
each fundal region. One end of each strip was tied to a
platinum rod while the other was connected to a force
displacement transducer (Grass model FT03) by a silk
thread for continuous recording of isometric tension.
The transducer was coupled to a polygraph (7K; Grass
Instrument). Muscle strips were mounted in 5 mL doublejacketed organ baths containing Krebs-Henseleit solution,
which consisted of 118 mmol/L NaCl, 4.7 mmol/L KCl,
1.2 mmol/L MgSO4, 1.2 mmol/L KH2PO4, 25 mmol/L
NaHCO3, 2.5 mmol/L CaCl2, and 10 mmol/L glucose pH
7.4, and bubbled with 95% O2/5% CO2. Prewarmed
water (37 ℃) was circulated through the outer jacket
of the tissue bath via a constant-temperature circulator
pump. The temperature of the Krebs-Henseleit solution
in the organ bath was maintained within ± 0.5 ℃.
Electrical field stimulation (EFS) was applied via
two platinum wire rings (2 mm diameter, 5 mm apart)
through which the preparation was threaded. Electrical
impulses (rectangular waves, 80 V, 4-16 Hz, 0.5 ms, for
15 s) were provided by a Grass model S8 stimulator.
Strips were allowed to equilibrate for 1 h under an initial
load of 0.8 g. During this period, repeated and prolonged
washes of the preparations with Krebs-Henseleit solution
were done to avoid accumulation of metabolites in the
organ baths.

data collection

Amplitude of contractile responses is expressed as
percentage of the muscular contraction evoked by 2
μmol/L methacholine, assumed as 100% or as abso
lute values (g). Amplitude of contractile responses
to methacholine was measured 30 s after a stable
plateau phase was reached. Relaxant responses are
expressed as percentage decrease relative to the
muscular tension induced by 1 μmol/L CCh just before
obtaining relaxations. Amplitude values of EFS-induced
relaxations refer to the maximal peak obtained during
the stimulation period.

Drugs

The following drugs were used: acetyl-β-methylcholine
chloride (methacholine), recombinant full-length mouse
adiponectin (ADPN), atropine sulphate, carbachol (CCh),
G
guanethidine sulphate, L-N -nitro arginine (L-NNA),
tetrodotoxin (TTX). All drugs were obtained from Sigma
Chemical (St. Louis, MO, United States). Solutions were
prepared on the day of the experiment, except for TTX
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Statistical analysis

Statistical analysis was performed by means of
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Figure 1 Effects of adiponectin on the neurally-induced contractile responses in strips from the mouse gastric fundus. A: Typical tracing showing the
contractile responses to EFS (left hand panel). ADPN (20 nmol/L) decreases the amplitude of the neurally-induced contractile responses (right hand panel); B: Bar
charts showing the influence of ADPN (20 nmol/L) on the mean amplitude of the EFS-induced contractile responses in the absence (left hand panel) and in the
presence (right hand panel) of L-NNA (200 μmol/L). Note that, in the presence of L-NNA, ADPN no longer decreases the amplitude of the neurally-induced excitatory
responses in the whole range of stimulation frequency employed. Amplitude of contractile responses is expressed as percentage of the muscular contraction evoked
by 2 μmol/L methacholine, assumed as 100%. All values are means ± SE of 6 strips from 3 mice. aP < 0.05 vs the control; bP < 0.05 and P > 0.05 vs the control and
vs L-NNA, respectively (Student's t-test plus ANOVA and Newman-Keuls post-test). ADPN: Adiponectin; L-NNA: L-NG-nitro arginine.

responses in the whole range of stimulation frequency
employed (Figure 1A and B). The effects of ADPN were
already appreciable 10 min after its addition to the bath
medium and persisted up to 60 min (longer time not
observed). Addition of the nitric oxide (NO) synthesis
inhibitor L-NNA (200 μmol/L) to the bath medium (n =
6) caused an increase in amplitude of the EFS-induced
contractile responses (Figure 1B). In the presence of
L-NNA, the depressant effects of ADPN on the neurallyinduced contractile responses were no longer observed
(Figure 1B).
Addition of the muscarinic receptors agonist metha
choline (2 μmol/L) to the bath medium (n = 4) caused,
after 10-15 s of contact time, a sustained contracture
which reached a plateau phase (mean amplitude 0.99 g
± 0.2 g) that persisted until washout. The amplitude of
the direct muscular response elicited by methacholine
was not influenced by 20 nmol/L ADPN (mean amplitude
0.98 ± 0.3; P > 0.05).
The effects of ADPN on the fundal strips were also
[16]
tested in NANC conditions. As previously observed ,

Student’s t-test to compare two experimental groups
or one-way ANOVA followed by Newman-Keuls posttest
when more than two groups were compared. Values
were considered significantly different with P < 0.05.
Results are given as means ± SE. The number of muscle
strip preparations is designated by n in the results.

RESULTS
Mechanical experiments

At basal tension EFS (4-16 Hz) induced (n = 22) con
tractile responses, whose amplitude increased by in
creasing the stimulation frequency (Figure 1A). As pre
[16,17]
viously observed in the mouse gastric fundus
, the
EFS-evoked contractile responses were abolished by TTX
(1 μmol/L) (P < 0.05) or atropine (1 μmol/L) (P < 0.05),
thus indicating that they were neurally-induced and
cholinergic in nature.
Addition of ADPN to the bath medium caused, at 20
nmol/L (n = 12), a statistically significant reduction (P
< 0.05) in amplitude of the neurally-induced excitatory

WJG|www.wjgnet.com

4031

September 21, 2018|Volume 24|Issue 35|

Idrizaj E et al . Effects of adiponectin on gastric strips

A

0.2 g
1 min

ADPN
4 HZ

8 HZ

16 HZ

4 HZ

8 HZ

16 HZ

B

Amplitude relaxant responses (%)

100

Control
ADPN

a

80

60
a
a

40

20

0

4 HZ

8 HZ

16 HZ

Figure 2 Effects of adiponectin on the neurally-induced relaxant responses in strips from the mouse gastric fundus. A: Typical tracing showing the relaxant
responses to EFS (left hand panel). ADPN (20 nmol/L) increases the amplitude of the neurally-induced relaxant responses (right hand panel); B: Bar chart showing
the influence of ADPN on the mean amplitude of the EFS-induced relaxant responses. Note that ADPN increases the amplitude of the neurally-induced relaxation in
the whole range of stimulation frequency employed. Relaxant responses are expressed as percentage decrease relative to the muscular tension induced by 1 μmol/L
CCh just before obtaining relaxations. All values are means ± SE of 6 strips from 3 mice. aP < 0.05 vs the control (Student's t-test). ADPN: Adiponectin.

18 strips examined, a slight (mean amplitude 0.15 g ±
0.02 g) and progressive decay of the basal tension that
was not influenced by 1 μmol/L TTX (P > 0.05). In CCh
precontracted strips, EFS (4-16 Hz) elicited (n = 16),
during the stimulation period, relaxant responses (Figure
2A) whose amplitudes were increased following the
addition of ADPN (20 nmol/L) to the bath medium (Figure
2A and B).

300 bp
200 bp
100 bp

Marker

GF

Fat

NC

AdipoR1

GF

Fat

Touchdown-PCR analysis

NC

By touchdown-PCR analysis ADPN receptors expression,
analysed using specific primer pairs for Adipo-R1 and
Adipo-R2, has been detected in cDNA in three murine
gastric fundus. Two bands corresponding to Adipo-R1 and
Adipo-R2 were identified in agarose gel electrophoresis.
The positive controls were derived from inguinal fat pad
cDNA. A typical experiment from a gastric fundus is
shown in Figure 3.

AdipoR2

Figure 3 Expression of adiponectin receptors, Adipo-R1 and Adipo-R2,
in murine gastric fundus. Typical PCR analysis recorded in the same GF
revealed the expression of both AdipoR1 (left hand) and AdipoR2 (right hand)
receptors. Positive controls derived from inguinal fat pad cDNA (Fat) and NC
without cDNA template (water). Marker: 100 bp marker (NEB). GF: Gastric
fundus; NC: Negative control.

CCh (1 μmol/L) induced (n = 18) a contractile response
(mean amplitude 1.1 g ± 0.3 g) that reached a plateau
phase which persisted until washout. Addition of ADPN
(20 nmol/L) to the bath medium caused, in 14 out of the
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DISCUSSION
The results of the present study indicate for the first
time that ADPN is able to influence the motor responses
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in strips from the mouse gastric fundus in which we re
vealed the expression of both Adipo-R1 and Adipo-R2.
Particularly, the ability of ADPN to reduce the amplitude
of the neurally-induced contractile responses, without
affecting the direct muscular response to methacholine,
indicates that the hormone exerts a neuromodulatory
action. Furthermore, the lack of effects of ADPN on
the contraction to methacholine, other than excluding
non-specific effects, demonstrated that muscle re
sponsiveness was not compromised.
It is known that gastric motor responses are the result
of a balance between nervous excitatory and inhibitory
influences on the smooth muscle and that during EFS
both excitatory cholinergic and NANC inhibitory nervous
fibres are activated. Thus, the reduction in amplitude
of the neurally-induced contractile responses by ADPN,
observed in the present experiments, may be ascribable
to either a minor activation of the excitatory component
or to a major nervous inhibitory influence exerted on
the smooth muscle. In this view, NO is considered
the main NANC inhibitory neurotransmitter released
[19,20]
during EFS to cause gastrointestinal relaxation
.
Actually, the increase in amplitude of the EFS-induced
contractile responses by the NO synthesis inhibitor L-NNA
supports the removal of a nitrergic inhibitory nervous
influence. Notably, the observation that ADPN, in the
presence of L-NNA, is no longer able to depress the
amplitude of the neurally-induced excitatory responses
strongly indicates that the nitrergic neurotransmission is
involved in the depressant effects of the hormone. This
is further confirmed by the ability of ADPN to increase
the amplitude of the EFS-induced relaxant responses
(elicited by EFS during the stimulation period) whose
nitrergic nature has been reported in the mouse gastric
[16,21]
fundus
. Actually, NO appears to be a shared target
pathway in the hormonal control of gastrointestinal
[16,21-24]
motility
and thus ADPN effects too may occur, at
least in part, through NO. In this view, the ability of the
hormone to increase NO synthase expression has been
[25,26]
reported in vascular tissues
.
However, in the present study, the observation that
ADPN is also able to cause a TTX-insensitive decay of
the basal tension indicates that the hormone, in addition
to its neuromodulatory effects, exerts a direct muscular
action. Experiments are in progress to better clarify these
direct effects of ADPN on gastric smooth muscle.
From a physiological point of view, the ability of
ADPN to decrease the amplitude of the neurally-induced
contractile responses and to enhance that of the relaxant
ones, coupled to a decay of the basal tension, suggests
that the hormone effects are directed to facilitate gastric
relaxation, so increasing the distension of the gastric
wall and in turn the organ capacity. Thus, it could be
speculated that the effects of ADPN represent a peripheral
satiety signal that might contribute to the anorexigenic
[4,27]
effects of the hormone
. In this view, the importance
of the gastrointestinal tract in controlling food intake is
[28]
well recognized and the ability of signals generated in
this apparatus to influence food intake through the vagal
[29,30]
afferent fibers is well established
. In this regard,
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the presence of ADPN receptors in both mucosal and
muscular vagal afferents in the gastric antrum of mice
[8]
has been reported , suggesting a stomach-vagal-brain
pathway for ADPN to modulate satiety signals. Thus, the
observed effects of ADPN on gastric motor responses
might be regarded as a reinforcing peripheral mechanism
engaged by ADPN to regulate food intake.
In conclusion, the present study demonstrates for
the first time that ADPN, likely involving the NO pathway,
is able to affect the mechanical responses in strips from
the mouse gastric fundus. This may furnish the basis to
better explore the link between the peripheral and the
central effects of ADPN in sending satiety signals and,
[31]
thus, in the regulation of food intake . Interestingly,
clinical evidence of an increased NO production in pa
tients affected by eating disorders, such as anorexia
[32]
nervosa and bulimia nervosa, has been reported .
Thus, even if caution is needed when transferring data
obtained in animal to human, the present results might
represent a contribution to consider ADPN as a potential
candidate for both novel therapeutic strategies in eating
disorders and diagnostic tools.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The adipose-tissue derived hormone adiponectin (ADPN) has been reported
to have a role as a key neuromodulator of food intake. It is known that
gastrointestinal motor phenomena represent a source of peripheral signals
involved in the control of feeding behavior. However, no data are available
concerning on the effects of ADPN on gastrointestinal motility. This novel
information could highlight an additional mechanism engaged by the hormone
in the control of food intake.

Research motivation

The finding that ADPN could influence gastric motility might represent an
initial step to regard the peripheral effects of the hormone as possible signals
involved in the control of food intake. This aspect, that certainly deserves to be
deeper investigated, could lead to consider ADPN as a potential candidate for
both novel therapeutic strategies in eating disorders and diagnostic tools.

Research objectives

The main objective of the present study was to investigate the influence of
ADPN on the mechanical responses and the expression of its receptors in the
mouse gastric fundus.

Research methods

For the mechanical experiments, longitudinal muscle strips from the mouse
gastric fundus were connected to force displacement transducers for continuous
recording of isometric tension. The expression of ADPN receptors in gastric
fundal tissue was revealed by touchdown- polymerase chain reaction (PCR)
analysis.

Research results

The present results highlight that, in the mouse gastric strips, ADPN induces
inhibitory effects by decreasing the amplitude of the neurally-induced contractile
responses, enhancing that of the relaxant ones and causing a decay of the
basal tension. Some of these actions appear to be mediated, at least in part, by
nitric oxide although further studies are needed to better clarify the mechanism
through which the hormone exerts its effects.

Research conclusions

The results of the present study indicate for the first time that ADPN is able
to exert inhibitory effects on the mechanical responses of the mouse gastric
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fundus in which we revealed the expression of ADPN receptors. It could be
hypothesized that the hormone effects may be directed to facilitate muscle
relaxation, so increasing the distension of the gastric wall that represents a
peripheral satiety signal. In this view, the results of the present study may
furnish the basis to better explore the link between peripheral and central
effects of ADPN in the regulation of food intake.

13

14

Research perspectives

The results of the present basic research might furnish a contribution to
consider ADPN as a potential candidate for both novel therapeutic strategies in
eating disorders and diagnostic tools.
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Core tip: Active ingredients of the famous Chinese
medicine Da-Jian-Zhong-Tang (Daikenchuto; DKT),
i.e. , hydroxy α-sanshool and 6-shogaol, induced Ca2+
influxes in intestinal myofibroblast (InMyoFib), which
were antagonized by co-treatment with a selective
transient receptor potential ankyrin 1 (TRPA1) channel
blocker HC-030031. DKT counteracted the transforming
growth factor (TGF)-β1-induced expression of TypeⅠ
collagen, α-smooth muscle actin (α-SMA), and this was
accompanied by a reduction in fibrosis signaling down
stream of the TGF-β1 receptor. Importantly, a 24-h
incubation with another DKT active ingredient of Japanese
Pepper increased mRNA and protein expression in TRPA1,
which in turn negatively regulated collagen synthesis in
InMyoFibs. In stenotic regions of the intestines of patients
with Crohn’s disease, TRPA1 expression was significantly
increased.

Abstract
AIM
To investigate the anti-fibrotic effects of the traditional
oriental herbal medicine Daikenchuto (DKT) associated
with transient receptor potential ankyrin 1 (TRPA1) chan
nels in intestinal myofibroblasts.
METHODS
Inflammatory and fibrotic changes were detected in a
2,4,6-trinitrobenzenesulfonic acid (TNBS) chronic colitis
model of wild-type and TRPA1-knockout (TRPA1-KO)
mice via pathological staining and immunoblotting ana
2+
lysis. Ca imaging experiments examined the effects of
DKT and its components/ingredients on intestinal myo
fibroblast (InMyoFib) cell TRPA1 channel function. Profibrotic factors and transforming growth factor (TGF)β1-associated signaling were tested in an InMyoFib cell
line by qPCR and immunoblotting experiments. Samples
from non-stenotic and stenotic regions of the intestines
of patients with Crohn’s disease (CD) were used for patho
logical analysis.

Hiraishi K, Kurahara LH, Sumiyoshi M, Hu YP, Koga K,
Onitsuka M, Kojima D, Yue L, Takedatsu H, Jian YW, Inoue R.
Daikenchuto (Da-Jian-Zhong-Tang) ameliorates intestinal fibrosis
by activating myofibroblast transient receptor potential ankyrin
1 channel. World J Gastroenterol 2018; 24(35): 4036-4053
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i35/4036.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i35.4036

RESULTS
Chronic treatment with TNBS caused more severe inflam
mation and fibrotic changes in TRPA1-KO than in wild-type
mice. A one-week enema administration of DKT reduced
fibrotic lesions in wild-type but not in TRPA1-KO mice.
The active ingredients of DKT, i.e. , hydroxy α-sanshool
2+
and 6-shogaol, induced Ca influxes in InMyoFib, and this
was antagonized by co-treatment with a selective TRPA1
channel blocker, HC-030031. DKT counteracted TGF-β1induced expression of TypeⅠ collagen and α-smooth
muscle actin (α-SMA), which were accompanied by a
reduction in the phosphorylation of Smad-2 and p38mitogen-activated protein kinase (p38-MAPK) and the
expression of myocardin. Importantly, 24-h incubation
with a DKT active component Japanese Pepper increased
the mRNA and protein expression levels of TRPA1 in
InMyoFibs, which in turn negatively regulated collagen
synthesis. In the stenotic regions of the intestines of CD
patients, TRPA1 expression was significantly enhanced.

INTRODUCTION
Daikenchuto (DKT; Da-Jian-Zhong-Tang in Chinese) is
a traditional herbal medicine, originally described in Jin
Gui Yao Lue (“Essential Prescriptions from the Golden
Cabinet”), a classic book of Chinese medicine published
more than 1800 years ago. DKT is often used for post
operative ileus and constipation, and is composed of
several crude components, Zingiberis rhizoma (Ginger),
Panax ginseng (Ginseng; Ginseng radix), Zanthoxyli
fructus (Japanese pepper), and malt sugar. DKT gene
rally accelerates gastrointestinal motility; it increases
intestinal blood flow and gastrointestinal hormone se
[1-3]
cretion . Numerous basic studies have demonstrated
the effects of DKT on vasodilation, inflammation, and
[4-9]
bacterial translocation . Ginger contains several active
ingredients, such as gingerols and shogaols (6-, 8-,
and 10- isomers), which have anti-inflammatory and
vasoprotective effects via modulating the activities of
mitogen-activated protein kinase (MAPK), protein kinase
[10-12]
B (Akt), and NF-κB
. Japanese pepper contains
hydroxy-α and hydroxy-β-sanshools that alter intestinal
blood flow, motility, and barrier function by inducing the

CONCLUSION
The effects of DKT on the expression and activation of the
TRPA1 channel could be advantageous for suppressing
intestinal fibrosis, and benefit inflammatory bowel disease
treatment.
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synthesis/secretion of adrenomedullin and calcitonin
[1,13]
gene-related peptides
. DKT accelerates the recovery
of gastrointestinal function in patients undergoing an
[14,15]
open colectomy for colon cancer
. However, the
essential pharmacological mechanism(s) underlying
these effects remains largely unclear.
Myofibroblasts are crucial for the pathogenesis of
tissue fibrosis. The formation of stress fibers in activated
myofibroblasts results in the release of a myocardinrelated transcription factor, a transcriptional coactivator
of serum response factor. The major pro-fibrotic factor,
transforming growth factor (TGF)-β, secreted from many
types of cells, induces or augments myofibroblast func
tions, i.e., transformation, proliferation, invasion, migra
[16,17]
tion, stress fiber formation, and collagen synthesis
.
Previously, we used an intestinal myofibroblast (InMyoFib)
cell line, stimulated by TGF-β1, to produce a pathological
[18]
fibrosis model . TGF-β1 treatment induced dramatic
morphological changes in myofibroblasts, including an
enlarged shape and a filamentous microstructure char
[19]
acteristic in transformed cells . The activated TGF-β
receptor 1 (TGFR) complex phosphorylates the tran
scription factors Smad-2 and Smad-3, which in turn
[20]
promote collagen synthesis . TGF-β can also signal
through non-canonical pathways involving extracellular
signal-regulated kinases (ERKs), c-Jun N-terminal
kinases, and p38-MAPK. Both pathways are implicated
in myofibroblast-mediated cytokine production and
[21,22]
fibrosis in the gut
. Levels of TGF-β were found to
be elevated in the inflamed intestines of patients with
Crohn’s disease (CD) and ulcerative colitis. TGF-β1 is
also essential for anti-inflammatory responses. Thus,
there is a caveat against the use of a TGF-β1-neutralizing
strategy for anti-fibrotic treatment in clinical practice,
as TGF-β1-neutralizing antibodies might exacerbate the
progression of CD by attenuating the anti-inflammatory
actions of TGF-β1. Further, abnormal TGF-β signaling was
reported to impair intestinal immune tolerance and tissue
[23]
repair .
There is mounting evidence for the role of transient
receptor potential (TRP) channels in a variety of cellular
[24-27]
remodeling processes
. For instance, TRPA1 is expres
sed not only in peripheral sensory neurons, but also
[7,28]
in intestinal epithelial cells
. The TRPA1 agonist allyl
isothiocyanate (AITC) exhibits anti-fibrogenic effects
in hepatic stellate cells, and another TRPA1 agonist
allicin prevents fibrotic changes in the oral submucosa
[29,30]
and heart
. Our recent study also demonstrated
that TRPA1 mediates the anti-fibrotic effects of steroids
and pirfenidone in the mouse TNBS-colitis model, and
TRPA1 expression is significantly increased in the in
[18]
testinal stenotic regions of CD patients . Moreover,
TRPA1 activity has been ascribed to anti-inflammatory
responses in dextran sulfate sodium-induced chronic
colitis, where TRPA1 regulates the inflammatory potential
[31]
of T cells . A later study based on interleukin knockout
and T-cell-adoptive transfer colitis models suggested that
TRPA1 likely counteracted the transient receptor potential
vanilloid type 1 (TRPV1)-mediated differentiation of
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[32]

CD4 -T cells into Th1-effector cells . Finally, TRPA1
activation by cannabichromene was found to reduce the
severity of dinitrobenzene sulfonic acid (DNBS)-induced
[33]
colitis .
Hydroxy-α-sanshool and 6-shogaol are the active
ingredients of DKT components ginger and Japanese
pepper. Both are capable of activating TRPA1 and
[34,35]
TRPV1 channels
. Activation by DKT of the TRPA1
channel endogenously expressed in intestinal epithelial
cells improves gastrointestinal microcirculation via
[28]
adrenomedullin release , and facilitates intestinal transit
[36]
in a murine model of postoperative ileus .
Currently, surgical operation is the only available op
tion that prevents the fibrotic complications of CD, but
it often only has temporary benefits. It is, therefore,
crucial to develop new alternative treatments for fibrotic
stenosis. Recently, DKT has often been used to mitigate
inflammatory bowel disease (IBD)-associated fibrosis
and the resulting stenosis and strictures, common and
severe complications in CD patients. However, the patho
genesis of CD-related fibrosis and how DKT exerts its
[37]
therapeutic effects are poorly understood .
In this study, we tested whether DKT can activate
myofibroblast TRPA1 channels to reduce TGF-β1-induced
fibrotic events. To this end, we examined the effects
of DKT and its ingredients on TRPA1 channel activity
and the expression of pro-fibrotic factors downstream
of the TGF-β1 signaling pathway. Moreover, surgical
samples from stenotic and non-stenotic regions of the
intestines of patients with CD were used to confirm the
validity of the observations in cell experiments for human
pathogenesis.

MATERIALS AND METHODS
Materials

DKT is an aqueous extract containing processed gin
ger, ginseng (ginseng radix), and Japanese pepper
at a ratio of 5:3:2. The dried powdered extract forms
of DKT (TU-100: without maltose syrup), ginger,
ginseng, and Japanese pepper were obtained from
Tsumura Co. (Tokyo, Japan). These extracted powders
were dissolved in ethanol by sonication and purified
by filtering. Ginsenoside (Wako, Japan), 6-shogaol
(Wako, Japan), hydroxy-α-sanshool (Adipogen Life
Science), AITC, and HC-030031 (Sigma-Aldrich, St
Louis, MO, United States) were also used in this study.
Recombinant human TGF-β1 (Wako) and TypeⅠ col
lagen (IFP, Higashine, Japan) were added to cultured
cells, as indicated by the manufacturer’s instructions.
Human stealth siRNAs for TRPA1: TRPA1HSS113276
(5′-GGAGCAAUUGCUGUUUACUUCUAUU-3′ and
5′-AAUAGAAGUAAACAGCAAUUGCUCC-3′) were obtained
from Invitrogen (Carlsbad, CA, United States) and used
for gene silencing, according to the manufacturer’s
instructions. Other TRPA1-siRNAs, TRPA1HSS113277 and
TRPA1HSS189723, were also evaluated, but the silencing
efficacy was inferior to that of TRPA1HSS113276 for
InMyoFibs. Antibodies against TRPA1 (mouse; Sigma-
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Aldrich), α-SMA (Abcam, Cambridge, MA, United
States), β-actin (Abcam, Cambridge, MA, United
States), CollagenⅠ (Abcam, Cambridge, MA, United
States), Smad-2/3, phospho-Smad-2, and p38-MAPK
(Cell Signaling Technology, Beverly, MA, United States)
were used for immunoblotting and immunostaining ex
periments. An ELISA Kit was used to measure the TypeⅠ
collagen levels in the conditioned medium.

Lambrecht, Pfalz, Germany). The recording electrodes
(patch pipettes), with resistances of 2-4 MΩ, were
fabricated from borosilicate glass capillaries. An AgAgCl wire was used as a grounding electrode. Capacitive
currents were electronically compensated, and the linear
leak and residual capacitance were subtracted. More than
70% of series resistance was compensated to minimize
voltage errors.
Data analysis and illustration were performed offline
using the versatile analysis software programs Clampfit
v.9.2 (Axon Instruments, Foster City, CA, United States)
and KaleidaGraph v.4.0 (Hulinks, Tokyo, Japan). Longterm recordings were performed at a sampling rate
of 100 Hz in conjunction with an A/D, D/A-converter
PowerLab/400 (ADInstruments, Australia) and analyzed
by the accessory software LabChart v.8.1.5. A solenoid
valve-driven fast solution change device similar to the
“Y-tube” system was used to rapidly apply drugs onto
[38]
cells as previously described . The density of the
membrane current (pA/pF) was calculated by norma
lizing its amplitude by the cell capacitance to minimize
cell size-dependent variations. To prevent the quick
2+
2+
Ca -dependent inactivation of TRPA1 currents, a Ca
chelator BAPTA was added to both the bath and pipette
[39]
solutions .
The bath solution contained 140 mmol/L NaCl, 5
mmol/L KCl, 1 mmol/L MgCl2, 5 mmol/L EGTA, 10 mmol/L
HEPES, and 10 mmol/L glucose (pH = 7.4, adjusted
+
with Tris base). K currents were eliminated by including
+
Cs and TEA in the patch pipette solution. Patch pipettes
were filled with 130 mmol/L Cs-aspartate, 10 mmol/L
TEA-Cl, 5 mmol/L BAPTA, 1.374 mmol/L Ca-gluconate, 1
mmol/L MgCl2, 2 mmol/L MgSO4, 2 mmol/L Na2ATP, and
10 mmol/L HEPES (pH = 7.2, adjusted with Tris base).

Trinitrobenzenesulfonic acid chronic colitis model

Chronic TNBS-associated colitis was induced as previously
[18]
reported . TNBS intracolonic administration for mice
(8-9 wk old, n = 8) was achieved after 24-h fasting by
inserting a polyethylene catheter 4 cm into the rectum
under pentobarbital (40 mg/kg injected i.p. with saline)
anesthesia. TNBS solution in 30% ethanol/phosphatebuffered saline (PBS) (10 mg/mL; 50 μL) and sonicated
was weekly injected for six weeks, as illustrated in Figure
1A. The vehicle control group received 30% ethanol/
PBS (50 μL). DKT was administered daily (5 mg/kg/d;
anesthetized by isoflurane) by enema for one week after
the last TNBS treatment. Colonic tissues were excised
from the anus to the caecum at week six after cervical
dislocation. All animal experiments were conducted in
accordance with the guidelines of the Animal Center of
Fukuoka University.

Histological evaluation

The mouse distal colon and patient samples were fixed
in 10% buffered formalin, embedded in paraffin, and cut
into 4-μm-thick sections for routine hematoxylin-eosin
(HE) and Masson’s trichrome (MT) staining. Stained colon
tissues were micro-photographed at 200 × magnification
on six randomly chosen locations of each tissue, and
analyzed by a pathologist (Koga K) in a blinded manner.
For all mice, the fibrosis score was measured at the
tissue located 1 cm from the anus, where the most
obvious fibrosis was observed. The optical density of
the blue-stained collagen fibers was measured and
expressed as a fibrosis score on a scale of 0-3: (0) No fib
rosis wild-type vehicle control mouse; (1) mild fibrosis; (2)
moderate fibrosis; and (3) severe fibrosis as described
[18]
previously .

Measurement of [Ca2+]i
2+

Cell culture

Normal human intestinal myofibroblasts (InMyoFibs)
were purchased from Lonza (CC-2902; Basel, Switzer
land) and grown in smooth muscle basal medium
(SmBM), supplemented with 5% fetal bovine serum
(FBS), antibiotics (gentamicin/amphotericin-B), and
growth factors (insulin, human epidermal growth
factor-β, and human fibroblastic growth factor). InMyo
Fibs were passaged 10-19 times. TGF-β1 (5 ng/mL) was
used under low serum (1% FBS) conditions.

Electrophysiological study

Whole-cell voltage clamp recording was implemented
by an EPC-10 patch-clamp amplifier (HEKA Electronics,

WJG|www.wjgnet.com

2+

The intracellular Ca concentration ([Ca ]i) of myofibro
blasts was monitored using a digital fluorescence im
aging technique with Fura-2. Briefly, InMyoFibs were
enzymatically dispersed and lodged on a poly-L-lysinecoated (Sigma-Aldrich, United States) glass chamber
placed on the stage of an inverted fluorescent micro
scope (DMI600B; Leica, Germany). InMyoFibs cells were
then loaded with 5 μmol/L Fura-2/AM in the dark at
20-25 ℃ for 30 min. The intensities of Fura-2 emissions
at 510 nm (± 10 nm) resulting from excitation at 340
or 380 nm were measured through a fluorescent micro
scope (DMI600B) and a Cascade EMCCD camera (Nippon
Roper, Tokyo, Japan). Data acquisition and analysis were
performed using SlideBook v.4.2 software (Intelligent
Imaging Innovation Inc., Denver, Colorado, United
States). Fluorescence intensities were corrected for
2+
background fluorescence, and changes in [Ca ]i were
defined as the ratio of corrected fluorescence intensities
at 340 and 380 nm excitations (F340/F380). The normal
2+
external solution for Ca -imaging experiments contained
140 mmol/L NaCl, 5 mmol/L KCl, 1 mmol/L CaCl2, 1.2
mmol/L MgCl2, 10 mmol/L HEPES, and 10 mmol/L
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Figure 1 Chronic 2, 4, 6-trinitrobenzenesulfonic acid-induced colitis models of wild-type and transient receptor potential ankyrin 1-knockout mice. Chronic
colitis was induced by weekly intrarectal injection of TNBS for six weeks. Immediately after the final TNBS treatment, a DKT enema was administered daily for one
week. A: schematic presentation of TNBS injection and DKT enema; B: Hematoxylin–eosin (HE)- and Masson's trichrome (MT)-stained tissues from the vehicle
control, TNBS and TNBS + DKT groups of WT and TRPA1-/- mice. TNBS: 2, 4, 6-trinitrobenzenesulfonic acid; WT: Wild-type; TRPA1: Transient receptor potential
ankyrin 1; TRPA1-/-: Transient receptor potential ankyrin 1-knockout; DKT: Daikenchuto; HE: Hematoxylin-eosin; MT: Masson's trichrome.

glucose (pH = 7.4, adjusted with Tris base).

min and permeabilized with 0.3% Triton X-100 in 5%
normal goat serum (Wako). Cells were then incubated
overnight with primary antibodies (1:200 dilution)
against α-SMA at 4 ℃, washed with PBS, and incubated

Immunostaining

InMyoFibs cells were fixed in 4% formaldehyde for 15
WJG|www.wjgnet.com
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with an Alexa Fluor-conjugated secondary antibody (Life
Technologies, Carlsbad, California, United States, 1:200
dilution) for an additional 1 h. Immunostained cells were
analyzed using a Zeiss LSM 710 Confocal Microscope
(Oberkochen, Germany). Images were taken through a
40 × objective lens using the default settings for pinhole
width, laser intensity, and detector gain.

batches of cells under each condition, and pooled data
were averaged and subjected to statistical analyses.
Statistically significant differences among groups were
evaluated by analysis of variance (ANOVA), and Dunnett’s
test was employed for multiple comparisons. p-values <
0.01 or 0.05 were considered statistically significant.

RESULTS

Real-time RT-PCR

Chronic TNBS fibrosis model of TRPA1-KO mice

Total RNA was extracted from InMyoFibs using the
RNeasy RNA Extraction Kit (Qiagen, Venlo, Netherlands).
To quantify mRNA expression levels, real-time PCR was
™
performed using a BioMark HD System (Fluidigm,
South San Francisco, CA, United States). Thermocycling
was performed using an initial denaturation at a hot
start phase of 60 s at 95 ℃. This was followed by 35
cycles of 5 s at 96 ℃ and 20 s at 60 ℃. The following
TaqMan ® Gene Expression Assay kits from Life
Technologies were used for real-time PCR reactions:
acta2 (α-SMA; Hs00426835_g1), myocd (myocardin;
Hs00538071_m1), and col1a1 (Hs00164004_m1).

To better visualize the time course of chronic colitis, we
adopted the TNBS-induced colitis model, as it is known
to allow a more moderate and slower progression of gut
inflammation and fibrosis in mice than the other colitis
models.
At the sixth week of TNBS treatment, TRPA1-KO
mice showed more severe signs of inflammation/fib
rosis than did wild-type mice, where prominent cell
infiltration occurred in some mucosal and submucosal
layers. The co-administration of DKT reduced these
pathological changes in wild-type (WT), but not in
TRPA1-KO mice (Figure 1B). Concomitantly, the TypeⅠ
collagen protein expression and fibrosis score, which
were remarkably enhanced and aggravated by TNBS
treatment, respectively, were significantly reduced in
WT but not in TRPA1-KO mice (Figures 1B, 2A and B).
Double immunostaining experiments indicated a high
co-incidence of immunoreactivities against TRPA1 and
heat shock protein (HSP) 47, an endoplasmic reticulumresident molecule essential for correct procollagen
[18]
folding . The number of TRPA1/HSP47-double-positive
cells per unit area greatly increased in the TNBS-treated
groups compared to in the vehicle control group (Figure
2C).

Immunoblotting analysis

Immunoblotting experiments were performed to exa
mine the protein levels of TypeⅠ collagen, α-SMA,
β-actin, Smad-2/3, phospho-Smad-2, and p38-MAPK in
[19]
InMyoFibs, as described previously . Total cell lysates
were homogenized in radioimmunoprecipitation assay
buffer with protease inhibitors, and prepared in a sample
buffer and diluted in 5% (v/v) 2-mercaptoethanol and 1%
(w/v) bromophenol blue prior to electrophoresis. Proteins
were resolved using 10% (w/v) sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE), and
transferred to polyvinyldifluoridine (PVDF) membranes.
The membranes were blocked with Blocking One (Nacalai
Tesque, Kyoto, Japan) and incubated overnight (at 4 ℃)
with the appropriate primary antibodies. The protein
levels were detected by incubating the PVDF membranes
with appropriate species-specific, horseradish peroxidaseconjugated secondary antibodies (20-25 ℃, 45 min),
and visualized using the ECL Western Blotting Detection
System (GE Healthcare, Little Chalfont, United Kingdom).

DKT activates TRPA1 channel and antagonizes fibrotic
changes in InMyoFibs

We next examined the ability of DKT to induce TRPA1
activity in InMyoFib. The workflow for ethanol extraction
of crude components from DKT, i.e., ginger, ginseng
radix, and Japanese pepper, are shown in Figure 3A. In
the whole-cell mode of patch-clamp recording (holding
potential: -60 mV), a potent TRPA1 agonist, AITC (10
μmol/L), induced a robust non-selective cation current.
This current was strongly inhibited by a TRPA1-selective
antagonist, HC-030031 (10 μmol/L) (Figure 3B). The
same concentration of AITC also evoked a prominent
2+
rise in [Ca ]i, which was completely inhibited by the
[18]
application of HC-030031 (10 μmol/L) . A similar2+
magnitude rise in HC-030031-sensitive [Ca ]i was also
induced by DKT (0.1% EtOH extract) (Figure 3C). These
results suggest that InMyoFibs express functional TRPA1
2+
channels with Ca permeability, which can be activated
by DKT.
We then examined how DKT affects the fibrotic chan
ges induced by TGF-β1 treatment. As shown in Figure
3D, the 24-h treatment of InMyoFibs with 5 ng/mL
TGF-β1 facilitated stress fiber formation and protein

Patient samples

We obtained surgical samples from three male CD pa
tients with colonic lesions with a median age of 47 years
(range: 40-51 years) and a median history of CD 22
years (range: 15-26 years). All patients had suffered,
in addition to coexisting stenosis, an intra-abdominal or
perianal fistula and/or abscess, during the course of the
disease. All patients received an anti-TNF agent. The
Fukuoka University Hospital Ethics Committee approved
the protocol, and written informed consent was obtained
from all patients.

Statistical analysis

Results are expressed as means ± SEM. Experimental
protocols were repeated with at least four different
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Figure 2 Fibrotic changes in wild-type and transient receptor potential ankyrin 1-knockout CRISPR mice treated with 2, 4, 6-trinitrobenzenesulfonic acid
and/or Daikenchuto. A: Type Ⅰ collagen expression was examined by western blotting. The ratio of changes in each experimental condition is shown in the middle
lower-left graph. aP < 0.01 vs vehicle control, bP < 0.01 vs TNBS (n = 6); B: Fibrosis scores based on histological examination ranging from 0 (no fibrosis) to 3 (severe
fibrosis) are shown as the dot-plot graph. The leftmost circles (n = 8) show absolutely zero values. Values are the means ± SD; C: Co-localization of TRPA1 and
HSP47 proteins in the mouse intestine. WT vehicle control, WT TNBS: Immunostaining images of mouse intestine stained with anti-TRPA1 (red) antibody, anti-HSP47
(green), and DAPI (blue). Cell number per 10 mm2 is summarized in right graph, aP < 0.05 vs vehicle control (n = 6). TNBS: 2, 4, 6-trinitrobenzenesulfonic acid; WT:
Wild-type; HSP47: Heat shock protein 47; TRPA1: Transient receptor potential ankyrin 1; DAPI: 4',6-diamidino-2-phenylindole.

expression of α-SMA, which was effectively suppressed
by co-treatment with 0.1% EtOH extract of DKT. Con
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comitantly, the 24-h treatment of InMyoFibs with 5
ng/mL TGF-β1 enhanced the mRNA expression levels
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of the master transcription regulator MYOCD, α-SMA
(ACTA2), collagen TypeⅠ alpha 1 (COL1A1), and TypeⅠ
collagen released in the culture medium. DKT (0.01%,
0.1% EtOH extract) effectively suppressed these mRNA
upregulations in a dose-dependent manner (Figure
3E-G). In addition, DKT (0.001%, 0.01%, 0.1% EtOH
extract) did not affect the mRNA levels of COL1A1 in
the absence of TGF-β1 stimulation, but 100 μg/mL DKT
suppressed Type III collagen gene (COL3A1) expression,
irrespective of TGF-β1 treatment (data not shown).

TRPA1 expression in InMyoFibs. As shown in Figure 6A,
24-h incubation with DKT dose-dependently increased
TRPA1 mRNA expression in InMyoFibs. The TRPA1upregulating effects were also observed for the DKT
components Japanese pepper and ginseng radix, but not
ginger, and this was particularly prominent when TGF-β1
coexisted (Figure 6B). Notably, treatment with TNFα
or TGF-β1 themselves enhanced TRPA1 expression in
InMyoFibs: when treated with both, they seemingly acted
additively or synergistically (Figure 6C). In parallel to the
upregulation of TRPA1 expression, the key downstream
events of TGF-β1 signaling, phosphorylations of Smad-2
and p38-MAPK, were also dose-dependently inhibited by
the presence of DKT (Figure 6D).

Active components and ingredients of DKT activate
TRPA1 and show anti-fibrotic effects

We next examined the efficacies of the active com
ponents and ingredients contained in DKT. Among the
three active components of DKT (ginger, ginseng, Japa
nese pepper), ginger was the most effective, showing a
similar efficacy to DKT (Figure 4A). In contrast, Japanese
2+
pepper was less efficacious at activating Ca influx,
and ginseng had almost no effect (Figure 4C and 4E,
2+
respectively). The Ca mobilizing effects of ginger and
Japanese pepper were almost completely antagonized
by the prior application of a selective TRPA1 channel blo
cker HC-030031, suggesting the involvement of TRPA1
activation (Figure 4A and C). The active ingredients of
the respective DKT components were further examined
2+
by the same Ca -imaging protocol as used above. The ac
tive ingredient of ginger, 6-shogaol (100 μmol/L), induced a
2+
comparable Ca influx to that of AITC (10 μmol/L), while
that of Japanese pepper, hydroxy α-sanshool (1 μmol/L),
induced a much milder influx. The active ingredient of
ginseng radix, ginsenoside Rb1, was virtually ineffective
(Figure 4B, D and F).
We then explored the inhibitory effects of ginger and
Japanese pepper on the fibrotic changes induced by
24-h treatment with 5 ng/mL TGF-β1. Co-treatment with
ginger or Japanese pepper significantly suppressed TGFβ1-induced stress (α-SMA) fiber formation in InMyoFibs
(Figure 4G). In accord with these immunostaining re
sults, ginger, Japanese pepper, and AITC all significantly
inhibited the TGF-β1-induced mRNA transcriptions of
α-SMA (ACTA2) and TypeⅠ collagen (COL1A1) (Figure
5A and 5B).
The active ingredient of ginger, 6-shogaol, and that of
Japanese pepper, hydroxy α-sanshool, also significantly
suppressed the TGF-β1-induced increase in COL1A1
mRNA expression, with a similar efficacy to that of AITC
(Figure 5B, C and F). The 6-shogaol dose-dependently
suppressed the Smad-2 phosphorylation and α-SMA
mRNA expression (ACTA2) induced by TGF-β1 (Figure
5D and F). Although ineffective at evoking a rise in
2+
TRPA1-mediated [Ca ]i, ginsenoside inhibited the TGFβ1-induced increase in COL1A1 mRNA expression.

TRPA1 is a negative feedback regulator of collagen
synthesis/secretion

We previously found that extracellular applied collagen
downregulated many pro-fibrotic gene transcripts in
volved in TGF-β signaling in InMyoFibs, including CDH2,
[19]
ACTA2, and COL1A1 . We therefore examined whether
a major extracellular matrix collagen also regulated
TRPA1 expression. When TypeⅠ collagen was added
into the culture medium, the expression of TRPA1 was
enhanced more than two-fold, resulting in the decreased
endogenous production of collagen (Figure 7A and B).
Concomitantly, the expression levels of COL1A1, ACTA2,
and CDH2 mRNAs in InMyoFibs were downregulated
by extracellular applied TypeⅠ collagen, regardless of
the presence of TGF-β1. Moreover, extracellular applied
collagen caused a significant decrease in TGF-β1induced MYOCD expression (Figure 7B-D). Strikingly,
following siRNA knockdown of TRPA1 expression,
[18]
which exacerbated the fibrogenic effects of TGF-β1 ,
extracellular applied collagen was no longer effective
in suppressing the mRNA expression of fibrotic factors
COL1A1, MYOCD, and ACTA2 (Figure 7E). Taken toge
ther, these results indicate that TRPA1 activity may
be commonly involved in anti-fibrotic processes in
InMyoFibs, which are activated by DKT and extracellular
applied collagen.

Enhanced TRPA1 expression in stenotic tissues of CD
patients

Because intestinal stricture formation in CD is driven
by a local excessive accumulation of myofibroblasts,
we examined whether TRPA1 is upregulated in highly
fibrotic areas of human CD patients. Surgical samples
obtained from the patient’s intestines were subjected to
histological examination and immunostaining. HE and MT
staining revealed a much denser deposition of collagen
fibers in the mucosal layer of the fibrotic stenotic areas
than those of the non-stenotic areas. Moreover, TRPA1
immunoreactivity detected by diaminobenzidine (DAB)
staining was more diffusely distributed in the mucosal
and submucosal layers of the stenotic regions in the
intestines of CD patients (Figure 8).

DKT upregulates TRPA1 channel expression

In another series of experiments, we found that in ad
dition to activating TRPA1 channels, DKT also enhanced
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[40]

bloating, and cold sensation . Several clinical metaanalyses have shown, for instance, that the perioperative
administration of DKT effectively relieves the symptoms
of post-operative ileus in patients undergoing gastro
[41]
intestinal cancer surgery . These beneficial effects
of DKT are in part ascribed to its multiple actions th

DISCUSSION
Daikenchuto (DKT), a traditional oriental herbal medicine,
is widely used for the treatment of gastrointestinal
disorders. DKT is known to improve post-operative compli
cations and is frequently prescribed for ileus, abdominal
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rough differential pharmacokinetics of respective DKT
compounds on a number of ion channels (TRPA1,
TRPV1, two-pore-domain KCNK channels) distributed

WJG|www.wjgnet.com

throughout the enteric/myenteric and sensory nerves
and intestinal epithelial cells. The activation or inhibition
of these channels are thought to cause the release of
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the therapeutic potential of the myofibroblast TRPA1
[18]
channel against it have not yet been addressed .
In this respect, the present study has provided se
veral novel findings. First, our TNBS colitis model with
the comparative use of wild-type and TRPA1-KO mice
successfully demonstrated the anti-fibrotic actions of DKT
via TRPA1 channel activation (Figure 1).
Specifically, the fibrosis score exacerbated by TNBS

two vasoactive/anti-inflammatory peptides, CGRP and
adrenomeduline, or enhance the excitability of smooth
muscle and neurons in the intestine, which improve
intestinal microcirculation and motility, and induce anti[40]
inflammatory responses . However, although a few
studies using chronic inflammation models have already
[3,42,43]
reported the anti-fibrotic effects of DKT
, the critical
involvement of intestinal myoblasts in fibrogenesis and

WJG|www.wjgnet.com

4047

September 21, 2018|Volume 24|Issue 35|

Hiraishi K et al . Daikenchuto suppresses fibrosis via TRPA1 activation

A
0

0.1 μg/mL

TRPA1
Type Ⅰ COL

2.5

Type Ⅰ collagen in medium

a

2.0

1 μg/mL
Ratio

TRPA1
Type Ⅰ COL

a

1.5
1.0

a

0.5

β-actin

col1a1
3.0

ab

trpa1

a

mRNA expression

2.5

C

10

a

2.0
a

1.5

ab

1.0

-

   +

     -

       +

TGF-β1

-

         -

     +

        +

2

6
4
2

b

a

0
Type Ⅰ COL

-

   +

   -

       +

TGF-β1

-

         -

  +

        +

1
CO
L

a

   +

   -

       +

TGF-β1

-

         -

  +

        +

col1a1
1.2

a

8

0.

4

-

Relative expression

Relative expression

acta 2

ab

0
Type Ⅰ COL

E
10

a

6

0.5

0.0
Type Ⅰ COL

D

myocd

8

myocd/18SrRNA

B

CO
L

Co
nt
ro

l

1

0.0

myocd

acta2

1.0
0.8
0.6
0.4
0.2

0.0
Type Ⅰ COL

0

1 μg/mL

TRPA1si-treated cells

Figure 7 Extracellular collagen upregulates transient receptor potential ankyrin 1 expression to exert anti-fibrotic effects. A: Type Ⅰ collagen solution (0, 0.1,
or 1 μg/mL) was added into the culture medium, and immunoblotting was performed to detect TRPA1 and Type Ⅰ collagen expression in InMyoFibs. The rightmost
graph shows the summary (n = 4) B-E: Relative expression levels (shown as the post/pre ratio) of col1a1, trpa1, myocd, and acta2 mRNAs quantified by RT-PCR in
Type Ⅰcollagen- or TGF-β1-treated InMyoFibs. In E, InMyoFibs were pre-treated with TRPA1 siRNA. aP < 0.05 vs control cells; bP < 0.05 vs TGF-β1-treated cells (n =
4). TRPA1: Transient receptor potential ankyrin 1; InMyoFibs: Intestinal myofibroblasts; TGF-β1: Transforming growth factor-β1.

these findings, histological and immunohistochemical
examinations of human intestinal samples showed that
myofibroblasts expressing TRPA1, as well as the fibrosis
biomarker HSP47, were coincidentally accumulated in the
[18]
stenosis areas of CD patients (Figure 8) , as observed
in the mice TNBS-colitis model (Figure 2C).
Taken together, these findings can be interpreted to
indicate that in chronically inflamed intestines, TRPA1
channel may be antagonistically upregulated in both
expression and activity against the growing fibrogenic
drive, which could further be potentiated by TRPA1stimulating actions of DKT. As we discussed in a recent
[18]
paper , this view could be extended to various tissues
and organs undergoing chronic inflammation where
therapeutic activation TRPA1 channels in situ may work
beneficially to decelerate locally enhanced fibrogenic
processes. In fact, there are several lines of evidence
that TRPA1 channels in both neuronal and non-neuronal

treatment was significantly improved by enema admini
stration of DKT during the chronic phase of inflammation
(i.e., at five weeks after TNBS), which was abrogated
[18]
by the deletion of the trpa1 gene (Figure 2) . Second,
our in vitro experiments with a human myofibroblast
cell line clearly indicated that myofibroblast TRPA1 chan
nel activation is a requisite for the downregulation of
fibrotic factors/activities by DKT. Additionally, among its
components, ginger and Japanese pepper, both being
able to activate the TRPA1 channel in the expression
system, showed comparable anti-fibrotic effects. Further
investigation of active DKT ingredients suggested that
6-shogaol is likely the most effective ingredient, and
that hydroxy α-sanshool may also mediate some part
of DKT’s anti-fibrotic actions (Figures 3-5). Intriguingly,
DKT has an additional action of enhancing TRPA1 ex
pression per se, which appears to be exerted by its
Japanese pepper component. Finally, in support of
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Figure 8 Hematoxylin-eosin, Masson’s trichrome staining. TRPA1-DAB, and HSP47-DAB-stained non-stenosis/stenosis surgical tissue from the transverse colon
of a CD patient. TRPA1: Transient receptor potential ankyrin 1; DAB: Diaminobenzidine; HSP47: Heat shock protein 47; CD: Crohn’s disease.

been reported that cell contact with collagen reduces
cadherin expression, which in turn eliminates the me
[46]
chanotransduction between fibroblasts ; therefore,
extracellular collagen might modulate the expression of
cadherin and the dynamics of cytoskeleton stress fiber
formation via an as-yet-unknown membrane sensor(s),
which is crucial for the modulation of fibrogenesis signa
ling. In our study, extracellular collagen application
downregulated the expression levels of intrinsic collagen,

cells modulate local tissue inflammation accompanying
fibrotic changes, as exemplified by the animal models of
acute pulmonary inflammation induced by acrolein and
cigarette smoke, experimental colitis, or carrageenan[7,44,45]
induced paw edema
.
In addition to the above findings, we also found that
extracellular applied collagen can induce the expression
of TRPA1, with downregulation of the mRNAs of fibrotic
factors MYOCD, COL1A1, and ACTA2 (Figure 9). It has
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currently available anti-inflammatory approaches. In
this respect, the present finding, that the activation of
myofibroblast TRPA1 attenuates intestinal fibrosis, may
provide great therapeutic benefits, and could presumably
be generalized to other fibrotic lesions such as those in
the skin, lungs, and liver, where several TRP channels,
including TRPA1, are highly expressed.
Finally, we should point out several limitations of this
study. First, the method adopted in this study (i.e., TNBS
treatment) could not create a severe fibrotic stenosis
model, which only allowed us to see rather mild fibrotic
changes. Second, all biopsy samples were obtained from
IBD patients but not from healthy donors. If this had
been done, the results of this study might clinically be
more attractive. Third, other Chinese medicines that are
potentially capable of activating TRPA1 channel were not
tested in this study. This would somewhat compromise
the first priority of DKT for anti-fibrotic treatment. In
addition, DKT used in this study was obtained from a
single source (i.e., Tsumura Co.); therefore, the pos
sibility cannot be entirely excluded that the observed
effects in this study might differ in details from those
obtained with the same drug of a different origin.
In summary, the present study revealed a new role
for myofibroblast TRPA1 channels in intestinal fibrosis, i.e.,
its negative regulation, and showed that DKT upregulates
this channel protein in both activity and expression to
exert its anti-fibrotic actions. These findings not only
provide a novel molecular target for the anti-fibrotic
therapy of IBDs in the future, but also a framework to
reinterpret the unique theories of traditional Oriental
medicine.

[6]-shogaol
Hydroxyl-α-san
shoo

l

TGF-β1

TRPA1

P p38

P

Smad-2/3
Myocardin

DK
T

rel
ate
d

TF

P Smad-2/3
Phosphorylation

?

COL1A1,
ACTA2
TRPA1

Intestinal myofibroblast

Figure 9 Graphical abstract.

α-SMA, and myocardin, but these changes were not
observed in TRPA1-siRNA-treated InMyoFibs. These data
strongly support the idea that TRPA1 channel activity
is negatively correlated with the collagen synthesis of
intestinal myofibroblasts. In the context of the present
study, this would again represent another type of TRPA1mediated negative feedback regulation that resists
against a heightening fibrogenic potential.
In a few clinical studies, TGF-β1 mRNA levels were
found elevated in the affected intestinal mucosa from
the patients with CD and ulcerative colitis, particularly
in the regions confined to the lamina propria where
immune cells, as well as myofibroblasts, preferentially
[23]
reside . Combining this fact with our own finding from
human surgical samples (i.e., the co-accumulation of
TRPA1-/HSP47-double positive myofibroblasts in the
stenotic regions), it seems plausible to assume that in an
interwoven network of TGF-β-mediated signaling, TRPA1
in myofibroblasts may operate as a crucial anti-fibrotic
negative feedback to lower the pathologically increased
fibrogenic potential. Thus, targeting the myofibroblast
TRPA1 signaling axis could be a tenable therapeutic
strategy to reinforce the anti-fibrotic potential in chronic
fibrotic diseases such as CD.
The higher prevalence of fibrosis in CD is thought
to be the complex consequences of transmural bowel
inflammation that exposes all mesenchymal cells pro
[47]
ducing extracellular matrix to fibrotic mediators .
Therefore, anti-TNF (i.e., anti-inflammatory) treatment
is generally recommended as the first-line therapy
for CD patients with poor prognoses who have severe
[48]
complications or bowel damages . However, anti-TNF
treatment has an increased risk of worsening stenotic
[49]
fibrosis , and stenotic lesions can be present in variable
pathological states, such as inflammatory, fibrogenic, and
neoplastic, or a combination of these states. Therefore,
a therapeutic strategy that can distinguish between
these different states might be more desirable than the
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Research background

Daikenchuto (DKT) is a traditional oriental herbal medicine, widely used to
mitigate post-operative ileus and constipation. The mechanism of its actions
remains less understood, in particular regarding its molecular target(s).
However, an important hint to addressing this issue has come from our previous
findings that the transient receptor potential ankyrin 1 (TRPA1) is highly
expressed in intestinal myofibroblasts and mediates the antifibrotic effects of
steroid and pirfenidone.

Research motivation

We hypothesized that DKT may activate TRPA1 channels in myofibroblasts
to directly counteract the fibrotic changes of inflamed intestines. Although
DKT has been shown to be beneficial for gut motility, intestinal blood flow and
gastrointestinal hormone secretion, its anti-fibrotic actions through TRPA1
channel activation will be an entirely new finding and of considerable clinical
significance.

Research objectives

We aimed at investigating at both in vitro and in vivo levels whether DKT targets
TRPA1 channels expressed in intestinal myofibroblasts to exert its anti-fibrotic
actions. The results would not only disclose a novel molecular target of antifibrotic therapy for inflammatory bowel diseases such as Crohn’s disease (CD)
and ulcerative colitis, but also promote our general understanding about the
complex actions of herbal medicines.

Research methods

A trinitrobenzene sulfonic acid (TNBS) chronic colitis model was established
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in both wild-type and TRPA1 knock out mice, in which the impact of DKT
administration were evaluated by pathological and biochemical analyses. An
intestinal myofibroblast cell line (InMyoFibs) stimulated by transforming growth
factor-β1 (TGF-β1) was used as a cellular model of intestinal fibrosis, where
expression of TRPA1 and pro-fibrotic factors and related intracellular signaling
(in particular TGF-β-mediated one) were examined in detail. The counteracting
effects of DKT on these changes were also evaluated. Biopsy samples from
non-stenotic and stenotic regions of CD patient’s intestines were subjected to
histological examination and immunoblot analysis with particular respect to the
altered expression pattern of TRPA1 channel and fibrotic factors. As compared
with preceding works on a similar topic, the methodological approach applied to
this study is more comprehensive covering a broad range of DKT’s actions that
include cellular and animal models and human patients.
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Research results
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In TNBS chronic colitis model mice, the extents of inflammation and fibrotic
changes were more prominent in TRPA1-/- knockout than in wild-type mice.
One-week enema administration of DKT suppressed fibrotic lesions in wildtype mice, but not in TRPA1 knockout mice. Active ingredients of DKT, induced
Ca2+ influxes in InMyoFib, which were antagonized by TRPA1 channel blocker
HC-030031. DKT counteracted TGF-β1-induced expression of Type 1 collagen,
α-SMA, and this was accompanied by attenuated fibrosis-associated signaling.
A DKT’s active ingredient Japanese Pepper increased the mRNA and protein
expressions of TRPA1, which in turn negatively regulated collagen synthesis
in InMyoFibs. In stenotic regions of CD patient’s intestines, TRPA1 expression
was significantly increased. However, several limitations remain in this study
that may compromise the value and relevance of this study, which include the
inability of TNBS to create a severe phenotype of chronic colitis, the lack of
control data from human healthy donors, and no comparative data from other
Chinese (herbal) medicines that may have similar actions.
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Research conclusions
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DKT-induced expression and activation of TRPA1 could be important
mechanisms for suppressing intestinal fibrosis, which would in part account for
the reported beneficial actions of DKT on inflamed intestines. Thus, targeting
myofibroblast TRPA1 may serve as a new and promising therapeutic strategy
for fibrotic stenotic changes occurring in incurable chronic inflammatory bowel
diseases such as CD and ulcerative colitis.
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Abstract
AIM
To investigate the incidence and risk factors of porto
splenomesenteric vein thrombosis (PSMVT) in the early
stage of severe acute pancreatitis (SAP).

Informed consent statement: all involved persons gave their
informed consent (written or verbal) prior to study inclusion.
Conflict-of-interest statement: The authors declare that they
have no conflict of interest.

METHODS
Patients with SAP in a tertiary care setting from January
2014 to December 2016 were retrospectively reviewed.

STROBE statement: The authors have read the STROBE
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All contrast-enhanced computed tomography (CT) stu
dies were reassessed and reviewed. Clinical outcome
measures were compared between SAP patients with
and without PSMVT in the early stage of the disease.
Univariate and multivariate logistic regression analyses
were sequentially performed to assess potential risk
factors for the development of PSMVT in SAP patients.
A receiver operating characteristic (ROC) curve was
generated for the qualifying independent risk factors.

INTRODUCTION
Portosplenomesenteric vein thrombosis (PSMVT) involves
the portal vein (PV), splenic vein and superior mesenteric
vein (SMV), either separately or in combination. In
most cases, PSMVT does not cause any additional
symptoms, but may sometimes generate localized
portal hypertension, leading to gastrointestinal and
intra-abdominal hemorrhage, ascites, splenomegaly,
[1,2]
and splenic infarction, among other problems . The
previous studies reported that PSMVT mostly occurs late
[3-5]
during acute pancreatitis (AP) , and is usually detected
incidentally on radiological imaging performed to evaluate
[6]
the severity of AP .
Until now, the detailed natural history of PSMVT has
remained unknown, and the pathogenesis underlying
PSMVT in patients with AP has remained unclear and
may involve many clinical factors. There is little data
regarding the risk factors for this complication in the early
stage of AP. The results about the risk factors of PSMVT
[3,5,7-10]
in AP patients vary among studies
. Therefore, in
this study, we analyzed the data to explore the incidence
of PSMVT in the early stage of severe AP (SAP), the risk
factors for the development of PSMVT, and the clinical
outcomes of PSMVT.

RESULTS
Twenty-five of the one hundred and forty (17.86%)
SAP patients developed PSMVT 6.19 ± 2.43 d after
acute pancreatitis (AP) onset. PSMVT was confirmed
by contrast-enhanced CT. Multivariate stepwise logistic
regression analyses showed that Balthazar’s CT severity
index (CTSI) scores [odds ratio (OR): 2.742; 95%
confidence interval (CI): 1.664-4.519; P = 0.000], hypo
albuminemia (serum albumin level < 25 g/L) (OR: 32.573;
95%CI: 2.711-391.353; P = 0.006) and gastrointestinal
wall thickening (OR: 4.367, 95%CI: 1.218-15.658; P
= 0.024) were independent risk factors for PSMVT
developed in patients with SAP. The area under the ROC
curve for Balthazar’s CTSI scores was 0.777 (P = 0.000),
the sensitivity was 52%, and the specificity was 93% at a
cut-off value of 5.5.
CONCLUSION
High Balthazar’s CTSI scores, hypoalbuminemia and
gastrointestinal wall thickening are independent risk
factors for PSMVT developed in the early stage of SAP.

MATERIALS AND METHODS
Patients

Consecutive adult patients (age ≥ 18 years old) with
SAP who were admitted to the First Affiliated Hospital
of Nanchang University between January 2014 and
December 2016 were enrolled in this study. Exclusion
criteria include the following: (1) Admission > 6 d
after AP onset; (2) history of AP, chronic pancreatitis,
pancreatic malignancy or cysts; (3) no contrast-en
hanced CT examination ≤ 10 d after AP onset; (4)
pregnancy; and (5) cirrhosis or coagulopathy disorder
diseases or other systemic tumors.

Key words: Vascular complication; Portosplenomesenteric
vein thrombosis; Severe acute pancreatitis; Early stage;
Risk factors; Contrast-enhanced computed tomography
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Studies on portosplenomesenteric vein throm
bosis (PSMVT) occurring in the early stage of acute
pancreatitis (AP) were rare. We found that 17.86% of
severe AP patients developed PSMVT 6.19 d after AP
onset. High Balthazar’s computed tomography severity
index (CTSI) scores, hypoalbuminemia and gastrointes
tinal wall thickening are independent risk factors for the
development of PSMVT, and Balthazar’s CTSI scores can
predict the occurrence of PSMVT with a high degree of
specificity which indicated that a low Balthazar’s CTSI
score could be a good indicator that PSMVT would not
occur.

Data collection

The following data were collected: (1) General charac
teristics, including age, gender, etiology of AP, modified
Marshall score, systemic inflammatory response synd
rome score, acute physiology and chronic health eva
luation Ⅱ score, and Balthazar’s computer tomography
[11]
severity index (CTSI)
at admission; (2) clinical out
comes, including microbiological outcomes, ascites, and
intra-abdominal pressure measured with a catheter
[12]
inserted into the bladder according to the guidelines ,
complications including gastrointestinal hemorrhage,
intra-abdominal hemorrhage, multiple organ dysfunction
syndrome, and infected pancreatic necrosis, and clinical
treatments including minimally invasive and surgical
interventions and hospital and intensive care unit lengths
of stay and mortality; and (3) laboratory markers,

Ding L, Deng F, Yu C, He WH, Xia L, Zhou M, Huang X,
Lei YP, Zhou XJ, Zhu Y, Lu NH. Portosplenomesenteric vein
thrombosis in patients with early-stage severe acute pancreatitis.
World J Gastroenterol 2018; 24(35): 4054-4060 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i35/4054.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i35.4054
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than 48 h . Extrapancreatic necrosis alone was defined
as extrapancreatic morphological changes exceeding
fat stranding with complete enhancement of the
pancreatic parenchyma without signs of focal or diffuse
nonenhancement that could be determined on contrast[13]
enhanced CT images . Pancreatic parenchymal necrosis
was defined as focal or diffuse nonenhancement of the
pancreatic gland. When pancreatic necrosis was present,
its location (head, neck, body, tail) and amount (< 30%,
30%-50%, > 50%) were noted. Acute peripancreatic
fluid collections (APFCs) were defined as peripancreatic
fluid collections with homogeneous liquefied components
and without well-defined walls. The anatomical locations
of APFCs included the anterior and posterior renal
spaces, perirenal space, great and lesser omentum,
paracolic sulci, mesenteric root, and transverse
mesocolon. APFCs were recorded when the diameter
was > 1 cm. Gastrointestinal wall thickening was defined
as the thickening and edema of the gastrointestinal wall,
with wall thickness greater than 4 mm, and as robust
enhancement of the mucosa with reduced enhancement
[13,14]
of the submucosa
.

AP (n = 2309)
Modified Atlanta Criteria of AP
SAP (n = 307)

Enrolled SAP
(n = 140)

Exculded (n = 167):
-Admission > 6 d
after AP onset (n = 48)
-History of AP,
chronic pancreatitis,
pancreatic malignacy
or cysts (n = 32)
-No contrast enhanced CT
examination ≤ 10 d
after AP onset (n = 77)
-Pergnancy (n = 8)
-With cirrhosis (n = 2)

Non-PSMVT
(n = 115)

PSMVT
(n = 25)

Figure 1 Flow chart of patients with or without portosplenomesenteric
vein thrombosis secondary to severe acute pancreatitis in the early
stage. AP: Acute pancreatitis; SAP: Severe acute pancreatitis; CT: Computed
tomography; PSMVT: Portosplenomesenteric vein thrombosis.

including hypoalbuminemia (serum albumin level < 25
g/L), hematocrit, cholesterol, triglycerides, inflammation
markers including leucocytes, C-reactive protein and
procalcitonin, coagulation tests including platelets,
prothrombin time, activated partial thromboplastin
time, fibrinogen and D-dimer during the 24 h following
admission. Anticoagulation therapy was not included in
the manage protocol of PSMVT at early stage (within 10
d after AP onset).

Statistical analysis

Continuous variables are described as the mean ± SD,
and categorical variables are described as the absolute
numbers and percentages. Continuous variables were
compared using t-tests, and categorical data were
analyzed with the chi-squared test. Variables found
to be statistically significant in the univariate logistic
regression analysis were introduced into a multivariate
logistic analytic model (stepwise regression) to identify
independent risk factors with odds ratios (ORs) and
95% confidence intervals (CIs). Furthermore, receiver
operating characteristic (ROC) curves were generated for
each of the qualified independent risk factors. A p-value
< 0.05 was considered statistically significant. Data
were analyzed using SPSS software (v17.0; SPSS Inc.,
Chicago, IL, United States).

Imaging protocols

All contrast-enhanced CT studies were reassessed and
reviewed by a radiologist who specialized in abdominal
imaging and was blinded to the clinical data. Contrastenhanced CT was generally performed approximately
3-10 d after AP onset, with an average of 7 d. Thus,
PSMVT, which occurred within 10 d after AP onset, was
detected. All contrast-enhanced CT examinations were
performed using a 64-channel multidetector CT scanner
(Somatom Definition AS+, Siemens Medical Systems,
Erlangen, Germany). After noncontrast scans were
obtained, 1.3 mL/kg iopromide (Ultravist 370; Bayer
Schering Pharma, Berlin, Germany) was intravenously
injected at a rate of 3 mL/s with a high-pressure injector.
Then, contrasted arterial and portal phase scans were
obtained when the attenuation of the aorta at the
thoracolumbar junction had reached 180 HU with a
fixed 60 s delay. The scanned area extended from the
diaphragmatic domes to the pubic symphysis.

RESULTS
As shown in the flow chart in Figure 1, 140 eligible
patients were enrolled in this study. Twenty-five patients
developed PSMVT (17.86%), and all the PSMVT
cases were confirmed 6.19 ± 2.43 d after AP onset by
contrast-enhanced CT. Supplementary Table 1 shows
the demographic characteristics of all patients. The
average age of all patients was 54.59 ± 15.90 years,
and the study included 67 males (47.85%) and 73
females (52.14%). The PSMVT and non-PSMVT groups
were matched by age, sex, AP etiology, Marshall score,
systemic inflammatory response syndrome score, and
acute physiology and chronic health evaluation Ⅱ score.
Balthazar’s CTSI score was higher in the PSMVT group
than in the non-PSMVT group (7.20 ± 2.65 vs 4.63 ± 1.45,
P = 0.000).
The most commonly involved vessel was the splenic

Definitions

The diagnosis of PSMVT was based on the results of
the contrasted-enhanced CT. Thrombosis was defined
as a filling defect within the lumen of the vessel seen
on contrast-enhanced CT images. SAP was defined by
persistent organ failure, that was, organ failure for longer
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Table 1 Results of univariate logistic regression analyses
Variables
Age
Sex
Etiology
APACHEII score
Modified Marshall score
SIRS score
Balthazar’s CTSI score
1
Hypoalbuminemia
Hematocrit
Leucocyte
C-reactive protein
Procalcitonin
Platelet
Prothrombin time
APTT
Fibrinogen
D-dimer
Cholesterol
Triglyceride
2
Average of IAP
2
Highest value of IAP
3
Culture positive of drainage fluid
Culture positive of blood
APFC on Mesenteric root
Extrapancreatic necrosis alone
Pancreatic parenchymal necrosis
Extrapancreatic and parenchymal necrosis
Location of necrosis
Head
Neck
Body
Tail
Amount of necrosis
< 30%
30%-50%
> 50%
Gastrointestinal wall thickening

OR

95%CI

P value

0.974
0.828
0.775
1.03
1.06
1.369
1.78
21.143
1.027
1.021
1.001
0.988
1
0.973
1.01
0.984
1.008
1.034
1.006
1.161
1.174
3.97
1.889
2.765
0.314
0
6.021

0.948-1.002
0.347-1.976
0.405-1.483
0.924-1.148
0.816-1.377
0.873-2.147
1.419-2.232
2.25-198.68
0.974-1.083
0.955-1.092
0.997-1.005
0.955-1.022
0.995-1.006
0.875-1.081
0.981-1.040
0.865-1.120
0.954-1.064
0.893-1.198
0.952-1.063
0.947-1.423
0.985-1.400
1.566-10.067
0.766-4.655
1.126-6.791
0.125-0.787
2.357-15.379

0.065
0.670
0.441
0.590
0.660
0.171
0.000
0.008
0.331
0.539
0.596
0.485
0.928
0.606
0.504
0.806
0.782
0.654
0.831
0.151
0.074
0.004
0.167
0.026
0.013
0.999
0.000

4.58
4.413
6.431
8.5

1.514-13.855
1.624-11.997
2.536-16.306
3.209-22.514

0.007
0.004
0.000
0.000

0.722
3
24.889
4.25

0.226-2.304
0.668-13.482
6.148-100.750
1.725-10.474

0.582
0.152
0.000
0.002

1

Hypoalbuminemia was defined as serum albumin level < 25 g/L; 2IAP was measured in the first three days from admission and the average and highest
value of IAP was noted; 3The fluid was obtained by percutaneous paracentesis or drainage pancreatic necrosis. OR: Odds ratio; CI: Confidence interval;
APACHE: Acute Physiology, Age, and Chronic Health Evaluation; SIRS: Systemic inflammatory response syndrome; CTSI: Computed tomography severity
index; APTT: Activated partial thromboplastin time; IAP: Intra-abdominal pressure; APFC: Acute peripancreatic fluid collection.

vein, which was detected in ten patients, followed by the
SMV in five patients, the PV in four patients, the splenic
vein and PV in three patients, the splenic vein and SMV
in one patient, and the splenic vein, SMV and PV in two
patients (Figure 2). In addition, we further detected other
vascular complications and local complications, which
are shown in Supplementary Table 2. There were pseudo
aneurysms (Figure 3) in two patients, and CT revealed
a hematoma in one of them, who was subsequently
discharged without any treatment.
Supplementary Table 3 shows the relationship of a
variety of clinical variables with the clinical outcomes.
Twenty-one of the one hundred and forty patients
(15%) died during hospitalization. Three patients
experienced gastrointestinal hemorrhage. In one pa
tient, digital subtraction angiography detected that
the gastrointestinal hemorrhage was the result of the
duodenal artery branch breaking; in the second patient,
gastroscopy detected an acute gastric mucosal injury;

WJG|www.wjgnet.com

and in the third patient, no reason was found. Intraabdominal hemorrhage was detected in eight patients by
abdominal CT, digital subtraction angiography, or during
invasive interventions and surgical processes. Patients
with PSMVT were more severely ill, as evidenced by their
greater need for minimally invasive interventions, higher
rates of multiple organ dysfunction syndrome, infected
pancreatic necrosis, and longer durations of hospital and
intensive care unit stays.
Table 1 shows the results of the univariate regression
analysis of PSMVT. The following were potential risk
factors: Higher Balthazar’s CTSI score (OR: 1.780, P
= 0.000); hypoalbuminemia (OR: 0.047, P < 0.01);
culture-positive drainage fluid (OR: 3.97, P < 0.01);
the APFC at the mesenteric root (OR: 2.765, P < 0.05);
extrapancreatic necrosis alone (OR: 0.314, P < 0.05);
peripancreatic and pancreatic parenchymal necrosis (OR:
6.021, P = 0.000); necrosis located in the head (OR:
4.580, P < 0.01), neck (OR: 4.413, P < 0.01), body (OR:
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Table 2 Results of multivariate logistic regression analyses
Variables
Balthazar’s CTSI score
hypoalbuminemia
Gastrointestinal wall thickening

OR

95%CI

P value

2.742
32.573
4.367

1.664-4.519
2.711-391.353
1.218-15.658

0.000
0.006
0.024

Receiver operating characteristic curve
1.0

Sentivity

0.8

0.6

0.4

0.2

0.0
0.0

Figure 2 Portosplenomesenteric vein thrombosis. Contrast-enhanced CT
image in a 70-year-old female patient with severe acute biliary pancreatitis
shows a filling defect within the lumen of the portal vein (up arrow), splenic
vein (down arrow) and superior mesenteric vein (left arrow). CT: Computed
tomography

     0.2

     0.4

   0.6

    0.8

   1.0

1-specificity

Figure 4 The receiver operating characteristic curve for Balthazar’
s computed tomography severity index score in predicting PSMVT
secondary to severe acute pancreatitis in the early stage.

cut-off value of 5.5 (Figure 4).

DISCUSSION
There is a lack of data on the prevalence and natural
course of PSMVT in AP. It has been reported that the
incidence of vascular abnormalities varies from 1.8%
to 57% because of the different vascular abnormalities
described, and differences in the severity of AP, and time
[3-5,10,15-18]
or method of detecting vascular abnormalities
.
In the present study, PSMVT developed in 25 of 140
(17.86%) patients with early-stage SAP. It has been
reported that most PSMVTs have been clinically con
[3-5,10]
firmed in the late stage of AP onset
. This study is
the first report to focus on PSMVT occurring as early
as within 10 d (average 6 d) from AP onset and to
indicate that high Balthazar’s CTSI, hypoalbuminemia
and gastrointestinal wall thickening are independent
prognostic factors of PSMVT in the early stage of the
onset of SAP.
The development of PSMVT is associated with the
[5,19]
presence, location, and extent of pancreatic necrosis
.
In contrast, some papers showed a weaker association
between Balthazar’s CTSI and superficial venous
[3,15]
thrombosis (SVT) or PSMVT in AP
. In our study,
Balthazar’s CTSI was an independent risk factor of
PSMVT and the area under the ROC curve for Balthazar’s
CTSI score was 0.777 at a cut-off value of 5.5. The high
specificity indicated that a low Balthazar’s CTSI score
could be a good indicator that PSMVT would not occur.
The splenic vein runs behind the tail and the body of the

Figure 3 Pseudoaneurysm. Axial contrast-enhanced CT image in a
42-year-old female patient with severe acute biliary pancreatitis shows a
pseudoaneurysm of the splenic artery (arrow), and the patient was discharged
without gastrointestinal hemorrhage or intra-abdominal hemorrhage.

6.431, P = 0.000), or tail (OR: 8.500, P = 0.000) of the
pancreas; an extent of pancreatic necrosis > 50% (OR:
24.889, P = 0.000); and gastrointestinal wall thickening
(OR: 4.053, P = 0.000).
Multivariate stepwise logistic regression analyses
showed that higher Balthazar’s CTSI score (OR: 2.742;
95%CI: 1.664-4.519; P = 0.000), hypoalbuminemia
(serum albumin level < 25 g/L) (OR:32.573; 95%CI:
2.711-391.353; P = 0.006) and gastrointestinal wall
thickening (OR: 4.367, 95%CI: 1.218-15.658; P = 0.024)
were independent risk factors for PSMVT in patients
with SAP (Table 2). The area under the ROC curve for
Balthazar’s CTSI score was 0.777 (P = 0.000), the
sensitivity was 52%, and the specificity was 93% at a
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pancreas. Behind the neck of the pancreas, the splenic
vein joins the SMV to form the hepatic PV. Necrosis
could directly impact the vascular system, resulting
in the formation of PSMVT. In addition, pancreatic nec
rosis is thought to be associated with a severe local
inflammatory response and may surround the vein
directly, causing impaired vasomotor function, reduced
capillary perfusion, and enhanced thrombosis. However,
the appropriate time for drainage is controversial, and it
is recommended that drainage should be delayed until
[20]
the fluid is well encapsulated or there is necrosis . In
our study, we found that PSMVT could form in the early
stage of AP and hence, for these patients, early drainage
might alleviate local inflammation and lower the risk of
PSMVT.
Low albumin status reflects poor nutritional status.
Low albumin levels are thought to be associated with
increased venous thromboembolism in head and neck
[21]
[22]
surgery patients , hepatocellular carcinoma patients ,
[23]
colorectal surgery patients , and thoracolumbar sur
[24]
gery patients . A prospective study determined that
lower serum albumin levels were more accurate than
clinical scores for diagnosing DVT in patients with several
[25]
comorbidities . In our study, hypoalbuminemia with
albumin levels ≤ 25 g/L was a good predictor of PSMVT,
with a very high OR (32.573). Thus, we speculate that
correcting hypoalbuminemia during the early stage of AP
may help prevent the occurrence of PSMVT. Low albumin
levels may lead to peripheral edema and possibly to
increased venous stasis. However, the exact mechanism
needs further study.
This study revealed that gastrointestinal wall thick
ening was an independent risk factor for PSMVT. Gastro
intestinal wall thickening is represented by the thickening
and edema of the gastrointestinal wall, which means
that the intestinal barrier is more vulnerable. There is
speculation that intestinal bacteria and their products
can infiltrate the blood circulation through the damaged
[26]
intestinal barrier , causing severe local inflammation,
which is related to venous thrombosis. The level of
D-dimer is mostly used as an effective diagnostic tool
to rule out deep vein thrombosis (DVT) and pulmonary
[27]
embolism , and it has been reported to have great
[28]
predictive power in the early phase of AP . However, our
study showed that coagulation tests including platelets,
prothrombin time, activated partial thromboplastin
time, fibrinogen and D-dimer were not independent risk
factors in the logistic regression analysis, suggesting that
coagulative disturbance may not be a direct cause of
[3]
PSMVT, as reported before .
There were several limitations of our study. First, it
was a retrospective study with a limited sample size.
Second, we focused on the vascular complications during
the early stage of AP; thus, whether more patients
experienced PSMVT in later stages was unknown.
Third, anticoagulation therapy was not included in the
management protocol of PSMVT at the early stage (within
10 d after AP onset). However, when and whether
anticoagulants and other treatments were given 10 d
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after AP onset depended on the decisions made by the
attending doctors. Whether these interventions could
have affected the long-term prognosis is unclear.
In conclusion, we demonstrated that the occurrence
rate of PSMVT is high in SAP patients in the early stage,
and high Balthazar’s CTSI scores, hypoalbuminemia
and gastrointestinal wall thickening were independent
prognostic factors.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The natural history of portosplenomesenteric vein thrombosis (PSMVT) was
mostly reported to occur late during acute pancreatitis (AP). There is little data
regarding risk factors for this complication in the early stage of severe acute
pancreatitis (SAP).

Research motivation

We wanted to determine the potential risk factors for the development of
PSMVT in SAP patients and further qualify independent risk factors.

Research objectives

To investigate the incidence and risk factors of PSMVT in the early stage of
SAP.

Research methods

Clinical outcomes and imaging measures were compared between 25 patients
with PSMVT developed in the early stage of SAP and 115 patients without
PSMVT. Independent risk factors were assessed by logistic regression
analyses.

Research results

Twenty-five of the one hundred and forty (17.86%) SAP patients developed
PSMVT 6.19 ± 2.43 d after AP onset. Balthazar’s computed tomography
(CT) severity index scores, hypoalbuminemia (serum albumin level < 25
g/L) and gastrointestinal wall thickening were independent risk factors for
PSMVT developed in patients with SAP. The area under the receiver operating
characteristic (ROC) curve for Balthazar’s CT severity index scores was 0.777
with high specificity at a cut-off value of 5.5.

Research conclusions

High Balthazar ’s CT severity index scores, hypoalbuminemia and
gastrointestinal wall thickening are independent risk factors for PSMVT
developed in the early stage of SAP.

Research perspectives

High Balthazar ’s CT severity index scores, hypoalbuminemia and
gastrointestinal wall thickening may be good forecasting indictors for PSMVT at
the early stage of SAP. We hope that a future prospective, multicenter study will
study the prevention and therapy of PSMVT at the early stage of AP.
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Abstract
AIM
To clarify the role of serum anti-Helicobacter pylori (H.
pylori ) antibody titers in gastric cancer.

Informed consent statement: Written informed consent was
obtained from all participants.
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METHODS
In this cross-sectional study, the effect of patients’
baseline characteristics and endoscopic findings on their
serum antibody titers were assessed. We evaluated
consecutive patients who underwent esophagogastro
duodenoscopy and their first evaluation for H. pylori
infection using a serum antibody test. We excluded
patients with a history of eradication therapy. The
participants were divided into four groups according to
their E-plate serum antibody titer. Patients with serum
antibody titers < 3, 3-9.9, 10-49.9, and ≥ 50 U/mL
were classified into groups A, B, C, and D, respectively.
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INTRODUCTION
Helicobacter pylori (H. pylori) infection is the main
carcinogenic entity in the stomach, and eradicating it
[1-5]
13
reduces the incidence of gastric cancer . The C-urea
breath test (UBT), serum immunoglobulin G anti-H.
pylori antibodies, stool antigen test, esophagogastro
duodenoscopy (EGD), rapid urease test, culture, and
pathology are used in routine practice to diagnose H.
pylori infection. UBT is the gold standard for diagnosing
H. pylori infection because its accuracy is the best of all
[2,6]
these tests . However, UBT requires the patients to
stop using proton pump inhibitors or antibiotics.
Other than UBT, measuring the serum antibody
titer is useful because serum antibody testing is easy,
inexpensive, and hardly affected by changes in the
[7]
stomach . Some serological tests are of high-quality,
and measuring the antibody titer once in adults makes
it possible to observe subsequent changes in it with
[8-11]
time and diagnose H. pylori infection
. Serum anti
body titer is useful to evaluate both new-onset and
[12]
successful eradication of the disease . Furthermore,
serum antibody titer is associated with the risk of gas
tric cancer. For example, a high titer correlates with
diffuse-type of gastric cancer according to Lauren’s
classification. A positive-low titer and negative-high
[10,13-15]
titer are associated with intestinal-type cancer
.
An E-plate (Eiken Chemical, Tokyo, Japan) is frequently
used for commercial serological examination in routine
clinical practice in Japan. The E-plate is a direct enzyme
immunoassay test designed to identify the Japanese
strain of H. pylori and has been widely applied in large[14,16]
scale studies in Japanese participants
. The manu
facturer defined the cutoff E-plate titer as 10 U/mL
and reported that its accuracy, sensitivity, specificity,
positive predictive value, and negative predictive value
were 94.0%, 95.2%, 92.6%, 93.8%, and 94.3%,
[17]
respectively .
EGD is another diagnostic tool for H. pylori infection
because it is able to not only accurately diagnose gastric
malignancies, but also stratify the risk of gastric cancer
[3,18]
by evaluating gastritis
. In Japan, EGD is performed
to diagnose H. pylori infection in routine clinical practice.
We previously reported that the endoscopic Kyoto
classification of gastritis is associated not only with
[11]
gastric cancer, but also with H. pylori infection .
Few studies have described the relationship between
the serum anti-H. pylori antibody titers and endoscopic
findings. We conducted this cross-sectional study to
investigate the association between patients’ baseline
characteristics and endoscopic findings, and the serum
antibody titer; subsequently, we determined the role of

RESULTS
In total, 874 participants were analyzed with 70%,
16%, 8.7%, and 5.1% of them in the groups A, B, C,
and D, respectively. Patients in group C were older than
patients in groups A and B. Gastric open-type atrophy,
intestinal metaplasia, enlarged folds, diffuse redness,
and duodenal ulcers were associated with a high titer.
Regular arrangements of collecting venules, fundic
gland polyps, superficial gastritis, and gastroesophageal
reflux disease were related to a low titer. Multivariate
analysis revealed that nodularity (P = 0.0094), atrophy
(P = 0.0076), and age 40-59 years (vs age ≥ 60
years, P = 0.0090) were correlated with a high serum
antibody titer in H. pylori -infected patients. Intestinal
metaplasia and atrophy were related to age ≥ 60 years
in group C and D.
CONCLUSION
Serum antibody titer changes with age, reflects gastric
mucosal inflammation, and is useful in predicting the
risk of gastric cancer.
Key words: Antibody; Helicobacter pylori ; Gastritis;
Gastric cancer; Endoscopy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A positive-low serum anti-Helicobacter pylori
(H. pylori ) antibody titer (E-plate Eiken) (10-49.9 U/mL)
and a negative-high titer (3-9.9 U/mL) are associated
with intestinal-type gastric cancer. A positive-high titer
(≥ 50 U/mL) correlates with diffuse-type gastric cancer.
Few studies have reported on the relationship between
the serum antibody titer and endoscopic findings. In H.
pylori -infected patients, a high titer of serum antibody
was associated with gastric nodularity and atrophy. In
H. pylori -infected patients, the antibody titer decreased
in patients aged 60 years. Intestinal metaplasia and
gastric atrophy were related to age ≥ 60 years in
patients with positive titers.
Toyoshima O, Nishizawa T, Sakitani K, Yamakawa T, Takahashi
Y, Yamamichi N, Hata K, Seto Y, Koike K, Watanabe H, Suzuki H.
Serum anti-Helicobacter pylori antibody titer and its association
with gastric nodularity, atrophy, and age: A cross-sectional study.
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serum antibody titers in these patients.

(Olympus Corporation, Tokyo, Japan) by expert
physicians who jointly met and discussed the endoscopic
images before this study. We performed EGD with the
patient under conscious sedation with midazolam and/
or pethidine hydrochloride. Other expert physicians
retrospectively reviewed the EGD images. Discrepancies
in diagnoses between the two sets of physicians were
resolved through a discussion between them.
We evaluated the Kyoto classification of gastritis
[19]
score . The Kyoto classification of gastritis is based on
the sum of the scores of the following five endoscopic
findings, which are scored on a scale from 0-8: Atrophy,
intestinal metaplasia (IM), enlarged folds, nodularity,
and redness. A high score represents an increased risk
[15,20]
of gastric cancer
. Gastric atrophy was classified
according to the extent of mucosal atrophy, as
[21]
described by Kimura and Takemoto . Classifications
of C-Ⅱ and C-Ⅲ were scored as 1, while those of OⅠ to O-Ⅲ were scored as 2. IM is typically observed as
grayish-white and slightly opalescent patches. IM within
the antrum was scored as 1 and IM extending into the
corpus was scored as 2. Enlarged folds greater than 5
mm were scored as 1. Nodularity is characterized by the
appearance of multiple whitish elevated lesions, mainly
in the pyloric gland mucosa. Nodularity was scored as
1. Diffuse redness refers to uniform redness involving
the entire fundic gland mucosa. Redness with regular
arrangements of collecting venules (RAC) was scored as
1 and that without RAC was scored as 2.
We also investigated gastric and duodenal ulcers.
Ulcer scars were considered positive findings. RAC, fundic
gland polyps, superficial gastritis, gastroesophageal
reflux disease (GERD), Barrett’s esophagus (BE), and
hiatal hernia were considered H. pylori infection-negative
[19]
endoscopic findings . We defined the three endoscopic
findings of hematin (bleeding spots), red streaks (linear
erythema), and raised erosion as superficial gastritis. We
defined grade A (one or more mucosal breaks of ≤ 5
mm in length) or worse of the Los Angeles classification
of GERD as positive. Short-segment BE was classified as
BE.

MATERIALS AND METHODS
Ethics

This retrospective study was approved by the ethical
review committee of Hattori Clinic on September 7,
2017. Written informed consent was obtained from the
participants. All clinical investigations were conducted
according to the ethical guidelines of the Declaration of
Helsinki.

Patients

We enrolled consecutive patients who underwent EGD
and serum antibody testing at Toyoshima Endoscopy
Clinic, which is an endoscopy specialty clinic, between
September 2016 and August 2017. We included
patients who were evaluated for H. pylori infection
for the first time. The indications for EGD were the
symptoms, abnormal findings on upper gastrointestinal
radiography, screening, or surveillance for upper
gastrointestinal diseases. The serum antibody titer was
measured at the time of EGD. We excluded patients
with a history of H. pylori eradication therapy, gastric
cancer, or gastrectomy.
We grouped the subjects based on their serum
antibody titers. Data on the patients’ baseline cha
racteristics, including age, sex, and indication for EGD,
were collected.

The serum anti-H. pylori antibody

The serum antibody titer was measured using the
following enzyme-linked immunoassay kit using antigens
derived from Japanese individuals: E-plate Eiken H. pylori
antibody Ⅱ kit (Eiken Chemical, Tokyo, Japan). The
measurable titers were ≥ 3 U/mL and < 100 U/mL. The
manufacturer recommended a cut-off value of 10 U/mL
for H. pylori positivity. We previously reported that a titer
of 3-9.9 U/mL had a lower negative predictive value than
[11]
a total titer of < 10 U/mL did (83.1% vs 94.3%) . A
titer of 3-9.9 U/mL was also reported to indicate the risk
[15]
of intestinal gastric cancer . The previous study set the
cut-off point as 50 U/mL to differentiate the low and high
serum antibody titer groups, ensuring that the ratio of
patients in both groups was approximately half of all H.
pylori-seropositive subjects. A titer of 10-49.9 U/mL was
reported to indicate the risk of intestinal gastric cancer,
and a titer ≥ 50 U/mL was considered to indicate the
[10]
risk of diffuse cancer .
In the present study, we divided the subjects into
four groups according to their serum antibody titer as
follows: group A: Titer < 3 U/mL (negative-low), group
B: 3-9.9 U/mL (negative-high), Group C: 10-49.9 U/mL
(positive-low), and group D: ≥ 50 U/mL (positive-high).

Statistical analysis

First, we evaluated the association between the serum
antibody titer and age, sex, indication, and endoscopic
findings using Kruskal-Wallis test for continuous
variables and Cochran-Armitage test, chi-squared
test, or polytomous logistic regression analysis for cate
gorical variables in the four groups. Simultaneously, in
comparisons between two groups, Steel-Dwass test was
used for continuous variables. Second, we compared
patients with H. pylori infection (groups C and D) based
on age (< 40 years, 40-59 years, and ≥ 60 years) using
the Cochran-Armitage test. Subsequently, we conducted
a subgroup analysis of H. pylori-infected patients (groups
C and D). We evaluated the effect of age, sex, indication,
and endoscopic findings on the serum antibody titer
in univariate analysis using the Mann-Whitney U test

EGD

EGD was performed using the Olympus Evis Lucera
Elite system with GIF-HQ290 or GIF-H290Z endoscope
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Table 1 Characteristics and endoscopic findings of the serum antibody titers of the 874 study participants n (%)
Group
Serum antibody titer (U/mL)
Number
Male
Age (yr), continuous, mean ± SD
Age, categorical
< 40 yr
40-59 yr
≥ 60 yr
Indication
Symptoms
Abnormal upper gastrointestinal radiography findings
Screening
Surveillance for upper gastrointestinal diseases
Kyoto classification score, mean ± SD
Open-type atrophy
Intestinal metaplasia
Enlarged folds
Nodularity
Diffuse redness
Gastric ulcer
Duodenal ulcer
Regular arrangement of collecting venules
Fundic gland polyps
Superficial gastritis
Gastroesophageal reflux disease
Barrett's esophagus
Hiatal hernia

Total

A

B

C

D

3-9.9
141 (16.1)
48 (34.0)
47.1 ± 14.9

10-49.9
76 (8.7)
33 (43.4)
52.5 ± 15.8

≥ 50

874
336 (38.4)
48.3 ± 13.8

<3
612 (70.0)
241 (39.4)
47.8 ± 13.1

45 (5.1)
14 (31.1)
50.9 ± 14.3

233
473
168

167 (71.7)
342 (72.3)
103 (61.3)

43 (18.5)
70 (14.8)
28 (16.7)

15 (6.4)
33 (7.0)
28 (16.7)

8 (3.4)
28 (5.9)
9 (5.4)

415
93
227
139
0.43 ± 1.09
65 (7.4)
46 (5.3)
25 (2.9)
15 (1.7)
31 (3.5)
14 (1.6)
19 (2.2)
470 (53.8)
311 (35.6)
390 (44.6)
108 (12.4)
250 (28.6)
105 (12.0)

295
60
165
92
0.11 ± 0.57
11 (1.8)
8 (1.3)
6 (1.0)
1 (0.2)
4 (0.7)
9 (1.5)
3 (0.5)
376 (61.4)
259 (42.3)
314 (51.3)
84 (13.7)
175(28.6)
75 (12.3)

65
14
39
23
0.43 ± 0.95
11 (7.8)
7 (5.0)
1 (0.7)
1 (0.7)
3 (2.1)
0 (0)
2 (1.4)
75 (53.2)
48 (34.0)
53 (37.6)
16 (11.3)
41 (29.1)
17 (12.1)

36
12
14
14
1.92 ± 1.70
21 (27.6)
19 (25.0)
12 (15.8)
3 (3.9)
15 (19.7)
5 (6.6)
10 (13.2)
16 (21.1)
4 (5.3)
16 (21.1)
3 (3.9)
23 (30.3)
10 (13.2)

19
7
9
10
2.33 ± 1.45
22 (48.9)
12 (26.7)
6 (13.3)
10 (22.2)
9 (20.0)
0 (0.0)
4 (8.9)
3 (6.7)
0 (0.0)
7 (15.6)
5 (11.1)
11 (24.4)
3 (6.7)

P value

0.36
0.010
0.002

0.52

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.43
< 0.001
< 0.001
< 0.001
< 0.001
0.047
0.95
0.66

P-values were calculated by comparing groups A, B, C, and D using the Kruskal-Wallis test, Cochran-Armitage test, chi-squared test, or a polytomous
logistic regression analysis, as appropriate. The Kyoto classification of gastritis score was estimated based on gastric atrophy, intestinal metaplasia, enlarged
folds, nodularity, and redness[19]. SD: Standard deviation.

for continuous variables and Fisher’s exact test or a
binominal logistic regression analysis for categorical
variables. We considered age 40-59 years as the
reference. Finally, we performed multivariate analysis to
identify the factors that were independently associated
with the serum antibody titer using a binominal logistic
regression analysis of the variables with a P-value less
than 0.1 in the univariate analysis. A two-sided P-value
less than 0.05 was considered statistically significant. The
data were analyzed using Ekuseru-Toukei 2015 software
(Social Survey Research Information, Tokyo, Japan).

C were significantly older than those in groups A and B
(P = 0.018 and 0.025, respectively, Table 1). There was
no difference in sex and indication between the patients
in the four groups. We found that the Kyoto classification
of gastritis score in group B was higher than that in
group A, and those in groups C and D were higher than
that in group B (mean score of groups A, B, C, and D:
0.11, 0.43, 1.92, and 2.33, respectively; group A vs B,
group B vs C, and group B vs D: P < 0.001; group C
vs D: P = 0.32, Table 1). Open-type atrophy (according
to the Kimura-Takemoto classification), IM, enlarged
folds, nodularity, diffuse redness, and duodenal ulcers
occurred more frequently in patients with a higher titer
than in those with a lower titer. However, the frequencies
of RAC, fundic gland polyps, superficial gastritis, and
GERD were lower in patients with a higher titer (Table 1).
Representative endoscopic images are shown in Figure
1A-F. The proportion of patients in group C and D who
were H. pylori-infected increased with age (< 40 years:
9.9%; 40-59 years: 12.9%; ≥ 60 years: 22.0%; P <
0.001, Figure 2A).
We conducted a sub-analysis of groups C and D
to determine the difference between low-positive and
high-positive serum antibody titers in H. pylori-infected
patients. We compared the proportion of patients in
groups C and D, stratified by age, as shown in Figure 2B.
The proportion of patients in group D among those aged
≥ 60 years was lower than that in patients aged 40-59

RESULTS
A total of 919 patients were enrolled. We excluded 37
patients with a history of eradication therapy, four with
a history of gastric cancer, and four with a history of
gastrectomy. Finally, 874 patients were analyzed. The
age of the study participants ranged between 16-95
years (mean: 48.3, standard deviation: 13.8). Thirtyeight percent of the patients were men. The mean
Kyoto classification score was 0.43 (standard deviation:
1.09). There were 612 (70%), 141 (16%), 76 (8.7%),
and 45 (5.1%) patients in groups A, B, C, and D,
respectively (Table 1).
In our analysis of the association between serum
antibody titer and baseline characteristics and endoscopic
findings in all participants, we found that those in group
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A

B

C

D

E

F

Figure 1 Representative endoscopic images of patients in each of the groups. A and B: Group A (serum antibody titer < 3 U/mL). A 20-year-old woman with
a serum antibody titer < 3 U/mL and Kyoto classification score of 0. Atrophy was absent and RAC and superficial gastritis were present; C and D: Group C (serum
antibody titer of 10-49.9 U/mL). A 36-year-old woman with a serum antibody titer of 25.5 U/mL and Kyoto classification score of 1. Closed-type atrophy was present
and enlarged folds, nodularity, diffuse redness, and RAC were absent; E and F: Group D (serum antibody titer ≥ 50 U/mL). A 50-year-old woman with a serum
antibody titer ≥ 100 U/mL and Kyoto classification score of 7. Open-type atrophy, enlarged folds, nodularity, and diffuse redness were present, and RAC was absent.
RAC: Regular arrangement of collecting venules.

years [odds ratio (OR): 0.38, 95% confidence interval
(CI): 0.15-0.94, P = 0.035]. There was no difference
between patients aged < 40 and those between
40-59 years in terms of the proportion of patients in
group D (OR: 0.63, 95%CI: 0.23-1.7, P = 0.36). In
our comparison of the endoscopic findings of patients
in groups C and D, we found that the frequencies of
nodularity (P = 0.0042) and open-type atrophy (P =
0.018) were higher in group D than those in group C.
The frequency of RAC was lower in group D than that in
group C (P = 0.040). We evaluated the effect of patients’
baseline characteristics and endoscopic findings on the
serum antibody titer using multivariate analysis. Age ≥
60 years (OR: 0.24, 95%CI: 0.083-0.70, P = 0.0090),
nodularity (OR: 7.1, 95%CI: 1.6-31, P = 0.0094), and
open-type atrophy (OR: 3.9, 95%CI: 1.4-10, P = 0.0076)
were independently associated with the serum antibody
titer in H. pylori-infected patients (Table 2).

WJG|www.wjgnet.com

We compared the endoscopic findings of H. pyloriinfected patients aged < 60 years and those ≥ 60
years, as shown in Table 3. Intestinal metaplasia and
gastric atrophy were related to age ≥ 60 years in group
C and D.

DISCUSSION
In this study, we investigated the association between
patients’ baseline characteristics and endoscopic findings
and the serum antibody titer, and we clarified the role of
serum antibody titers in patients with H. pylori infection.
We found that nodularity and endoscopic open-type
atrophy correlated with a high serum antibody titer in
H. pylori-infected patients. In patients aged > 60 years,
the serum antibody titer tended to decrease and IM
tended to be more prevalent. Higher bacterial counts
induce intense immune responses, resulting in higher
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Table 2 Multivariate analysis of the effect of patients’ characteristics and endoscopic findings on the serum antibody titer in

Helicobacter pylori -infected patients

Odds ratio

95%CI

P -value

0.69
0.24
3.9
7.1
0.36

0.21-2.2
0.083-0.70
1.4-10
1.6-31
0.088-1.5

0.54
0.0090
0.0076
0.0094
0.16

Age < 40 yr1
Age ≥ 60 yr1
Open-type atrophy
Nodularity
Regular arrangement of collecting venules
1

The odds ratios were calculated by considering age 40-59 years as reference. P-values were calculated using a binominal logistic regression analysis. CI:
Confidence interval.

Table 3 Comparison of the endoscopic findings of Helicobacter pylori -infected patients aged < 60 years and those ≥ 60 years
P value

Group C
Number
Kyoto classification score, mean ± SD
Open-type atrophy
Intestinal metaplasia
Enlarged folds
Nodularity
Diffuse redness
Gastric ulcer
Duodenal ulcer
Regular arrangement of collecting venules
Fundic gland polyps
Superficial gastritis
Gastroesophageal reflux disease
Barrett's esophagus
Hiatal hernia

Age < 60 yr

Age ≥ 60 yr

48
1.52 ± 1.56
7
4
8
2
9
3
4
12
4
11
2
13
5

28
2.61 ± 1.75
14
15
4
1
6
2
6
4
0
5
1
10
5

0.0068
0.0014
< 0.001
1.0
1.0
0.77
1.0
0.16
0.38
0.29
0.77
1.0
0.45
0.48

Group D
Age < 60 yr

Age ≥ 60 yr

36
2.19 ± 1.53
14
6
3
10
9
0
4
3
0
7
3
9
3

9
2.89 ± 0.928
8
6
3
0
0
0
0
0
0
0
2
2
0

P value

0.084
0.0098
0.0062
0.084
0.17
0.17
1.0
0.57
1.0
1.0
0.31
0.26
1.0
1.0

P-values were calculated with Mann-Whitney U test or Fisher's exact test, as appropriate. SD: Standard deviation.

serum antibody titers, while genetic differences among
human hosts may affect the antibody levels in response
[4,22]
[14,23]
to pathogens
. Tatemichi et al
demonstrated that
a low-positive serum antibody titer was associated with
intestinal-type gastric cancer and a high-positive titer
was considered to indicate a high risk of diffuse-type
cancer. The intestinal type of cancer develops through a
sequence in which atrophy progresses and IM appears
as a person ages, while the diffuse type of cancer is
associated with high mucosal inflammation, particularly
[2,4,6,24-26]
in young patients and those with nodularity
. In
this study, we elucidated that the natural history of H.
pylori infection is as follows: 40-59-year-old H. pyloriinfected patients develop high inflammatory gastritis,
frequently with nodularity and a high serum antibody
titer, and they have a higher risk of developing diffusetype gastric cancer. Subsequently, some H. pyloriinfected patients older than 60 years of age have less
gastric mucosal inflammation, progression of gastric
atrophy, IM, decreased serum antibody titers, and the
risk of developing intestinal-type gastric cancer.
In our investigation of all subjects, endoscopic
findings indicating H. pylori infection were associated
not only with positive or negative serum antibodies,
but also with the serum antibody value. Regardless of
whether they have an H. pylori infection, patients with
a high serum antibody titer are more likely to have H.

WJG|www.wjgnet.com

pylori infection-related endoscopic findings and are less
likely to have H. pylori infection-negative endoscopic
findings than are those with a lower serum antibody
titer. Endoscopic findings are related to the risk of
gastric cancer; therefore, these results confirmed that
the serum antibody titer is associated with the risk of
[2,6]
gastric cancer .
The H. pylori infection rate is declining in Japan;
however, our study indicated that a large number
of people have negative antibodies, but high titers.
Since some previous studies have demonstrated that
patients with negative-high serum antibody titers,
especially those with H. pylori infection, were at a risk of
developing intestinal gastric cancer, these results should
[10,11,14,15]
be considered in clinical practice
.
We previously reported that the H. pylori infection
[11]
rate was 17% in group B . The infection rate at the
time serum antibodies were measured was 13% in
people < 40 years old, 15% for those aged 40-59 years,
[27]
and 25% for those ≥ 60 years. Ueda et al described
that the prevalence of H. pylori infection in Japan was
the highest in patients born between 1940-1949 and
then decreased in those born in the ensuing years. Our
results were concordant with those of their reports and
might indicate the current infection rate in urban areas
in Japan.
This study has some limitations. The subjects
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Figure 2 Proportion of Helicobacter pylori-infected patients. A: The proportion of patients in each of the groups, stratified by age. B: The proportion of patients in
groups C and D, stratified by age.
correlated with a high serum antibody titer in H. pylori-infected patients.

included in the study were limited to outpatients. In the
future, population-based research is expected. We did
not diagnose H. pylori infection accurately because this
study based on serum antibodies for diagnostic method.
Investigating H. pylori infection with UBT is needed to
determine the fluctuations in serum antibody titers in
a time series in H. pylori-infected patients. Cytotoxinassociated gene A (CagA), which is a virulent form of H.
pylori, was also not evaluated because 95% of Japanese
patients with H. pylori infection have East Asian-type
[28]
CagA . Further investigations in those who do not
have East Asian-type CagA-positive H. pylori infection is
necessary.
In H. pylori-infected patients, high titers of serum
anti-H. pylori antibodies were associated with gastric
nodularity and atrophy, and the serum antibody titer
tended to decrease in 60-year-old patients. Serum
antibody titer reflects gastric mucosal inflammation;
therefore, patient with high antibody titer may be at
risk for diffuse gastric cancer and should be carefully
screened in clinical practice.

Research conclusions

Serum antibody titer reflects gastric mucosal inflammation

Research perspective

In the future, population-based research is expected.
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colonoscopic surveillance. Current clinical guidelines
favour chromoendoscopy with targeted biopsies, as it
detects dysplasia more accurately and thus requires
fewer biopsies than white-light endoscopy. However,
these recommendations are based on studies performed
in advanced endoscopic units and chromoendoscopy is
not routinely applied in everyday clinical practice. This
prospective cohort study suggests that, although novice
to chromoendoscopy, endoscopists can accurately
evaluate the absence of neoplasia. The yield of
nontargeted biopsies was also found to be negligible.
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Abstract
AIM
To evaluate the use of chromoendoscopy for surveillance
of ulcerative colitis in a real-life community hospital
setting.
METHODS
Patients with extensive ulcerative colitis, having disease
duration of more than 8 years and who presented
between the years of 1999 to 2013, were offered
enrolment in this single cohort prospective study. All
participants underwent standard bowel preparation
with sodium phosphate and chromoendoscopy. Two
expert endoscopists, novice to chromoendoscopy,
evaluated each segment of the colon with standarddefinition colonoscopes after spray application of 0.4%
indigo carmine. All observed lesions were recorded and
evaluated before being removed and/or biopsied. In
addition, nontargeted biopsies were taken from each
segment of the colon. The dysplasia detection rate and
dysplasia detection yield were ascertained.

Klepp P, Tollisen A, Røseth A, Cvancarova Småstuen M,
Andersen SN, Vatn M, Moum BA, Brackmann S. Real-life
chromoendoscopy for dysplasia surveillance in ulcerative colitis.
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INTRODUCTION
Patients with extensive and long-standing ulcerative
colitis (UC) carry an increased risk of developing
[1]
colonic neoplastic lesions . Carcinoma in UC is thought
to develop through a stepwise progression from
inflammation to low-grade dysplasia and finally to
[2]
carcinoma . Patients are therefore advised to undergo
periodic colonoscopic surveillance, so as to detect
[3]
neoplasia at an early stage . Visualization of dysplastic
lesions in UC represents a challenge as they may be
flat or obscured by inflammatory changes and/or
[4]
pseudopolyps . Dysplasia surveillance using white-light
endoscopy relies on random 4-quadrant biopsies taken
[5]
every 10 cm, being a laborious and costly method .
Under-sampling is common with that technique and
even if the recommended 30-40 biopsies are harvested,
only a fraction of the entire mucosal surface of the colon
[6]
is examined .
Chromoendoscopy (CE), on the other hand, uses
a topical dye, which highlights mucosal abnormalities
[7]
and allows for more precise biopsies . Targeted
biopsies are considered superior to random biopsies
of apparently unaffected mucosa, as the latter are of
little additional value since they have poor diagnostic
[8]
yield . Thus, recommendations for surveillance using
CE are based on the assumption that CE requires fewer
biopsies and is more cost effective than standard white[7,9-11]
light endoscopy
. European clinical guidelines
recommend CE with targeted biopsies as the favoured
[3]
technique for dysplasia surveillance . It is important
to note that these guidelines are based on studies
that were performed in endoscopic units with highly
advanced expertise. However, in many countries, such
as Norway, CE is not routinely applied for surveillance
of UC patients. A retrospective multicentre study
conducted over a 14-year period of CE implementation
also did not show significant increase in the detection of

RESULTS
A total of 21 neoplastic lesions (2 carcinomas, 4 of
high-grade dysplasia and 15 of low-grade dysplasia)
and 27 nondysplastic lesions were detected in 16 of the
total 67 patients (70% male; median disease duration:
17 years; median age at diagnosis: 25 years; 92%
aminosalicylate-treated). The dysplasia detection rate
was 10.5% (7/67 patients). The dysplasia detection
yield was 20.8% (10/48) for targeted biopsies and 3.5%
(11/318) for nontargeted biopsies. The sensitivity and
specificity for the macroscopic evaluation of neoplasia
using chromoendoscopy were 48% [95% confidence
interval (CI): 26%-70%] and 96% (95%CI: 93%-98%),
respectively. The positive predictive and negative
predictive values were 42% (95%CI: 27%-59%) and
97% (95%CI: 95%-98%), respectively. A total of
19/21 dysplastic lesions were detected in mucosa with
histologic inflammation.
CONCLUSION
Chromoendoscopy seems to be of value for dysplasia
surveillance of ulcerative colitis in a community hospital
setting. The yield of non-targeted biopsies is negligible.
Key words: Colorectal cancer; Dysplasia; Ulcerative
colitis; Surveillance; Chromoendoscopy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with longstanding and extensive
ulcerative colitis are at increased risk of developing
colonic neoplasia and are advised to undergo regular
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the extubation each segment (cecum, ascending colon,
transverse colon, descending sigmoid and rectum)
was scrutinised for lesions after the spray catheter
application of 0.3% indigo-carmine. Extensive colitis
was defined as endoscopic inflammation proximal to
the splenic flexure. Endoscopic degree of inflammation
was classified according to the Mayo endoscopic score
[13]
for UC .

Table 1 Patient demographics and clinical features
Feature

Data

Study patients
Age (yr)
Male sex
Disease duration (yr)
Age at diagnosis (yr)
Colitis activity index score2
Primary sclerosing cholangitis
Colorectal cancer in first degree relative
Previous dysplasia in colon
Treatment
Aminosalicylate1
Steroids1
Azathioprine1
Antitumour necrosis factor1

67
40 (27-73)
46 (70)
17 (8-51)
25 (12-59)
0 (0-8)
3 (5), missing n = 2
3 (5), missing n = 5
3 (5), missing n = 3

Biopsies

The location and size of all lesions identified after
spray catheter application of 0.3% indigo-carmine
dye were reported. Also the appearance of the lesions
was classified according to terminology adapted from
[14]
the Scenic Consensus as either nonpolypoid flat or
elevated or polypoid pedunculated or nonpedunculated
before the lesions were biopsied or removed.
In addition, after spray catheter application of 0.3%
indigo-carmine dye, a minimum of one nontargeted
biopsy was taken from each of the six segments (cecum,
ascending, transverse and descending colon, sigmoid
and rectum) to determine the extent of disease and
grade of inflammation.
Independent and blind analyses of the formalinfixed paraffin-embedded biopsies were performed by
two expert gastropathologists. The histologic degree of
inflammation was graded based on the histological
[15]
activity index . Mucosal biopsies were classified as
either negative for neoplasia, indefinite for dysplasia,
or positive for low-grade dysplasia (LGD), high-grade
[16]
dysplasia (HGD) or adenocarcinoma . Neoplasia was
considered proximal or distal according to its anatomic
location to the splenic flexure. The dysplasia detection
yield was defined as the proportion of bioptic sites/
lesions containing dysplasia or invasive colorectal cancer
(CRC) in relation to the total number of bioptic sites/
lesions. The dysplasia detection rate was defined as the
proportion of patients who had at least one dysplastic
lesion or invasive CRC in relation to the total number of
screened patients.

58 (92), missing n = 3
12 (18), missing n = 4
4 (6)
4 (6), missing n = 1

1

At time of surveillance colonoscopy and/or during past two years;
Simple clinical colitis activity index. Data are presented as n (%) or
median (interquartile range).
2

[12]

dysplastic lesions .
The aim of this study was to assess the macroscopic
and histologic evaluation of CE when implemented in
real-life surveillance of patients with long-standing UC in
a community hospital in Norway.

MATERIALS AND METHODS
Ethical considerations

The study protocol was designed according to the
combined knowledge and expertise of Assistant
Professor Stephan Brackmann (Akershus University
Hospital), Professor Bjørn A Moum (Oslo University
Hospital) and Professor Morten Vatn (University of
Oslo). The study protocol was approved by the Regional
Committee for Medical and Health Research Ethics
(Project NO. 2010/1093). Written informed consent was
collected from all subjects prior to study inclusion.

Recruitment of participants

Patients registered in the database of Lovisenberg
Hospital from 1999-2013 were invited to participate
in the present study if they had (1) extensive UC,
documented by endoscopy at any time during the
course of disease, and (2) disease duration of 8 years
or more. Exclusion criteria included colectomy at any
time during follow-up and poor bowel preparation (Figure
1). Demographic and clinical data were extracted from
digital medical journals and by interview of the patients
(Table 1).

Statistical analysis

The statistical methods of this study were reviewed
by Milada Cvancarova Småstuen (Institute of Clinical
Medicine, University of Oslo, PO Box 1122 Blinderen,
0317 Oslo, Norway). All statistical analyses were
carried out with the SPSS software, version 24 (IBM
Corp, Armonk, NY, United States). Patient demographic
characteristics were summarized as median (interquartile
range) for continuous variables and as percentage of
subgroup totals for categorical variables. Sensitivity
and specificity were estimated with corresponding 95%
confidence intervals (CIs) that were calculated using the
exact binomial distribution.

CE

Patients underwent standard bowel preparation with
sodium phosphate. CE was performed with standard
definition endoscope (CF190 colonoscope; Olympus,
Tokyo, Japan) and only carried out when the quality
of bowel preparation was adequate (n = 67/68). The
colonoscope was advanced to the cecum and during
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CE was performed in 67 patients with extensive UC. A
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Table 2 Histologic diagnosis of the seven neoplastic lesions detected among the 67 total patients with long-standing and extensive
ulcerative colitis
Sex

Age (yr)

Male
Male
Male
Male
Female
Male
Female
Total

HGD

Adenocarcinoma

Targeted biopsy

LGD
Nontargeted biopsy

Targeted biopsy

Targeted biopsy

1

7

4

11
12

1
1
1

1

4

2

34
67
49
33
36
44
52

4

1
2
11

Total
13
1
2
1
1
1
2
21

1

Adenocarcinoma stage T3N1MO in patient with primary sclerosing cholangitis; 2Adenocarcinoma stage T2N0M0. No neoplasia was found in biopsies
despite high suspicion of malignancy at endoscopy. Adenocarcinoma was subsequently verified in the resected surgical specimen. LGD: Low-grade
dysplasia; HGD: High-grade dysplasia.

was 1 (range: 0-6). The distribution and findings from
endoscopic and histologic evaluations of the lesions are
described in detail in Figure 2 and Tables 2 and 3. Ten of
the visualised lesions harboured neoplasia, resulting in a
dysplasia detection yield of 20.8% for targeted biopsies.
Among the 318 nontargeted biopsies, 11 harboured
LGD, resulting in a dysplasia detection yield of 3.5% for
nontargeted biopsies.

Extensive
Ulcerative colitis
n = 156
Excluded, n = 81
Colectomy due to:
Refractory colitis, n = 32
Colorectal cancer, n = 5
Dysplasia, n = 1
Other:
Metastasized colorectal cancer, n = 1
Dead/unavailable, n = 8
Extensive colitis < 8 yr, n = 34

Macroscopic evaluation

Correct classification by the endoscopists was achieved
for 307 of the 345 nondysplastic sites/lesions and 10
of the 21 dysplastic sites/lesions. On the other hand,
11 of the 21 dysplastic lesions were assessed as
nondysplasia, whereas 38 of the 345 nondysplastic sites
/lesions were assessed as dysplasia. As a result, the
sensitivity and specificity for the macroscopic evaluation
of neoplasia using CE were 48% (95%CI: 26%-70%)
and 96% (95%CI: 93%-98%), respectively. The
positive predictive value was 42% (95%CI: 27%-59%)
and the negative predictive value (NPV) was 97%
(95%CI: 95%-98%).

Eligible for study
n = 75
Inadequate bowel
preparation, n = 1
Unwilling to undergo
colonoscopy, n = 4
Lost to follow-up, n = 3
Included
n = 67

Follow-up of patients with colonic neoplasia

Figure 1 Flowchart of patient inclusion for this study.

In 2 of the 7 patients with LGD, the dysplasia was
detected solely by nontargeted biopsies taken during
a CE described as macroscopically normal. Follow-up
with colonoscopy neither confirmed nor revealed any
further dysplasia for either patient. In another 2 of the
7 patients, the LGD was detected solely by targeted
biopsies. In yet another 2 of the 7 patients, nontargeted
biopsies confirmed a field effect by detecting LGD
when dysplastic lesions were identified elsewhere in
the colorectum by targeted biopsies; during intensified
follow-up colonoscopy, no further dysplasia was
detected after 2.5 years follow-up (range: 2-5 years) in
these patients.
In 1 of the 7 patients with neoplasia, nontargeted
biopsies showed multifocal fields of LGD synchronous
with targeted biopsies that showed multifocal lesions
with HGD and adenocarcinoma. The patient had
primary sclerosing cholangitis and proctocolectomy

total of 21 neoplastic lesions were detected in 7 of the
67 patients, including 10 (comprised of 2 CRC, 4 HGD
and 4 LGD) identified by targeted biopsies and 11 (all
LGD) by nontargeted biopsies.

Dysplasia detection rate

Neoplasia was detected in 7 of the total 67 patients,
giving a dysplasia detection rate of 10.5%. In 4,
neoplasia was detected from both targeted and non
targeted biopsies. In 2, dysplasia was detected by
nontargeted biopsies alone. In 1, adenocarcinoma was
diagnosed after partial colonic resection.

Dysplasia detection yield

A total of 48 lesions were visualised in 16 of the total
67 patients. The median number of lesions per patient
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by nontargeted biopsies alone. The neoplasia detection
rate for the 7 of the 67 total patients in the present
study is similar to that found in studies performed in
tertiary referral centres (11.2%). It is important to note,
however, that the present study was conducted in a
community hospital in which patients may present with a
less aggressive UC than seen in advanced units.
The neoplasia detection yield of the present study
was 20.8%, which is lower than the average rate
[12]
of 14% found by Mooiweer et al
in several prior
randomized trials. The endoscopists in our study were
able to accurately rule-out neoplasia (NPV = 97%);
thus, when the endoscopists evaluated the lesion as
benign, the probability of dysplasia was minimal (3%).
These results are in line with a recent prospective
multicentre cohort study in which both CE novice
endoscopists and CE expert endoscopists evaluated
[17]
lesions, and had a high NPV . That same study found
a sensitivity of 70% for CE, which is lower than the
pooled sensitivity of 91% reported from a recent meta[17,18]
analysis
. In the present study, the sensitivity for
the detection of LGD by CE was modest, which could be
related to the endoscopists’ lack of prior CE experience.
Alternatively, these results support the presence
of “invisible” dysplasia. In our cohort, “invisible”
dysplasia was rare in the absence of dysplastic lesions
elsewhere in the colon, similar to findings reported by
[9,19]
Matsumoto et al
and underlining the concept of field
[9,19]
cancerization in UC
. The results must, however,
be evaluated with caution due to the size of the study
sample and the low observed rate of cases.
The clinical importance of dysplasia detected
through random biopsies is debatable. In the present
study, the dysplasia detection yield was 3.5% for
nontargeted biopsies compared to a 20.8% for targeted
biopsies. The nontargeted biopsies were primarily taken
not to detect neoplasia but to evaluate the grade of
mucosal inflammation. In line with previous studies,
the low dysplasia yield of nontargeted biopsies leads to
[7,8,17,20,21]
questions about their clinical value
. Also, the
follow-up of the patients in which LGD was detected
by nontargeted biopsy alone did not reveal any further
dysplasia. However, a recent study has suggested
that despite a low bioptic neoplasia yield, nontargeted
biopsies are advisable in patients with inflammatory
[21]
bowel disease and related high risk of CRC .
Clinical guidelines recommend the first surveillance
colonoscopy to be performed between 8-10 years after
the diagnosis of UC, with ensuing colonoscopies based
on individual risk. In our cohort, the median time until
the next scheduled colonoscopy was 24 mo, which is in
[3]
accordance with guidelines .
The visualisation of small lesions harbouring
dysplasia may have been hampered by inflammation
surrounding multifocal lesions. However, the minimal
level of inflammatory changes in those patients in who
dysplasia was diagnosed by nontargeted biopsies only
did not likely impede the detection.

Table 3 Morphology and histology findings for the 16
bioptic sites of the 67 total patients with long-standing and
extensive ulcerative colitis
Morphology
Targeted biopsy
Nonpolypoid
Flat lesion

Superficial elevated

Polypoid
Pedunculated
Nonpedunculated
Sessile with central ulceration
Sessile

Histology

n

No neoplasia
LGD
HGD
No neoplasia
HGD
Adenocarcinoma

26
2
11
10
11
1

No neoplasia
LGD
LGD
HGD
Adenocarcinoma
IND

1
1
1
21
11
1

No neoplasia
LGD

307
11
366

Nontargeted biopsy

Total
1

Concomitant primary sclerosing cholangitis. HGD: High-grade dysplasia;
IND: Indefinite dysplasia; LGD: Low-grade dysplasia.

was performed. Finally, adenocarcinoma was detected
after partial resection of the colon in 1 of the 7 patients
for who endoscopy had raised suspicion of malignancy,
whereas targeted biopsies of this area were normal on
two consecutive colonoscopies. After surgery, no further
neoplasia was detected during 3 years of intensified
follow-up colonoscopies.

Mucosal inflammation

No signs of histologic inflammation were recorded in
93 of the 366 bioptic sites. A total of 237 had Mayo
grade 0-1 and 39 had Mayo grade 2-3. The presence of
neoplasia in relation to histologic inflammatory changes
is described in detail in Table 4.

Schedule of surveillance colonoscopy

The median time from the prior “prestudy” surveillance
colonoscopy (n = 61/67) until the next scheduled
colonoscopy was 24 mo (range: 0-96 mo). The median
time from the prior “prestudy” surveillance colonoscopy
(n = 66/67) until the study CE was 26 mo (range: 1-105
mo).

DISCUSSION
This prospective cohort study performed in a com
munity hospital suggests that, although novice to CE,
endoscopists were able to accurately evaluate the
absence of neoplasia during real-life surveillance of
patients with UC. Neoplasia was detected by targeted
biopsies in 5 of the 67 total patients, of whom 2 had
a field effect confirmed by nontargeted biopsies. Two
additional patients were diagnosed with LGD in the colon
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Table 4 Histologic grade of inflammation in the biopsies taken from all 67 patients

1

Mayo 0

Mayo 1

133
3
0
0
136

83
12
2
1
98

No dysplasia/IND
LGD
HGD
CRC
Total

Grade of inflammation
Mayo 2
Mayo 3
33
0
2
1
36

No signs of previous
inflammation
93
0
0
0
93

3
0
0
0
3

Total
345
15
4
2
366

1

Inactive colitis. CRC: Colorectal cancer; HGD: High-grade dysplasia; IND: Indefinite dysplasia; LGD: Low-grade dysplasia.

Random biopsies 4 LGD

1

1

Non-polypoid flat 1 HGD
Non-polypoid elevated 1 CRC
Non-polypoid flat 2 LGD

Right
flexure

Random biopsies 3 LGD

Ascending
colon

1

Non-polypoid elevated 1 HGD

Transverse
colon

Left
flexure

1

Polypoid sessile 1 HGD

Descending
colon

Polypoid pedunculated 1 LGD

1

1

Polypoid non-pedunlulated 1 LGD

Cecum

Sigmoideum

Random biopsies 4 LGD
Rectum

1

1

Polypoid sessile 1 CRC
1

Polypoid sessile 1 HGD

Figure 2 Distribution and findings of endoscopic and histologic evaluation of the 21 total neoplastic lesions found in this study. 1Lesions detected in
patient with know primary sclerosing cholangits.

In the present study, current or previous inflam
matory changes were found to be present around all
dysplastic lesions, including for nontargeted biopsies
harbouring lesions with LGD. These results support
[22]
the findings of Watanabe et al , who suggested that
random biopsies may be omitted in the absence of
previous or current inflammation.
We recognize that the present study has several limita
tions. The adenoma detection rate of the endoscopists is
not currently implemented in Norway and therefore not
available for the endoscopists in the present study. Both
endoscopists had however substantial experience in nonCE endoscopy. The present study reflects the everyday
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clinical world in this location. Each CE was performed
with standard and not high-definition endoscopes,
which may have affected the detection of lesions. The
prospective cohort design of the study minimizes patient
selection bias; however, the sample size is moderate,
although considerable effort was spent on the inclusion
of patients. Patients may have been reluctant to undergo
colonoscopy. Low compliance rates for surveillance
endoscopy have previously been described, although the
[23]
reasons remain unclear . Additionally, although all the
patients in the sample carry an increased risk of colonic
neoplasia, the low observed rate of neoplasia resulted in
wide CIs around sensitivity estimates for the detection of
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dysplastic lesions.
Despite the limitations outlined above, the results
of the present study are thought to reflect the real-life
scenario of dysplasia surveillance in UC in a communitybased hospital in Norway, which could represent the
typical setting in similar hospitals in Europe where CE is
not routinely applied.
In conclusion, the present study suggests that,
although lacking in previous CE expertise, the endo
scopists were able to accurately evaluate the absence of
neoplasia. The yield of nontargeted biopsies with LGD
was negligible, and LGD appears to be present in mucosa
with signs of histologic inflammation. Finally, dysplasia
in endoscopically unsuspicious appearing mucosa seems
to occur mostly when visible neoplasia is diagnosed
elsewhere in the colon. Although further larger studies
are needed, CE seems to be of value for surveillance of
neoplasia in UC in a community hospital setting.
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Abstract
AIM
To prospectively investigate the efficacy and safety of clipflap assisted endoscopic submucosal dissection (ESD) for
gastric tumors.

Informed consent statement: All study participants provided
written informed consent prior to study enrolment.
Conflict-of-interest statement: None of the authors have any
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METHODS
From May 2015 to October 2016, we enrolled 104 pa
tients with gastric cancer or adenoma scheduled for
ESD at Shiga University of Medical Science Hospital.
We randomized patients into two subgroups using the
minimization method based on location of the tumor
(upper, middle or lower third of the stomach), tumor size
(< 20 mm or > 20 mm) and ulcer status: ESD using an
endoclip (the clip-flap group) and ESD without an endoclip
(the conventional group). Therapeutic efficacy (procedure
time) and safety (complication: Gastrointestinal bleeding
and perforation) were assessed.

INTRODUCTION
Endoscopic submucosal dissection (ESD) is a procedure
that enables en bloc resection of gastric neoplastic
lesions that are difficult to resect via conventional en
[1,2]
doscopic mucosal resection (EMR) . ESD is first-line
[3-5]
treatment for early-stage gastrointestinal cancer .
Treatment of relatively large lesions and lesions with
peptic ulcers, ulcer scars, or fibrosis increases operating
time, and increases the risk of adverse events such
as perforation and bleeding from the artificial ulcer
[6-10]
produced
. Poor visualization in the resection area also
results in longer procedure times and their associated
adverse events. Poor visualization may be associated
with lesion size, histological type, location, ulcer status,
condition of the gastric mucosa, and the degree of
[11,12]
operator experience
. Although precise visualization
is important to perform ESD safely, the gold standardized
method for resection by ESD for all of patients with earlystage gastrointestinal cancer has not been established.
To create a mucosal flap at the early phase after
starting ESD procedure is important to prevent com
[13]
plications . The efficacy and safety of several traction
[14]
systems, such as sinker assistance , magnetic anchor
[15]
[16]
guidance , use of a clip with a line , use of a spring[17]
[18]
action clip , the clip-band technique , and the double[19]
channel scope method . These traction methods are
complicated to perform safety and correctly. Recently,
[20-22]
Yamamoto et al
reported on the efficacy of the clipflap method, in which an endoclip is used to substitute
for the mucosal flap until it is formed, for ESD of large
colorectal tumors. This method is simple and effective in
most cases with colorectal tumors, even in the presence
of submucosal fibrosis or with a vertical approach.
However, it is unknown whether the clip-flap method is
appropriate for patients with early-stage gastric tumors.
Because the clip-flap techniques differ between ESD
of colorectal tumors and gastric tumors, we wished to
assess the efficacy of the clip-flap method for gastric
tumor ESD.

RESULTS

En bloc resection was performed in all patients. Four

patients had delayed bleeding (3.8%) and two had
perforation (1.9%). No significant differences in en
bloc resection rate (conventional group: 100%, clip
flap group: 100%), curative endoscopic resection rate
(conventional group: 90.9%, clip flap group: 89.8%, P
= 0.85), procedure time (conventional group: 70.8 ±
46.2 min, clip flap group: 74.7 ± 53.3 min, P = 0.69),
area of resected specimen (conventional group: 884.6
± 792.1 mm2, clip flap group: 1006.4 ± 1004.8 mm2,
P = 0.49), delayed bleeding rate (conventional group:
5.5%, clip flap group: 2.0%, P = 0.49), or perforation
rate (conventional group: 1.8%, clip flap group: 2.0%,
P = 0.93) were found between the two groups. Lessexperienced endoscopists did not show any differences
in procedure time between the two groups.
CONCLUSION
For patients with early-stage gastric tumors, the clipflap method has no advantage in efficacy or safety
compared with the conventional method.
Key words: Gastric cancer; Clip flap method; Endoscopic
submucosal dissection; Procedure time; Complication;
Randomized clinical trial
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: We conducted a prospective study to investigate
efficacy of the clip-flap method of endoscopic submucosal
dissection (ESD) for early-stage gastric tumor. Recently,
although the efficacy of the clip-flap method for ESD
of large colorectal tumors is shown, we failed to show
advantage of clip-flap method in efficacy or safety
compared with the conventional method. Efficacy of clipflap method-assisted ESD for gastric tumors may be
limited, especially in cases with large size of tumor and
with difficulty to make mucosal flap.

We prospectively compared the efficacy (i.e., procedure
time) and safety (i.e., incidence of complications) of the
clip-flap method in ESD of tumors in different locations
(upper, middle or lower third of the stomach), sizes (<
20 mm or > 20 mm), ulcer status (positive or negative),
Kyoto classification of gastric mucosa, Helicobacter pylori
(H. pylori) infection status, and operator experience.

Patients

We enrolled 104 patients who were scheduled to under
go ESD for gastric cancers or gastric adenomas at Shiga
University of Medical Science Hospital from May 2015
to October 2016 (Figure 1). Inclusion criteria were age
> 20 years and the diagnosis of gastric adenoma or
clinical early-stage gastric cancer, irrespective of H. pylori
infection. Early-stage gastric cancers were clinically

Ban H, Sugimoto M, Otsuka T, Murata M, Nakata T, Hasegawa H,
Inatomi O, Bamba S, Andoh A. Usefulness of the clip-flap method
of endoscopic submucosal dissection: A randomized controlled
trial. World J Gastroenterol 2018; 24(35): 4077-4085 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i35/4077.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i35.4077
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Enrollment

Assessed for eligibility (n = 117)

Excluded (n = 13)
No informed consent (n = 9)
Non-adaptation lesion (n = 4)

Randomized (n = 104)

Intervention

Conventional group (n = 55)
Received assigned intervention (n = 55)
Did not reveive assigned intervention (n = 0)

Clip flap group (n = 49)
Received assigned intervention (n = 49)
Did not reveive assigned intervention (n = 0)

Analysis

Analyzed (n = 50)
Not within inclusion criteria on histological
evaluation (n = 5)

Analyzed (n = 44)
Not within inclusion criteria on histological
evaluation (n = 5)

Figure 1 Flow diagram of this study. We enrolled 117 patients who were scheduled to undergo ESD for gastric tumors from May 2015 to October 2016. A total of
104 patients were randomized to the conventional and the clip-flap groups. After ESD, ten patients had a lesion outside the inclusion criteria of early-stage gastric
cancer. ESD: Endoscopic submucosal dissection.

diagnosed using endoscopy, endoscopic ultrasonography,
histopathology, and computed tomography. The criteria
of early-stage gastric cancer were: (1) An intramucosal
intestinal-type cancer without ulcerative lesion,
regardless of tumor size; (2) intramucosal intestinal-type
cancer with ulcerative lesion, ≤ 3 cm in size; and (3)
intramucosal diffuse-type cancer ≤ 2 cm in size without
ulcerative lesion. Exclusion criteria were advanced-stage
gastric cancer and lack of informed consent. Written
informed consent was obtained from all other patients,
and approval for the study protocol was given in advance
by the Institutional Review Board of the Shiga University
of Medicine Science (Number: 26-207). This trial was
registered in the University Hospital Medical Information
Network, UMIN 000018199.

(positive or negative), we randomized patients with
early-stage gastric tumor into two groups: ESD using
an endoclip (EZCLIP, HX-610-135; Olympus, Tokyo,
Japan) to make the mucosal flap (clip-flap group) (n =
49) and ESD without an endoclip (conventional group)
(n = 55) (Figure 1). Procedure time was calculated as
the time from the beginning of submucosal injection to
the end of submucosal dissection. We performed ESD
for patients receiving anti-thrombotic drugs according to
the guideline for endoscopic procedures in antithrombotic
drug-users from Japan Gastroenterological Endoscopy
Society on July 2012.
Curative endoscopic resection rate was decided
as lesion within criteria of early-stage gastric cancer.
Delayed bleeding was defined as postprocedural bleeding
with hematemesis or melena requiring endoscopic hemo
stasis, decrease in the hemoglobin level by > 2 g/dL.
Primary endpoint of this study was to clarify the re
duction effects of procedure time in the clip-flap-assisted
ESD for early-stage gastric cancers compared with the
conventional ESD. Secondary endpoint were to compare
with incident rates of ESD-associated complications,
such as bleeding and perforation, between two kinds of
treatment methods, and to clarify efficacy of the clipflap-assisted ESD for en bloc resection rate of gastric
neoplastic lesions.

Study design

This study was a prospective randomized trial to assess
the efficacy of clip-flap-assisted ESD with regard to
operation time and incidence rates of ESD-induced
complications in relation to endoscopist experience, cha
racteristics of gastric tumor (i.e., size, differentiation and
location), and Kyoto classification of gastric mucosa.
Using the minimization method based on location of the
tumor (upper, middle or lower third of the stomach),
tumor size (< 20 mm or > 20 mm) and ulcer status
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A

B

D

E

C

Figure 2 Clip-flap methods. A: The mucosal circumference incision of gastric tumor is performed in the conventional manner; B: A deeper cut is made at the point
attached the endoclip; C: The endoclip is attached to the exfoliated mucosa. The head of the endoclip falls slightly toward the gastric lumen, allowing the attachment
to be easily inserted under the endoclip; D: The attachment is inserted under the endoclip, and then the mucosa and submucosal layer are elevated by the endoclip; E:
The gastric tumor is dissected with the endoknife under direct vision.
[23,24]

After pathological evaluation of ESD sample, we
excluded patients with gastric tumor penetrating > 500
μm from the muscularis mucosa into the submucosa.

was characterized by the Kyoto classification
. Ac
cording to the Kyoto classification of gastritis, patients are
scored according to atrophy (none: A0, atrophic patterns
with a margin between the non-atrophic fundic mucosa
and atrophic mucosa located in the lesser curvature of
the stomach: A1, and atrophic patterns whose margin
does not cross the lesser curvature: A2), intestinal
metaplasia (none: IM0, within antrum: IM1, and up to
corpus: IM2), hypertrophy of gastric folds (negative:
H0, positive: H1), and diffuse erythema (negative: DR0,
[23,24]
mild: DR1, severe: DR2)
.

ESD procedure

ESD was carried out with a single channel endoscope
(GIF-H290Z; Olympus, Tokyo, Japan). We used a dual
knife (KD-650; Olympus, Tokyo, Japan) as the cutting
device, and an electrical current was applied using an
electrosurgical generator (VIO300D; ERBE Elektromedizin
GmbH, Tubingen, Germany). Visible vessels were heatcoagulated using hemostatic forceps (Coagrasper G; FD412LR, Olympus, Tokyo, Japan).
In the clip-flap group, after the mucosal circumference
of the tumor was incised in the conventional manner,
an edge of the exfoliated mucosa was grasped with an
endoclip (Figure 2). The endoscope attachment was
slipped under the endoclip, and the submucosal layer
was then dissected with the endoknife. After creating the
mucosal flap, ESD was performed in the conventional
manner. We divided endoscopists into two groups;
experts (higher that 50 procedure experiences, n = 2)
and beginner (less than 50 procedure experiences, n = 3).

Statistical analysis

Age, body weight, body mass index, and ESD procedure
time are expressed as mean ± standard deviation (SD).
Statistically significant differences in these parameters
between the clip-flap group and the conventional group
were determined using one-way ANOVA and Fisher’s
exact tests. All P values were two-sided, and P < 0.05
was considered statistically significant. Calculations were
conducted using commercial software (SPSS version 20,
IBM Inc; Armonk NY, United States).
The sample size and the study power were calcu
lated by using our previous data of procedure time of
conventional ESD method for gastric tumor (80 min). We
chose an unmatched case-control study design (assuming
1 conventional ESD per clip-flap-assisted ESD) and
hypothesized that clip-flap-assisted ESD reduced 25%
of procedure time compared with conventional ESD
method. For the desired power of our study of 80%
with a significance level of 0.05 in a two-sided test, at

H. pylori infection

H. pylori infection status was determined with an
anti-H. pylori IgG serological test (E plate Eiken H. pylori
antibody®; Eiken Chemical Co. Ltd., Tochigi, Japan).

Evaluation of endoscopic gastric mucosa

The endoscopic severity of H. pylori-associated gastritis
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Table 1 Characteristics of patients scheduled to undergo endoscopic submucosal dissection between those with or without endoclip

Number (n)
Age (yr)
Sex (male : female)
Body weight (kg)
BMI (kg/m2)
Drugs, n (%)
Anticoagulants
Antihypertensive dugs
Oral hypoglycemics
Cholesterol-lowering agents
H. pylori infection (positive)
Hemodialysis, n (%)
Kyoto classification of gastric mucosa
Atrophy (A0:A1:A2)
Intestinal metaplasia (IM0:IM1:IM2)
Diffuse redness (DR0:DR1 :DR2)
Tumor
Histological diagnosis (adenoma/cancer)
Differentiation (tub1 + tub2/por + sig)
Depth (m/sm)
Location (upper third/middle/lower)
Major axis of tumor (mm)
ESD
Procedure time (min)
Area of resected specimen (mm2)
En bloc resection rate (n, %)
Curative endoscopic resection rate (n, %)
Coagulation of vessels at 2nd look (n, %)
Delayed bleeding (n, %)
Perforation (n, %)
Operator
Procedure times (< 50 cases)

Total

Conventional group

Clip-flap group

P value

104
70.1 ± 8.3
80:24
59.0 ± 11.2
22.2 ± 3.1

55
69.0 ± 9.5
42:13
58.0 ± 11.0
21.7 ± 2.9

49
71.2 ± 6.5
38:11
60.2 ± 11.5
22.8 ± 3.3

0.17
0.89
0.34
0.08

19 (18.3)
56 (53.8)
16 (15.4)
25 (24.0)
36 (34.6)
0 (0)

11(20.0)
25 (45.5)
8 (14.5)
13 (23.6)
16 (29.1)
0 (0)

8 (16.3)
31 (63.3)
8 (16.3)
12 (24.5)
20 (40.8)
0 (0)

0.63
0.07
0.80
0.91
0.21
-

3:7:94
8:36:60
47:24:33

2:4:49
5:15:35
26:13:16

1:3:45
3:21:25
21:11:17

0.86
0.24
0.83

9/95
92/3
82/13
10/37/57
18.5 ± 13.4

6/49
48/1
42/7
7/20/28
17.5 ± 11.8

3/46
44/2
40/6
3/17/29
19.7 ± 15.1

0.39
0.52
0.86
0.47
0.39

72.6 ± 49.5
962 1 ± 896.2
104 (100)
94 (90.4)
28 (26.9)
4 (3.8)
2 (1.9)

70.8 ± 46.2
884.6 ± 792.1
55 (100)
50 (90.9)
16 (29.6)
3 (5.5)
1 (1.8)

74.7 ± 53.3
1006.4 ± 1004.8
49 (100)
44 (89.8)
12 (25.0)
1 (2.0)
1 (2.0)

0.69
0.49
0.85
0.60
0.37
0.93

83

43

40

0.66

A0: No atrophic pattern; A1: Atrophic patterns with a margin between the non-atrophic fundic mucosa and atrophic mucosa located in the lesser curvature
of the stomach; A2: Atrophic patterns; whose margin does not cross the lesser curvature; BMI: Body mass index; DR0: No diffuse erythema; DR1: Mild
diffuse erythema; DR2: Severe diffuse erythema; IM0: No intestinal metaplasia; IM1: Intestinal metaplasia within antrum; IM2: Intestinal metaplasia up to
corpus; lower: Lower third of the stomach; m: mucosal layer; middle: Middle third of the stomach; por: Poorly differentiated adenocarcinoma; sig: Signet
ring cell carcinoma; sm: Submucosal layer; tub1: Well differentiated adenocarcinoma; tub2: Moderately differentiated adenocarcinoma; upper: Upper third
of the stomach; ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

= 9) and non-adaptation lesion (n = 4). There were no
significant differences in demographic characteristics (age,
sex, body weight, BMI, received drugs, H. pylori infection
rate), Kyoto classification, or clinical characteristics of
gastric neoplasms (i.e., histological diagnosis, depth,
location and size) between the conventional group and
the clip-flap group (Table 1).

least 100 patients by conventional ESD method and
100 patients by clip-flap-assisted ESD were required.
At first, we decided to conduct an intermediate
analysis when total patients for gastric tumor reached
100, half of required total patients. If there was no
significant difference of efficacy between both regimens
at an intermediate analysis, we decided to stop the
examination.

ESD procedure

All patients underwent en bloc resection. The curative
endoscopic resection rate within the criteria of early-stage
gastric cancer was 90.4% (94/104). In histopathological
evaluation after ESD, lesions of nine patients did not
meet the inclusion criteria of clinical early-stage gastric
cancer. Five patients had tumor > 500 μm from the
muscularis mucosa, 2 had tumors > 3 cm in size with
submucosal layer invasion, 2 had diffuse-type adeno
carcinoma > 2 cm in size, and 1 had a tumor > 3 cm in
size with ulceration (Table 1).
The mean area of resected specimens was 962.1 ±
2
896.2 mm and mean procedure time was 72.6 min ±
49.5 min. ESD-related adverse events included delayed
bleeding in 4 patients (3.8%) and perforation in 2 (1.9%)

RESULTS
At an intermediate analysis after enrolling half of required
patients, because the reduction effect of procedure
time as primary endpoint of this study was similar
between two kinds of methods, we decided to stop the
examination as initial protocol.

Characteristics of patients with gastric tumors

Of 117 patients undergoing ESD from May 2015 to
October 2016, 104 patients were randomized into two
groups: The conventional group (n = 55) and the clipflap group (n = 49) (Figure 1). Thirteen patients were
excluded due to the withholding of informed consent (n
WJG|www.wjgnet.com
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Table 2 Efficacy by procedure time of endoscopic submucosal dissection for gastric tumors within inclusion criteria
Conventional group
(n = 50)
Procedure time (min)
H. pylori infection
Kyoto classification of gastric mucosa
Atrophy
Intestinal metaplasia
Tumor
Histological diagnosis
Differentiation
Depth
Location

Major axis of tumor (mm)

ESD
Area of specimen (mm2)

Coagulation of vessels at 2nd look
Delayed bleeding (n, %)
Perforation (n, %)
Operator
Procedure times

Clip-flap group
(n = 44)

P value

Positive
Negative

67.3 ± 44.9
64.1 ± 27.8 (n = 15)
68.6 ± 50.7 (n = 35)

67.6 ± 48.4
65.6 ± 53.1 (n = 19)
69.1 ± 45.5 (n = 25)

0.98
0.92
0.98

A2
A0 + 1
IM2
IM0 + IM1

68.7 ± 45.2 (n = 44)
57.2 ± 44.8 (n = 6)
71.6 ± 45.8 (n = 31)
60.2 ± 43.6 (n = 19)

70.3 ± 49.7 (n = 40)
40.3 ± 17.6 (n = 4)
65.2 ± 45.2 (n = 22)
70.0 ± 52.3 (n = 22)

0.87
0.50
0.62
0.53

Adenoma
Cancer
tub1 + tub2
Por + sig
m
sm
Upper
Middle
Lower
< 10
10 <, < 20
20 <

36.5 ± 11.1 (n = 6)
71.5 ± 46.1 (n = 44)
71.1 ± 46.6 (n = 43)
90 (n = 1)
71.4 ± 47.2 (n = 42)
74.0 ± 1.4 (n = 2)
119.8 ± 60.9 (n=6)
74.8 ± 37.3 (n = 19)
49.0 ± 34.7 (n = 25)
50.0 ± 35.9 (n = 24)
72.3 ± 46.2 (n = 16)
100.8 ± 44.9 (n = 10)

58.0 ± 40.2 (n = 3)
68.3 ± 49.3 (n = 41)
69.0 ± 49.7 (n = 40)
40 (n = 1)
62.7 ± 40.1 (n = 38)
139.6 ± 97.1 (n = 3)
158.5 ± 101.1 (n=2)
91.4 ± 52.1 (n = 14)
49.2 ± 28.0 (n = 28)
46.6 ± 31.0 (n = 20)
59.8 ± 23.7 (n = 14)
120.5 ± 64.5 (n = 10)

0.24
0.76
0.85
0.38
0.43
0.52
0.29
0.98
0.74
0.37
0.44

< 500
500 <, < 1000
1000 <
Done
No

33.8 ± 14.0 (n = 22)
72.6 ± 38.4 (n = 16)
86.0 ± 32.1 (n = 12)
69.5 ± 38.4 (n = 13)
66.5 ± 47.4 (n = 37)
105.7 ± 23.7 (n = 3)
71 (n = 1)

53.2 ± 51.7 (n = 15)
71.1 ± 29.3 (n = 23)
138.5 ± 79.3 (n = 9)
67.4 ± 28.8 (n = 12)
67.6 ± 52.6 (n = 35)
80 (n = 1)
234 (n = 1)

0.17
0.89
0.06
0.89
0.92
-

< 50 times
> 50 times

61.1 ± 37.1 (n = 39)
89.3 ± 62.9 (n = 11)

58.8 ± 32.1 (n = 36)
107.0 ± 83.9 (n = 8)

0.78
0.60

A0: No atrophic pattern; A1: Atrophic patterns with a margin between the non-atrophic fundic mucosa and atrophic mucosa located in the lesser curvature
of the stomach; A2: Atrophic patterns; whose margin does not cross the lesser curvature; BMI: Body mass index; DR0: No diffuse erythema; DR1: Mild
diffuse erythema; DR2: Severe diffuse erythema; IM0: No intestinal metaplasia; IM1: Intestinal metaplasia within antrum; IM2: Intestinal metaplasia up to
corpus; lower: Lower third of the stomach; m: mucosal layer; middle: Middle third of the stomach; por: Poorly differentiated adenocarcinoma; sig: Signet
ring cell carcinoma; sm: Submucosal layer; tub1: Well differentiated adenocarcinoma; tub2: Moderately differentiated adenocarcinoma; upper: Upper third
of the stomach; ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

(Table 1). There were no significant differences in Kyoto
classification, background of tumor, en bloc resection
rate, curative endoscopic resection rate, procedure
time, area of resected specimens, or complication rate
between the two groups.
In analysis of efficacy for treatment methods in
patients within inclusion criteria, all parameters, such
as H. pylori infection, background of gastric mucosa,
characteristics of tumor, and ESD-related factors, pro
cedure time of ESD were similar between two groups
(Table 2). In addition, the clip-flap method had no effect
on procedure time, regardless of operator experience.
As shown in previous reports, there were significance
in the difference of procedure time between tumor size
(< 20 mm or > 20 mm) and location of tumor (upper
and middle or lower), whereas the clip-flap method was
selected or not.

the same in both groups (Table 3).

DISCUSSION
We wished to clarify the efficacy and safety of the clipflap assisted ESD for patients with early-stage gastric
tumors, looking at the effect of operator experience
as well as other factors. We however failed to show
any benefits of the clip-flap method (en bloc resection,
procedure time and complication). Although this method
is efficacious for patients with colorectal tumors, our
observations suggest that it does not improve rate of en
bloc resection, procedure time of ESD and safety (bleeding
and perforation) in patients with gastric tumors.

Clip-flap method-assisted ESD

To prevent ESD-associated complications, such as
perforation and unexpected bleeding, it is crucial to
ensure good visualization of the submucosal layer
[13-19]
by creating a mucosal flap
. When the clip-flap
method was selected as treatment for patients with

Risk factors for prolonged procedure time in
conventional and clip-flap assisted ESD

Factors associated with prolonged procedure time were
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Table 3 Univariate analysis of parameters for delayed procedure time of endoscopic submucosal dissection
Parameters
Age (yr)
> 70
Sex
Male
H. pylori infection
Positive
Kyoto classification of gastric mucosa
Atrophy (vs A0 + A1)
A2
Intestinal metaplasia (vs IM0 + IM1)
IM2
Tumor
Depth (vs m)
sm
Location (vs Lower)
Upper/middle
Major axis of tumor (mm) (vs < 10)
10 <, < 20
20 <
Ulceration
UL+
ESD
Area of specimen (mm2) (vs < 500)
500 <
Operator
Procedure experience
< 50 times

Conventional group

Clip-flap group

Odds ratio

95%CI

P value

Odds ratio

95%CI

P value

0.67
2.70
1.31

0.22-2.10
0.63-11.55
0.39-4.44

0.49
0.18
0.66

0.79
0.69

0.22-2.86
0.20-2.43

0.72
0.57

1.52
2.03

0.25-9.19.57
0.61-6.72

0.65
0.25

1.00

0.29-3.42

1.00

10.12
3.00
7.00
1.42

2.42-42.41
0.78-11.54
1.36-36.01
0.18-10.99

0.02
0.11
0.02
0.74

3.85
4.75
3.15
22.67
1.80

0.31-46.49
1.41-16.05
0.61-16.29
3.14-163.63
0.104-30.89

0.29
< 0.01
0.17
< 0.01
0.69

3.29

0.28-39.14

0.35

-

-

-

0.32

0.08-1.29

0.11

0.26

0.05-1.30

0.10

A0: No atrophic pattern; A1: Atrophic patterns with a margin between the non-atrophic fundic mucosa and atrophic mucosa located in the lesser curvature
of the stomach; A2: Atrophic patterns; whose margin does not cross the lesser curvature; BMI: Body mass index; DR0: No diffuse erythema; DR1: Mild
diffuse erythema; DR2: Severe diffuse erythema; IM0: No intestinal metaplasia; IM1: Intestinal metaplasia within antrum; IM2: Intestinal metaplasia up to
corpus; lower: Lower third of the stomach; m: mucosal layer; middle: Middle third of the stomach; por: Poorly differentiated adenocarcinoma; sig: Signet
ring cell carcinoma; sm: Submucosal layer; tub1: Well differentiated adenocarcinoma; tub2: Moderately differentiated adenocarcinoma; upper: Upper third
of the stomach; ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

early-stage gastrointestinal tumors, it was important
that the endoclip securely clipped the edge of the
exfoliated mucosa on the oral or anal side of the tumor,
excluding the deep layer of the submucosa, after the
[20-22]
mucosal circumference incision (Figure 2)
. Then the
endoscope attachment is slipped under the endoclip. If
this technique is performed, the endoclip attached to the
exfoliated mucosa acts like a surgical hook to widen the
cutting area when lifted with the endoscope attachment,
with resulting good visualization of the cutting area and
countertraction against the submucosal layer until the
[20-22]
mucosal flap is created
. In this study, there was
no benefit of the clip-flap method for gastric tumors,
irrespective of different background of gastric mucosa
(severity of gastric atrophic atrophy and inflammation),
histological diagnosis, depth, location, or size. There
were no significant differences in the results between
the conventional group and the clip-flap group between
operators of different experience. Importantly, although
operators scored superiority of the clip-flap method in
30% of ESD procedures in the visual analogue scale,
in 25% of cases the operators evaluated the clip-flap
method as inferior, usually because the head of the
endoclip interfered with the cutting edge, making ESD
more difficult. In our experience, the best way to do
this method is to property place the clip on the lesion.
[20-22]
Yamamoto et al
recommended the use of one
endoclip for each tumor, adding additional endoclips (i.e.,
a single endoclip at a different point or a cross pattern of
endoclips at same point) as needed. The endoclip cross
pattern further stabilized the visual field by providing
good countertraction when the attachment was slipped
under the endoclip. In this study, however, we used one
endoclip according to first protocol. The characteristics of
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tumors and required techniques of ESD differ between
colorectal and gastric tumors. Although fine visualization
is required to perform ESD, because ESD for patients
with gastric tumors is easy compared with that for
colorectal tumors, any merit of the clip-flap method for
gastric tumors may be minor. When considering clipflap-assisted ESD, endoscopists should select patients,
especially cases in which it is difficult to ensure a fine
visualization, and should apply the endoclip carefully so
that the head of the endoclip pushes downward.

Limitation

There were any limitations in this study, as below. First,
this study is single-center study and non double-blinded
study. Second, sample power is insufficient. Although 200
patients with gastric tumors were required for the desired
power of 80% with a significance level of 0.05 in a twosided test, because there was no significant difference
of efficacy between both regimens at an intermediate
analysis, we decided to stop the examination according
to initial protocol. Because the power of conclusions
are insufficient, we think that it will be required to
plan further study that investigate efficacy of the clipflap assisted ESD by multi-center study enrolled many
patients.

Conclusions

We conducted a prospective randomized study to investi
gate the efficacy and safety of the clip-flap methodassisted ESD for patients with early-stage gastric tumors.
We demonstrated similar resection times between the
conventional group and the clip-flap group and failed to
show any benefits of the clip-flap method for patients
with early-stage gastric tumors. However, the clip-flap
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apply the endoclip carefully so that the head of the endoclip pushes downward.

method prevented poor visualization in the cutting area
and also saved procedure time. Although, compared with
the conventional method without traction, the clip-flap
method has been proven to be advantageous for patients
with early-stage colorectal tumors, the superiority of clipflap method-assisted ESD in the stomach is unproven.

REFERENCES
1
2

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

3

The endoscopic submucosal dissection (ESD) for early-stage gastric cancer
is first-line endoscopic therapy in Japan, because of en bloc resection and
a lower local recurrence rate of gastric cancer. However, ESD often causes
development of adverse events, such as gastric bleeding and perforation. When
ESD is performed for gastric cancer, poor visualization in the resection area
during ESD procedure results in longer procedure times and their associated
development of above adverse events. Now, the gold standardized method
for resection by ESD for all of patients with early-stage gastric cancer and
adenoma has not been established in point of continuous clear visualization in
the resection area.

4

5

Research motivation

To keep clear visualization at early-phase after starting ESD procedure,
endoscopists are required to create a mucosal flap. Of several traction systems
to create mucosal flap, recently, the clip-flap method is focused, because of
safety and correctly compared with other methods. However, it is unknown
whether the clip-flap method is appropriate for patients with early-stage gastric
tumors.

6

Research objectives

The main objective was to investigate prospectively the efficacy (the rate of en
bloc resection and procedure time of ESD) and safety (gastric bleeding and
perforation) of clip-flap assisted ESD for gastric cancer and adenoma.

7

Research methods

8

We enrolled 104 patients with gastric cancer or adenoma scheduled for ESD.
Inclusion criteria were age > 20 years and the diagnosis of gastric adenoma or
clinical early-stage gastric cancer. Early-stage gastric cancers were clinically
diagnosed using endoscopy, endoscopic ultrasonography, histopathology, and
computed tomography. We randomized patients into two subgroups using
the minimization method based on location of the tumor, tumor size and ulcer
status: ESD using an endoclip (the clip-flap group) and ESD without an endoclip
(the conventional group). Therapeutic efficacy and safety were assessed.

9

10

Research results

No significant differences in en bloc resection rate (P = 1.00), curative endoscopic
resection rate (P = 0.85), procedure time (P = 0.69), area of resected specimen
(P = 0.49), delayed bleeding rate (P = 0.49), or perforation rate (P = 0.93) were
found between the clip-flap group and the conventional group.
11

Research conclusions

For patients with early-stage gastric cancer and adenoma, the clip-flap method
has no advantage in efficacy or safety compared with the conventional method.
Although operators scored superiority of the clip-flap method in 30% of ESD
procedures, in 25% of cases the operators evaluated the clip-flap method as
inferior, usually because the head of the endoclip interfered with the cutting
edge, making ESD more difficult. Therefore, the best way to do this method is
to property place the clip on the lesion.

12

Research perspectives

13

Although the clip-flap method has been proven to be advantageous for patients
with early-stage colorectal tumors compared with the conventional method,
the superiority of clip-flap method-assisted ESD in the stomach is unproven.
When considering clip-flap-assisted ESD, endoscopists should select patients,
especially cases in which it is difficult to ensure a fine visualization, and should

WJG|www.wjgnet.com

14

4084

Fujishiro M. Endoscopic submucosal dissection for stomach
neoplasms. World J Gastroenterol 2006; 12: 5108-5112 [PMID:
16937520 DOI: 10.3748/wjg.v12.i32.5108]
Sugimoto M, Jang JS, Yoshizawa Y, Osawa S, Sugimoto K, Sato
Y, Furuta T. Proton Pump Inhibitor Therapy before and after
Endoscopic Submucosal Dissection: A Review. Diagn Ther Endosc
2012; 2012: 791873 [PMID: 22851882 DOI: 10.1155/2012/791873]
Gotoda T, Yamamoto H, Soetikno RM. Endoscopic submucosal
dissection of early gastric cancer. J Gastroenterol 2006; 41: 929-942
[PMID: 17096062 DOI: 10.1007/s00535-006-1954-3]
Ono H, Yao K, Fujishiro M, Oda I, Nimura S, Yahagi N, Iishi H,
Oka M, Ajioka Y, Ichinose M, Matsui T. Guidelines for endoscopic
submucosal dissection and endoscopic mucosal resection for early
gastric cancer. Dig Endosc 2016; 28: 3-15 [PMID: 26234303 DOI:
10.1111/den.12518]
Hatta W, Gotoda T, Oyama T, Kawata N, Takahashi A, Yoshifuku
Y, Hoteya S, Nakamura K, Hirano M, Esaki M, Matsuda M, Ohnita
K, Shimoda R, Yoshida M, Dohi O, Takada J, Tanaka K, Yamada S,
Tsuji T, Ito H, Hayashi Y, Nakamura T, Shimosegawa T. Is radical
surgery necessary in all patients who do not meet the curative criteria
for endoscopic submucosal dissection in early gastric cancer? A
multi-center retrospective study in Japan. J Gastroenterol 2017; 52:
175-184 [PMID: 27098174 DOI: 10.1007/s00535-016-1210-4]
Fujishiro M, Yahagi N, Kakushima N, Kodashima S, Muraki Y, Ono
S, Kobayashi K, Hashimoto T, Yamamichi N, Tateishi A, Shimizu
Y, Oka M, Ogura K, Kawabe T, Ichinose M, Omata M. Successful
nonsurgical management of perforation complicating endoscopic
submucosal dissection of gastrointestinal epithelial neoplasms.
Endoscopy 2006; 38: 1001-1006 [PMID: 17058165 DOI: 10.1055/
s-2006-944775]
Tanaka M, Ono H, Hasuike N, Takizawa K. Endoscopic submucosal
dissection of early gastric cancer. Digestion 2008; 77 Suppl 1: 23-28
[PMID: 18204258 DOI: 10.1159/000111484]
Cao Y, Liao C, Tan A, Gao Y, Mo Z, Gao F. Meta-analysis of
endoscopic submucosal dissection versus endoscopic mucosal
resection for tumors of the gastrointestinal tract. Endoscopy 2009;
41: 751-757 [PMID: 19693750 DOI: 10.1055/s-0029-1215053]
Chung IK, Lee JH, Lee SH, Kim SJ, Cho JY, Cho WY, Hwangbo
Y, Keum BR, Park JJ, Chun HJ, Kim HJ, Kim JJ, Ji SR, Seol SY.
Therapeutic outcomes in 1000 cases of endoscopic submucosal
dissection for early gastric neoplasms: Korean ESD Study Group
multicenter study. Gastrointest Endosc 2009; 69: 1228-1235 [PMID:
19249769 DOI: 10.1016/j.gie.2008.09.027]
Ban H, Sugimoto M, Otsuka T, Murata M, Nakata T, Hasegawa H,
Fukuda M, Inatomi O, Bamba S, Kushima R, Andoh A. Letter: a
potassium-competitive acid blocker vs a proton pump inhibitor for
healing endoscopic submucosal dissection-induced artificial ulcers
after treatment of gastric neoplasms. Aliment Pharmacol Ther 2017;
46: 564-565 [PMID: 28776744 DOI: 10.1111/apt.14202]
Lim JH, Kim SG, Choi J, Im JP, Kim JS, Jung HC. Risk factors of
delayed ulcer healing after gastric endoscopic submucosal dissection.
Surg Endosc 2015; 29: 3666-3673 [PMID: 25740642 DOI: 10.1007/
s00464-015-4123-z]
Yoshizawa Y, Sugimoto M, Sato Y, Sahara S, Ichikawa H, Kagami
T, Hosoda Y, Kimata M, Tamura S, Kobayashi Y, Osawa S,
Sugimoto K, Miyajima H, Furuta T. Factors associated with healing
of artificial ulcer after endoscopic submucosal dissection with
reference to Helicobacter pylori infection, CYP2C19 genotype, and
tumor location: Multicenter randomized trial. Dig Endosc 2016; 28:
162-172 [PMID: 26331711 DOI: 10.1111/den.12544]
Toyonaga T, Nishino E, Man-I M, East JE, Azuma T. Principles
of quality controlled endoscopic submucosal dissection with
appropriate dissection level and high quality resected specimen.
Clin Endosc 2012; 45: 362-374 [PMID: 23251883 DOI: 10.5946/
ce.2012.45.4.362]
Saito Y, Emura F, Matsuda T, Uraoka T, Nakajima T, Ikematsu

September 21, 2018|Volume 24|Issue 35|

Ban H et al . Clip-flap method of ESD

15

16
17

18

19

H, Gotoda T, Saito D, Fujii T. A new sinker-assisted endoscopic
submucosal dissection for colorectal cancer. Gastrointest
Endosc 2005; 62: 297-301 [PMID: 16046999 DOI: 10.1016/
S0016-5107(05)00546-8]
Gotoda T, Oda I, Tamakawa K, Ueda H, Kobayashi T, Kakizoe
T. Prospective clinical trial of magnetic-anchor-guided endoscopic
submucosal dissection for large early gastric cancer (with videos).
Gastrointest Endosc 2009; 69: 10-15 [PMID: 18599053 DOI:
10.1016/j.gie.2008.03.1127]
Oyama T. Counter traction makes endoscopic submucosal dissection
easier. Clin Endosc 2012; 45: 375-378 [PMID: 23251884 DOI:
10.5946/ce.2012.45.4.375]
Sakamoto N, Osada T, Shibuya T, Beppu K, Matsumoto K, Mori
H, Kawabe M, Nagahara A, Otaka M, Ogihara T, Watanabe S.
Endoscopic submucosal dissection of large colorectal tumors by
using a novel spring-action S-O clip for traction (with video).
Gastrointest Endosc 2009; 69: 1370-1374 [PMID: 19403131 DOI:
10.1016/j.gie.2008.12.245]
Parra-Blanco A, Nicolas D, Arnau MR, Gimeno-Garcia AZ, Rodrigo
L, Quintero E. Gastric endoscopic submucosal dissection assisted by a
new traction method: the clip-band technique. A feasibility study in a
porcine model (with video). Gastrointest Endosc 2011; 74: 1137-1141
[PMID: 22032320 DOI: 10.1016/j.gie.2011.07.037]
Neuhaus H, Costamagna G, Devière J, Fockens P, Ponchon T,
Rösch T; ARCADE Group. Endoscopic submucosal dissection
(ESD) of early neoplastic gastric lesions using a new double-channel

20

21

22

23

24

endoscope (the “R-scope”). Endoscopy 2006; 38: 1016-1023 [PMID:
17058167 DOI: 10.1055/s-2006-944830]
Yamamoto K, Hayashi S, Nakabori T, Shibuya M, Ichiba M, Inada
M. Endoscopic submucosal dissection using endoclips to assist
in mucosal flap formation (novel technique: “clip flap method”).
Endoscopy 2012; 44 Suppl 2 UCTN: E334-E335 [PMID: 23012008
DOI: 10.1055/s-0032-1309860]
Yamamoto K, Hayashi S, Nishida T, Saiki H, Naito M, Michida
T, Ito T. Effective use of the “clip-flap” method for the endoscopic
submucosal dissection of a difficult-to-approach superficial gastric
tumor. Endoscopy 2015; 47 Suppl 1 UCTN: E318-E319 [PMID:
26115394 DOI: 10.1055/s-0034-1392319]
Yamamoto K, Hayashi S, Saiki H, Indo N, Nakabori T, Yamamoto
M, Shibuya M, Nishida T, Ichiba M, Inada M. Endoscopic
submucosal dissection for large superficial colorectal tumors using
the “clip-flap method”. Endoscopy 2015; 47: 262-265 [PMID:
25412089 DOI: 10.1055/s-0034-1390739]
Kamada T, Haruma K, Inoue K, Shiotani A. [Helicobacter pylori
infection and endoscopic gastritis -Kyoto classification of gastritis].
Nihon Shokakibyo Gakkai Zasshi 2015; 112: 982-993 [PMID:
26050720 DOI: 10.11405/nisshoshi.112.982]
Sugimoto M, Ban H, Ichikawa H, Sahara S, Otsuka T, Inatomi O,
Bamba S, Furuta T, Andoh A. Efficacy of the Kyoto Classification
of Gastritis in Identifying Patients at High Risk for Gastric Cancer.
Intern Med 2017; 56: 579-586 [PMID: 28321054 DOI: 10.2169/
internalmedicine.56.7775]
P- Reviewer: Matowicka-Karna J, Sitarz R, Zhang CW
S- Editor: Wang XJ L- Editor: A E- Editor: Yin SY

WJG|www.wjgnet.com

4085

September 21, 2018|Volume 24|Issue 35|

World J Gastroenterol 2018 September 21; 24(35): 4086-4092

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i35.4086

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

CASE REPORT

Infant cholestasis patient with a novel missense mutation
in the AKR1D1 gene successfully treated by early adequate
supplementation with chenodeoxycholic acid: A case report
and review of the literature
Hui-Hui Wang, Fei-Qiu Wen, Dong-Ling Dai, Jian-She Wang, Jing Zhao, Kenneth DR Setchell, Li-Na Shi,
Shao-Ming Zhou, Si-Xi Liu, Qing-Hua Yang
Hui-Hui Wang, Fei-Qiu Wen, Dong-Ling Dai, Shao-Ming
Zhou, Si-Xi Liu, Qing-Hua Yang, Gastroenterology Department,
Shenzhen Children’s Hospital, Shenzhen 518036, Guangdong
Province, China

in this study declare that they do not have anything to disclose
regarding funding or a conflict of interest with respect to this
manuscript. Setchell KD is a consultant to Retrophin and has
minor equity in Asklepion Pharmaceuticals.

Jian-She Wang, Jing Zhao, Center for Pediatric Liver Diseases,
Children’s Hospital of Fudan University, Shanghai 201102, China

CARE Checklist (2013) statement: The authors have read
the CARE Checklist (2013). The manuscript was prepared and
revised according to the CARE Checklist (2013).

Kenneth DR Setchell, Department of Pathology and Laboratory
Medicine, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH 45229, United States

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/

Li-Na Shi, MyGenostics Incorporation, Konggang Industrial
Park, Beijing 101318, China
ORCID number: Hui-Hui Wang (0000-0002-0469-1641);
Fei-Qiu Wen (0000-0002-3551-738X); Dong-Ling Dai
(0000-0002-3002-4631); Jian-She Wang (0000-0003-0823-586X);
Jing Zhao (0000-0002-4982-9843); Kenneth DR Setchell
(0000-0002-2472-2476); Li-Na Shi (0000-0002-7629-7301);
Shao-Ming Zhou (0000-0001-7269-4214); Si-Xi Liu
(0000-0003-1674-2685); Qing-Hua Yang (0000-0002-7325-2968).

Manuscript source: Unsolicited manuscript
Correspondence to: Dong-Ling Dai, MD, PhD, Chief Doctor,
Gastroenterology Department, Shenzhen Children’s Hospital,
7019 Yitian Road, Futian District, Shenzhen 518036, Guangdong
Province, China. daidong3529@sina.com
Telephone: +86-755-83008333
Fax: +86-755-83008333

Author contributions: Wang HH drafted the manuscript and
analyzed the data; Wen FQ, Wang JS and Zhao J contributed to
sample analysis and patients’ treatment regimens; Setchell KD
contributed to the analysis, interpretation of urinary bile acids
and finalized the manuscript; Wang HH, Dai DL, Zhou SM, Liu
SX and Yang QH were involved in patient management and
follow-up; Shi LN performed gene sequencing and analysis; Dai
DL conceived and supervised the study; Wang HH and Wen FQ
contributed equally to this work. All of the authors approved
submission.

Received: June 7, 2018
Peer-review started: June 7, 2018
First decision: June 20, 2018
Revised: July 17, 2018
Accepted: August 1, 2018
Article in press: August 1, 2018
Published online: September 21, 2018

Supported by the Guangdong Medical Research Foundation,
No. A2018550.
Informed consent statement: Consent was obtained from the
parents of the patient for publication of the case report and any
accompanying images.

Abstract
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ber D1 (AKR1D1 )] is essential for bile acid biosynthesis.
Bile acid deficiency caused by genetic defects in AKR1D1
leads to life-threatening neonatal hepatitis and cholestasis.
There is still limited experience regarding the treatment
of this disease. We describe an infant who presented with
hyperbilirubinemia and coagulopathy but normal bile acid
and γ-glutamyltransferase. Gene analysis was performed
using genomic DNA from peripheral lymphocytes from
the patient, his parents, and his elder brother. The patient
was compound heterozygous for c.919C>T in exon 8 and
exhibited a loss of heterozygosity of the AKR1D1 gene,
which led to an amino acid substitution of arginine by
cysteine at amino acid position 307 (p.R307C). Based
on these mutations, the patient was confirmed to have
primary 5β-reductase deficiency. Ursodeoxycholic acid
(UDCA) treatment did not have any effect on the patient.
However, when we changed to chenodeoxycholic acid
(CDCA) treatment, his symptoms and laboratory tests
gradually improved. It is therefore crucial to supplement
with an adequate dose of CDCA early to improve clinical
symptoms and to normalize laboratory tests.

caused by a defect in the aldo-ketoreductase family
4
1 member D1 (AKR1D1) gene, which encodes Δ -3oxosteroid 5β-reductase, the key enzyme involved in bile
[3]
acid biosynthesis . This enzyme catalyzes the reduction
4
of the ∆ -3-ketosteroid to form the AB cis ring structure;
its deficiency results in a lack of primary bile acids and
4
an increase in the synthesis of 3-oxo-Δ bile and allo-bile
[4]
acids .
[5]
In 1988, Clayton et al reported that severe liver
disease in pediatric patients was detected with pre
4
dominant unusual 3-oxo-Δ bile acids secondary to
5β-reductase deficiency. Primary 5β-reductase deficiency
[6]
was first characterized by Setchell et al the same
year. It is difficult to distinguish primary 5β-reductase
deficiency from another cholestasis secondary to a variety
of severe liver diseases based on clinical symptoms and
[1,7,8]
. Thus, genetic analysis of the
regular laboratory tests
AKR1D1 gene is essential for the accurate diagnosis of
primary 5β-reductase deficiency. Thus far, more than 20
cases of this inborn error have been reported, and over
ten variant mutations of the AKR1D1 gene are attributed
[1,7-13]
to a defect in 5β-reductase
. Most of these mutations
are missense mutations, causing an amino acid alteration
[3]
in the protein. Drury et al further investigated five
reported point mutations (L106F, P133R, P198L, G223E,
and R261C) in the AKR1D1 gene to evaluate their effects
on the enzymatic properties of 5β-reductase. They found
that these mutations result in significantly decreased
5β-reductase activity and subsequently contribute to the
progression of bile acid deficiency.
Primary bile acid supplementation can ameliorate
the symptoms of CBSA2 and normalize liver function
by offering feedback repression of the cholesterol
7α-hydroxylase gene and improving the absorption of
[14]
fat and fat-soluble vitamins . Treatment with primary
bile acids includes monotherapy or the combination
of cholic acid (CA), ursodeoxycholic acid (UDCA) and
chenodeoxycholic acid (CDCA). Early treatment of these
bile acids, especially CA and CDCA, is essential to reserve
liver function and avoid liver transplantation. A delayed
diagnosis would lead to a poor response to primary bile
acid treatment and an unfavorable prognosis. There is
still limited experience with the treatment of this disease.
Here, we describe a case of CBS2 diagnosed by genetic
analysis with a novel compound heterozygous mutation
in the AKR1D1 gene, and review both the treatments
and prognoses of genetically diagnosed CBS2 cases.

Key words: Aldo-keto reductase family 1 member D1;
Cholestasis; Congenital bile acid synthesis defect; Gene
mutation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a case of an infant with primary
4
3-oxo-Δ -steroid 5β-reductase deficiency with a novel
missense mutation in the aldo-keto reductase family 1
member D1 (AKR1D1 ) gene. The patient was successfully
treated by early adequate supplementation with
chenodeoxycholic acid (CDCA). This case suggests that a
novel compound heterozygous R307C mutation and loss
of heterozygosity in the AKR1D1 gene play a pathogenic
role in congenital bile acid synthesis defect type 2.
Accurate diagnosis of the disease and early adequate
supplementation with CDCA are vital for the amelioration
of symptoms in clinical practice.
Wang HH, Wen FQ, Dai DL, Wang JS, Zhao J, Setchell KD,
Shi LN, Zhou SM, Liu SX, Yang QH. Infant cholestasis
patient with a novel missense mutation in the AKR1D1 gene
successfully treated by early adequate supplementation with
chenodeoxycholic acid: A case report and review of the literature.
World J Gastroenterol 2018; 24(35): 4086-4092 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i35/4086.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i35.4086

CASE REPORT
A male patient was delivered via Caesarean section at
term after an uneventful pregnancy with a birth weight
of 3400 g. He was the second child of his family
and the third pregnancy of his mother. One of his
mother’s pregnancies was terminated by abortion for
social reasons. His parents were non-consanguineous
and healthy, his elder brother was healthy, and none of
them presented with any liver disease. The patient soon
developed progressive jaundice after birth, with dark

INTRODUCTION
Congenital bile acid synthesis defect type 2 (CBS2) is
a rare and autosomal recessive inherited disease pre
senting with infant intrahepatic cholestasis, normal or
slightly elevated total bile acids and γ-glutamyltransferase
[1,2]
in serum . This inborn error of bile acid synthesis is
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Table 1 Summary of the mutations reported in the AKR1D1 gene and patient prognoses
Variant

Zygotic type

Age

Sex

Treatment

Outcome

INR

Ref.

c.662C > T (p. P198L)

Homozygote

8 mo

F

Alive and well

1.00

[7]

c.511delT (frameshift)

Homozygote

8 wk

M

Homozygote

6 wk

F

c.467C > G (p. P133R)
c.850C > T (p. R261C)
c.737G > A (p. G223Q)
c.217C > T (Arg50 stop)
c.850C > T (p.R261C)
c.797G > A (p. R266Q)
c.396C > A (nonsense mutation)
c.722A >T (p. D241V)
c.866G > A (p. R266Q)

Heterozygote

8 mo

F

Liver transplantation;
alive and well
Liver transplantation
and died
Alive and well

1.40

c.385C > T (p. L106F)

CDCA 8 mg/kg/d
CA 8 mg/kg/d
CDCA 8 mg/kg/d
CA 8 mg/kg/d
UDCA 60 mg/d
CDCA 30 mg/d
CA 10 mg/kg/d

/

[10]

Heterozygote
Heterozygote
Homozygote
Heterozygote
Heterozygote

3 mo
2 mo
6 mo
11 mo
11wk

F
F
/
M
M

/
/
2.50
/
/

[8]

Heterozygote

6 mo

M

Alive and well
Liver transplantation
Died
Alive and well
Alive and cerebral
dysplasia
Alive and well

c.737G >A (p. G223E)
c.850C >T (p. R261C)
c.587delG (frameshift)
c.587delG (frameshift)
c.587delG (frameshift)
c.579 + 2delT, c.853C > T (p. Q285X)

Heterozygote

8 mo

F

Alive and well

/

Homozygote
Homozygote
Homozygote
Heterozygote

9 wk
6 mo
5 wk
8 mo

F
F
F
M

Died
Died
Alive and well
Alive and well

/
/
/
/

UDCA 5-10 mg/kg/d
CDCA 12 mg/kg/d
CA 8 mg/kg/d
UDCA 40 mg/kg/d
UDCA 40 mg/kg/d for 4 mo;
CDCA 25 mg/kg/d
UDCA 7.5 mg/kg/d;
CDCA 5 mg/kg/d
UDCA 7.5 mg/kg/d;
CDCA 10 mg/kg/d
UCDA
UCDA
CA 15 mg/kg/d
CDCA

2.00

/

[1]
[13]

[12]

[11]

[9]

/: No data; CA: Cholic acid; CDCA: Chenodeoxycholic acid; INR: International normalized ratio; UDCA: Ursodeoxycholic acid; F: Female; M: Male.

urine and pale stool. He was referred to our hospital at
the age of two months. Laboratory tests indicated total
bilirubin levels of 204.8 μmol/L, direct bilirubin levels of
112.4 μmol/L, alanine aminotransferase levels of 339
IU/L, aspartate aminotransferase levels of 619 IU/L,
γ-glutamyltransferase levels of 50 IU/L, total bile acid
levels of 1.8 μmol/L, an activated partial thromboplastin
time of 62.6 s, a prothrombin time (PT) of 23.6 s,
and an international normalized ratio of 2.1. Chronic
hepatitis virus tests, including hepatitis B, hepatitis C
and cytomegalovirus, were negative, and autoimmune
hepatitis was ruled out by an appropriate laboratory
test. Abdominal ultrasound showed a visible gallbladder
and hepatomegaly; no other bile duct dysplasia was
observed. Analysis of the amino acid and acylcarnitine
spectrum of genetic metabolic diseases showed elevated
tyrosine, which was speculated to be secondary to
impaired liver function. Comprehensive analysis of uri
nary organic acids was normal.
Since we were unavailable to perform bile acid ana
lysis in our hospital, we performed genetic analysis with
a cholestasis panel (Supplementary Table 1), which
included prevalent pathogenic genes associated with
infant cholestasis, to confirm the patient’s diagnosis.
With informed consent, gene analysis was performed
using genomic DNA from peripheral lymphocytes from
the patient (Figure 1A), his parents (Figure 1B and C),
and his elder brother (Figure 1D). The patient was com
pound heterozygous for c.919C>T in exon 8 (Figure
1A) and exhibited loss of heterozygosity of the AKR1D1
gene (Figure 1E), leading to an amino acid substitution
of arginine by cysteine at amino acid position 307 (p.
R307C) (Figure 2).

WJG|www.wjgnet.com

The patient was initially given UDCA treatment; how
ever, there was no improvement in his clinical symptoms
or liver function. UDCA was then changed to CDCA (80
mg/d) after one week of UCDA treatment. The jaundice
began to alleviate after five days of CDCA treatment
and his liver function gradually improved (Figure 3).
To evaluate the response of bile acid metabolism sub
sequent to CDCA treatment, we sent the patient’s
urine sample to Cincinnati Children’s Hospital Medical
Center via the Children’s Hospital of Fudan University.
Urine bile acid analysis was performed using fast atom
bombardment ionization mass spectrometry after two
months of CDCA treatment (80 mg/d). The profile
revealed significant elevations in taurine and glycine
conjugates of unsaturated oxo-dihydroxy and oxotrihydroxy bile acids. Ions at m/z 444, 460, 494 and
4
510 reflected the presence of Δ -3-oxo bile acids that
are characteristic of the bile acid synthetic disorder
4
involving a deficiency in the activity of the Δ -3-oxo
steroid 5β-reductase enzyme. Although these are not
exceptionally high in concentration, it is difficult to
know how responsive the patient was to CDCA therapy
because we had no record of having analyzed a urine
sample before treatment began. There is clear evidence
of compliance to therapy from the presence of ions that
reflect metabolites of CDCA. However, based on this
mass spectrum, it appeared that the current dose of
CDCA was not sufficient to complete the suppression
of atypical bile acids. Thus, we increased the dose of
CDCA to 100 mg/d and sent a second urine sample for
bile acid analyses one month later. The profile showed a
good response in terms of the down-regulation of hepatic
bile acid synthesis. Thus, the increased dose of CDCA
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Figure 1 Genomic DNA sequences in exon 8 of the AKR1D1 gene in the patient and his family. A: Compound heterozygote in the patient (c.919C > T, R307C);
B: No variant in his father; C: Heterozygote in his mother; D: Heterozygote in his brother; E: Loss of heterozygosity in exons 1-9 of AKR1D1 in the patient. AKR1D1:
Aldo-ketoreductase family 1 member D1.

autoimmune hepatitis, we highly suspected hereditary
cholestasis. We were unable to perform bile acid profile
analyses in our hospital at that time. To identify the
cause of cholestasis, we screened gene disorders using
a hereditary cholestasis panel. Genetic analyses re
vealed that the patient had one heterozygous mutation
(R307C) in the AKR1D1 gene from his mother and loss
of heterozygosity in the AKR1D1 gene from his father,
making him compound heterozygous. Family genetic ana
lyses indicated that the R307C mutation in the AKR1D1
gene was heterozygous both in the patient’s mother and
brother but absent in his father. On the other hand, the
loss of heterozygosity in the AKR1D1 gene was found in
the patient and his father but was absent in his mother
and brother. As predicted by SWISS-MODEL Homology
Modeling, the R307C mutation could cause an alteration
in the amino acid side chain, which may subsequently
lead to 5β-reductase deficiency.
However, the patient’s brother did not develop cho
lestasis even though he also had the heterozygous
R307C mutation, but without loss of heterozygosity in
the AKR1D1 gene. Accordingly, we speculate that the
combination of the R307C mutation and loss of hetero
zygosity cause the loss of 5β-reductase function.
The patient described herein showed an effective
response to CDCA monotherapy (80 mg/d), consistent

appeared adequate.

DISCUSSION
We summarized published CBS2 cases with a confirmed
AKR1D1 mutation reported in the NCBI database through
the end of December 2017 (Table 1). As demonstrated,
missense mutations were present in 11 of 15 cases; the
other four cases had a frameshift mutation. These cases
consisted of seven homozygous and eight heterozygous
mutations. All four cases in which the patient was
deceased were homozygous and had a remarkably
prolonged international normalized ratio (INR) (1.8 or
above), which comprised three frameshift mutations and
one missense mutation. In the other three homozygous
cases, two showed a good response to primary bile acid
treatment and had good prognoses; one patient was
referred for liver transplantation and remains alive. All
heterozygous cases remain alive and were effectively
treated with primary bile acid treatment; only one patient
required liver transplantation.
The patient we describe herein developed progressive
jaundice in early infancy, with elevated direct bilirubin
and alanine aminotransferase but normal total bile
acids and γ-glutamyltransferase. After exclusion of bile
duct dysplasia, metabolic disorder, viral hepatitis and
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Figure 2 Multiple sequence alignments from different species and structural model of the aldo-ketoreductase family 1 member D1 protein. A: Multiple
sequence alignments; the red outline in the alignments shows the amino acid affected by the mutation; B: Wild-type model; C: The mutant model shows the alteration
of the amino acid side chain caused by the R307C mutation.
[12]

requires a smaller dose of CDCA, which may reduce the
accumulation of potential hepatotoxic CDCA metabolites.
According to our experience, an adequate dose of
CDCA monotherapy was effective in alleviating clinical
symptoms and normalizing laboratory tests of AKR1D1
deficiency, and the adjustment of bile acid dose should
be based on urine bile acid analyses. Long-term followup, including liver function monitoring and urine bile acid
analyses, are required to evaluate the hepatotoxicity of
CDCA monotherapy and dose regulation. Although it is
well-accepted that UCDA is not an optimal choice for the
[16,17]
treatment of 5β-reductase deficiency
, some reported
cases, all of which were heterozygous, still benefited
[8,13]
from UCDA treatment
. The natural immaturity of
5β-reductase during early infancy may promote the
advancement of cholestasis caused by a defect in
[18,19]
AKR1D1
. Thus, the presence of cholestasis and liver
dysfunction in cases with a heterozygous mutation in the
AKR1D1 gene may not require bile acid supplementation
due to the natural physiological maturation of
5β-reductase.
[1]
Clayton et al reported that patients with an INR
of 1.4 or above at diagnosis were not responsive to
bile acid treatment and had unfavorable outcomes.
As more cumulative cases have been reported, it has
been revealed that patients with significantly prolonged
INR are predisposed to bad prognoses. Moreover, all

with a previous report . After two months of oral CDCA
treatment, the laboratory tests and clinical presence of
the patient improved. However, urine bile acid analyses
indicated that the CDCA dose of 80 mg/d was insufficient
to complete the suppression of atypical bile acids.
Thus, we increased the dose of CDCA to 100 mg/d,
which proved adequate to down-regulate hepatic bile
acid synthesis according to the second urine bile acid
analyses. All laboratory tests had normalized when the
patient was eight months old, and 100 mg/d CDCA was
[12]
used to maintain treatment. Seki et al
reported that
5 mg/kg/d CDCA may not be able to induce negative
[15]
feedback, and Gonzales et al suggested a CDCA dose
of 10 mg/kg/d may provide effective negative feedback
against cholesterol 7α-hydroxylase. Our case required an
even higher dose of CDCA to maintain effective feedback
repression of 7α-hydroxylase. CA is considered more
effective than CDCA in activating negative feedback of
[15]
[16]
7α-hydroxylase and is less hepatotoxic . Clayton et al
reported that 5β-reductase deficiency was responsive
to the combination of CDCA and CA treatment, but
irresponsive to UCDA. As illustrated in Table 1, Lemonde
[7]
et al was also successful when combining CDCA
(8 mg/kg/d) and CA (8 mg/kg/d) to treat a homo
zygous patient with normal PT. Nevertheless, the same
treatment failed in two other homozygous patients
with prolonged PT. The combination of CDCA and CA
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Figure 3 Responses of liver function after treatment with ursodeoxycholic acid and chenodeoxycholic acid. A: Transaminase 1; B: Bilirubin. UDCA:
Ursodeoxycholic acid; CDCA: Chenodeoxycholic acid.
normal bile acid and γ-glutamyltransferase.

reported cases in which the patients are deceased were
homozygous and had an INR of 1.8 or above. However,
although the case we encountered had an INR of 2.1,
the patient had a good response to primary bile acid
treatment. Due to the suspicion of an inborn error of bile
acid synthesis, we soon substituted UDCA with CDCA
after one week of invalid UDCA treatment. We believe
that early supplementation with CDCA in our case may
have prevented the deterioration of the patient’s liver
function despite impaired coagulation function.
In conclusion, the case described herein was con
firmed to involve a novel compound heterozygous R307C
mutation and loss of heterozygosity in the AKR1D1 gene.
Both early supplementation with and an adequate dose
of CDCA monotherapy showed a favorable response,
resulting in both improved clinical symptoms and the
normalization of laboratory tests.

Clinical diagnosis

Infant cholestatic liver disease, diagnosed by elevated direct bilirubin and
alanine aminotransferase.

Differential diagnosis

Virus hepatitis, congenital bile duct dysplasia, genetic metabolic diseases, and
autoimmune hepatitis.

Laboratory diagnosis

Hyperbilirubinemia, coagulopathy, and impaired liver function.

Treatment

The patient was initially given ursodeoxycholic acid (UDCA) treatment. We
changed UDCA to chenodeoxycholic acid (CDCA) (80 mg/d) after one week
of ineffective UCDA treatment. After two months of oral CDCA treatment, urine
bile acid analyses indicated that the CDCA dose of 80 mg/d was insufficient to
complete the suppression of atypical bile acids. We thus increased the dose of
CDCA to 100 mg/d, which proved adequate to down-regulate hepatic bile acid
synthesis based on the second urine bile acid analyses.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

Related reports

A 2 mo old male infant presented with hyperbilirubinemia and coagulopathy, but
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More than 20 cases of primary 5β-reductase deficiency have been reported,
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and over ten variant mutations in the aldo-ketoreductase family 1 member D1
(AKR1D1) gene are attributed to a defect in 5β-reductase.

Term explanation

Aldo-ketoreductase family 1 member D1 (AKR1D1) encodes Δ4-3-oxosteroid
5β-reductase; its deficiency results in a lack of primary bile acids and increased
synthesis of 3-oxo-Δ4 bile and allo-bile acids.

9

Experiences and lessons

10

Gene analysis is essential for the accurate diagnosis of primary 3-oxo-Δ4-steroid
5β-reductase deficiency. Early diagnosis and adequate supplementation with
CDCA are vital for the amelioration of clinical symptoms.
11
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Abstract
Considering that both innate and adaptive immune
responses are involved in the pathogenesis of Crohn’s
disease (CD), novel therapeutic options have signifi
cantly been developed. Biological agents represent an
important addition to the conventional treatments for
immuno-inflammatory conditions, acting as antagonists
of adhesion molecules or various inflammatory cytokines.
The interleukin 12 (IL-12)/IL-23 common pathway has
been found to play a determinant role in the induction
of inflammation in adaptive immune responses. In
particular, IL-23 promotes the differentiation of naïve T
helper cells into Th17 phenotype with the concomitant
secretion of several inflammatory cytokines such
as IL-17 and IL-22, whereas IL-12 induces the Th1
polarization and production of critical cytokines such as
interferon-γ and tumor necrosis factor. Nowadays, there
is increased interest regarding the role of IL-23 as a
therapeutic target of CD through the blockage of IL-23
mediated pathways. In this editorial, we focus on the
role of IL-12/IL-23 pathway in the regulation of mucosal
immunity and in the induction and maintenance
of chronic inflammation. In parallel, we critically
discuss the available data regarding the therapeutic
effect of the IL-12/IL-23 inhibitors and especially of
ustekinumab, a human monoclonal antibody which has
been recently approved by the United States Food and
Drug Administration for the management of moderateto-severe CD and its potential to be used as first-line
therapy in everyday clinical practice.
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which became the mainstay of moderate to severe
CD treatment, using monoclonal antibodies targeting
[9-11]
tumor necrosis factor (TNF)
or adhesion molecules
[12,13]
(integrins)
. However, a significant proportion of
patients (about 30%) will not respond adequately to
induction therapy with TNF inhibitors. Furthermore,
another subgroup of patients that achieve initial (shortterm) response, run a risk of secondary loss which
[14,15]
occurs in approximately 40% of patients
. The main
causes of secondary failure are non-compliance to antiTNF treatment, drug immunogenicity and non-immune
clearance of anti-TNF or the persistence of inflammatory
[16]
activity in spite of sufficient anti-TNF levels . This
latter clinical scenario is usually performed by switching
[16]
to another class of biological agents .Moreover, the
humanized anti-α4β7 integrin antibody that has been
recently introduced in clinical practice, has displayed
efficacy on the induction and maintenance of remission
in moderate-to-severe refractory CD patients; however,
safety concerns have been raised due to rare but possible
[17]
adverse events .
Current data suggest that the initiation and per
petuation of inflammation in CD are associated with a
disruption in the balance among the intestinal epithelium,
the commensal microbiota and the innate immune
[18]
response . This condition is maintained by the presence
of defects in the intestinal wall, environmental factors,
genetic predisposition and dysfunction in regulatory
mechanisms, which in turn lead to the release of an array
of cytokines that promote the inflammatory immune
[18]
response .
Taking into consideration the adverse events resulted
from previous treatments regiments, target tailored
treatment options that aim at specific pathways of inflam
mation have emerged. CD is characterized by dysfun
ction in both innate and adaptive immune responses.
Disturbances in adaptive immune response are closely
related to tissue damage, mainly driven by interleukin
[4]
(IL)-12 and IL-23 . Therefore, inhibitors of IL-12/IL-23
and specific inhibitors of IL-23 have been developed for
the management of CD. In this editorial, we focus on the
role of IL-12/IL-23 pathway in the modulation of mucosal
immunity and in the induction and maintenance of
remission of the associated chronic inflammation of the
intestinal epithelium. Moreover, we critically discuss the
therapeutic effects of the IL-12/IL-23 blocker in patients
with CD and its potential position as first-line therapy in
everyday clinical practice.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The therapeutic management of Crohn’s
disease patients not responding to treatment with
anti-tumor necrosis factor agents remains a clinical
challenge. Recently, there has been increased evidence
regarding the development of new drugs with alter
native mechanisms of action. Interleukin (IL)-12 and
IL-23 are important cytokines which are involved in the
adaptive immune responses and their common pathway
has been found to play a determinant role in the
induction of inflammation. Clinical trials have assessed
the therapeutic effect of an IL-12/IL-23 inhibitor
(ustekinumab), demonstrating rapid clinical effect with
a safety profile. Further studies are needed to elucidate
its potential role as first-line therapy in Crohn’s disease.
Aggeletopoulou I, Assimakopoulos SF, Konstantakis C, Triantos
C. Interleukin 12/interleukin 23 pathway: Biological basis and
therapeutic effect in patients with Crohn's disease. World J
Gastroenterol 2018; 24(36): 4093-4103 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i36/4093.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i36.4093

INTRODUCTION
Crohn’s disease (CD) is an immune-mediated
inflammatory disorder characterized by chronic
relapsing inflammation in different segments of the
gastrointestinal tract. Although the typical preferential
regions of involvement are the distal ileum, the
ileocaecal region, the colon and the perianal region,
[1]
extra-intestinal manifestations are not uncommon .
The etiology of this disease in not yet fully understood.
However, it is currently considered that genetic and
environmental factors, impaired immune regulation,
gut barrier dysfunction and changes in the intestinal
microbiome are involved in the pathogenesis and
[2-4]
development of this condition
. CD treatment is
generally individualized and is associated with several
factors including disease phenotype, disease severity,
affected region, and related luminal or extraluminal
complications. The treatment strategy is mainly
classified into two stages: (1) Appropriate treatment
of the acute flare aiming to induce remission (2)
[5]
maintenance of remission . Until recently, the initial
choice of treatment has focused on long-term use
of corticosteroids and immunosuppressants like
thiopurines and methotrexate for the induction and
[6-8]
the maintenance of remission, respectively . During
the last years, therapeutic options have significantly
benefited from the introduction of biological agents,
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IL-12 AND IL-23 ROLE IN CD/
MECHANISM OF ACTION
Both innate and adaptive immune responses
are involved in the pathogenesis of CD. Adaptive
immunity is provided by resident and recruited cells,
including mucosal B cells which produce the secretary
immunoglobulins A and G, T cells subpopulations and
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especially T helper 1 (Th1), Th17, or Th2 cells, and
[4]
T and B regulatory cells . Th1 phenotype is induced
by microbes which in turn activate the excretion of
interferon (IFN)-γ and IL-12p40 through the signal
transducer and activator of transcription 1 (STAT1),
T-box factor 21 (TBX21) and STAT4 signaling
[19]
pathways . CD seems to be driven by a Th1-mediated
[20]
pathology, with an increased synthesis of IFN-γ . In
parallel, inflamed intestinal mucosa is infiltrated by Th17
[21]
cells with a concomitant production of IL-17 cytokine .
Th17 lineage commitment is directed by transforming
growth factor beta (TGF-β) in the presence of a
proinflammatory environment, and IL-23 is related to the
[22]
expansion and maintenance of Th17 cells . Moreover,
CD is characterized by an increased production of IL-12,
[23,24]
the major Th1-stimulating factor
.
IL-12 family includes IL-12, IL-2, IL-35 and IL-27,
[25]
key mediators of inflammatory response . IL-12 is
a heterodimeric cytokine comprising of two covalently
linked subunits (p40 and p35) and is mainly produced
by activated phagocytic cells [monocytes/macrophages,
neutrophils, dendritic cells (DCs)] in response to bacterial
stimulation, intracellular pathogens and intestinal
[26,27]
inflammation
. IL-12 exerts its biological function
through the binding to its heterodimeric receptor
formed by IL-12R-β1 and IL-12R-β2. β2 receptor subunit
plays a major role in IL-12 function, as it controls the
Th1 cell lineage commitment. Moreover, IL-12R-β2 is
[26]
overexpressed by T cells in inflamed mucosa
as well
[28]
as in CD T-lamina propria lymphocytes (T-LPL) . Data
has shown that the inhibition of IL-12 resulted in reduced
production of IFN-γ and IL-21 in CD mucosal T cells
[23]
cultures , and T cell stimulation in T cell cultures from
fetal gut explants, promoting Th1 immune response
[29]
and causing mucosal degradation . Beyond the role of
IL-12 in T cells, a recent study has demonstrated its role
in a distinct population, the innate lymphoid cells (ILCs),
which are considerably encountered in inflamed tissue
of intestinal wall of CD patients. IL-12 stimulates these
cells to produce IFN-γ indicating the role of ILCs in the
[30]
pathogenesis of gut mucosal inflammation .
Recent studies have demonstrated the crucial
role of IL-23 in the regulation of Th1 cell responses
and its potential role in the CD pathogenesis. IL-23
belongs to the IL-12 family, it is composed of one
subunit of p40, that is shared with IL12, and one
[31]
subunit of p19, which is unique . IL-23 is produced by
myeloid DCs or conventional DCs and macrophages in
response to bacterial stimulation, endogenous signals
[32,33]
or CD40L activation
. Depending on the various
environmental signals, macrophages can obtain distinct
functional phenotypes through undergoing different
[34]
polarization . Macrophage M1 phenotype is induced
by microbial products or proinflammatory cytokines
and is characterized by high production of IL-12 and
IL-23 cytokines, in contrast to M2 phenotype which is
mainly associated with Th2 immune responses and
[35]
promotes tissue repair . The binding of IL-23 on its
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receptor, which is composed of IL-12R β1 and IL-23R
+
results in the specific induction of naïve CD4 T cells into
Th17 cells, with a concomitant activation of numerous
proinflammatory cytokines such as IL-17, IL-17F, TNF-α
[36]
+
and IL-6 . Beyond CD4 T induction, IL-23 participates
[37]
+
[38]
[39]
in the ILCs , CD8 T , natural killer (NK), NKT and
[40]
activation. The presence of inflammation
γδ T cells
in the intestinal wall stems from the pathological Th1
immune response against the bacterial microbiota which
[41]
are closely related to the IL-12 and IL-23 expression .
IL-23 expression is highly increased in ILCs in the
inflamed intestine in CD patients, indicating the presence
of IL-23-responsive ILCs in the human gut and promoting
[37,42]
IL-17A and IFN-γ production
. Moreover, studies
have demonstrated the existence of single nucleotide
polymorphisms (SNPs) in the IL-23R gene, which are
highly protective in CD patients, suggesting that the
blockade of IL-23 signaling could decrease the risk of CD
[43-45]
development
.
The above data highlighted the determinant role of
IL-12 and IL-23 in intestinal inflammation, since they
are able to trigger signals in different cell populations
and lead to the introduction of monoclonal antibodies as
therapeutic agents for CD, targeting the common p40
subunit of IL-12 and IL-23.

IL-12/IL-23 BLOCKADE/EMERGING
BIOLOGICAL AGENTS
Anti-IL-12/IL-23p40 antibodies

Ustekinumab is an IgG1 humanized monoclonal
antibody directed against the common p40 subunit of
the IL-12 and IL-23. It binds to the p40 subunit and
impedes the interaction with the IL-12Rβ1 on the cell
[46]
surface of NK, T cells, or antigen-presenting cells .
This process results in the blockade of IL-12 and IL-23
mediated downstream cell signaling, gene activation
[46]
and cytokine production . Ustekinumab binding to
the IL-12 and IL-23, equally neutralizes IL-12 mediated
responses, including the intracellular phosphorylation
of STAT4, the expression of cell surface markers and
the production of IFN-γ and IL-23 mediated responses
including the intracellular phosphorylation of STAT3
[46]
and IL-17A, IL-17F, and the production of IL-22
(Figure 1).
Briakinumab is an IgG1 monoclonal antibody with
similar mechanism of action as ustekinumab, which was
tested for the induction and maintenance of remission
in patients with moderately to severely active CD. The
results of a placebo-controlled phase 2b trial showed
that although briakinumab presented a similar safety
and tolerability profile to placebo in the induction and
maintenance phases, it did not achieve the primary end
[47]
point of clinical remission at week 6 .

Anti-IL-23p19 antibodies

MEDI2070 (or AMG 139) is a humanized monoclonal
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Figure 1 Neutralization of the interleukin-12/interleukin-23 pathways associated with T-cell activation and differentiation. A: In inflamed tissue, bacterial
stimulation can lead to the activation of dendritic cells and macrophages. This process results in the activation of T cells and the secretion of inflammatory cytokines
such as IL-12 and IL-23. The binding of IL-12 in its receptor, which is composed of IL-12R-β1 and IL-12R-β2 results in the preferential T cell differentiation into Th1
cells, promoting the Th1 cell response and secreting cytokines such as IFN-γ and TNF. The binding of IL-23 in its receptor, which is composed of IL-12R-β1 and
IL-23R results in the preferential induction of T cells into Th17 cells, inducing Th17 cell response and secreting cytokines such as IL-17 and IL-22; B: The use of a
monoclonal antibody against the common subunit of IL-12 and IL-23 (IL-12/23p40) that selectively targets both IL-23 and IL-12 cytokines, disrupts their mediated
signaling pathway and cytokine cascade, through the prevention of these cytokines’ interaction with their shared cell-surface receptor, IL-12R-β1. This process results
in the inhibition of IL-12 and IL-23 signaling and further activation of Th1 and Th17 phenotypes. IL: Interleukin; IFN: Interferon; TNF: Tumor necrosis factor.

ustekinumab was approved by the European Medicines
Agency (EMA) for adults with moderate to severe active
CD with inadequate response, or loss of response, or
intolerance to either conventional treatment, or antiTNF agents, or with medical contraindications to such
[51]
therapies .

IgG2 antibody that selectively binds the p19 subunit,
specifically blocking the binding of IL-23 to its receptor.
In a phase 2a trial of patients with moderate to severe
CD who had failed to anti-TNF treatment, the use of
MEDI2070 showed induction of clinical response in CD
[48]
patients compared to placebo .
Risankizumab, a humanized monoclonal antibody
targeting the p19 subunit of IL-23, resembles the
mechanism of action of MEDI2070. The efficacy and
safety of this antibody were assessed in a randomized,
double-blind, placebo-controlled phase 2 study and
the results showed that it was significantly better than
[49]
placebo in inducing clinical remission .

CLINICAL EFFICACY OF USTEKINUMAB
IN CD/ RANDOMIZED CLINICAL TRIALS
The clinical efficacy of ustekinumab in humans was
first evaluated in immune-mediated diseases, such
[52,53]
[54-56]
as psoriasis
, psoriatric arthritis
and multiple
[57]
sclerosis . The current use of ustekinumab in patients
with CD has been assessed by multiple clinical trials
(Tables 1 and 2).

USTEKINUMAB
Ustekinumab was approved in 2017 by the United States
Food and Drug Administration (FDA) for the treatment
of moderate to severe active CD in patients who have
failed or were intolerant to therapy with corticosteroids
or other immunomodulators but have never failed
anti-TNF treatment, or in patients who have failed
or were intolerant to therapy with one or more anti[50]
TNF agents . In parallel, in the same year, the use of
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Phase II studies

The use of ustekinumab in the treatment of moderate
to severe CD was first investigated in 2008 in a
randomized, placebo-controlled, phase 2a induction
[58]
trial . The study comprised of two patient groups.
Population 1 (the double-blind, cross-over phase IIa arm
of the study) included 104 patients who had previously

4096

September 28, 2018|Volume 24|Issue 36|

Aggeletopoulou I et al . IL-12/IL-23 pathway in Crohn’s disease
Table 1 Summary of randomized, placebo-controlled trials on ustekinumab in Crohn’s disease
Study (reference)

Publication year

Type of publication

Study design

Study phase

Sandborn et al[58]

2008

Full paper

IIa

Sandborn et al[59] (CERTIFI)

2012

Full paper

Feagan et al[60] (UNITI-1)

2016

Full paper

Feagan et al[60] (UNITI-2)

2016

Full paper

Feagan et al[60] (IM-UNITI)

2016

Full paper

Sandborn et al[63] (IM-UNITI
long term extension)
Sands et al[62] (UNITI-IM)

2017

Abstract

2018

Abstract

Rutgeerts et al[61]

2018

Full paper

Multicenter, double-blind, placebocontrolled, parallel cross-over
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled
Randomized, multicenter, doubleblind, placebo-controlled

III
Maintenance phase of UNITI 1 and 2
responders
Maintenance phase of UNITI 1 and 2
responders
Maintenance phase of UNITI 1 and 2
responders
Induction and maintenance of
endoscopic healing

[60]

received conventional therapy or anti-TNF regimens.
The second group, population 2 - open-label arm,
consisted of 27 non-responders (primary or secondary)
to infliximab. The results showed that ustekinumab
could induce clinical response in patients with moderateto-severe active CD, especially in those who were
[58]
previously treated with infliximab . Regarding the
development of serious adverse events, there was no
difference in patients receiving ustekinumab compared
[58]
to placebo . The above results led to the conduct of
a 36-wk, randomized, double-blind, placebo-controlled
phase IIb trial (CERTIFI) on the role of ustekinumab
in the induction and maintenance of remission in
patients with moderate-to-severe CD who were
[59]
resistant to anti-TNF treatment . The study enlisted
526 patients in the induction arm and 145 responders
in the maintenance phase. The results demonstrated
that patients who were resistant to anti-TNF therapy
showed an increased response rate to induction with
ustekinumab compared to placebo, although remission
[59]
rates were comparable . However, ustekinumab
induction responders showed significantly increased
rates of response and remission during the maintenance
[59]
phase . No difference was reported in the incidence of
adverse events between examined groups during the
[59]
maintenance phase . Basal-cell carcinoma developed
in 1 patient receiving ustekinumab.

remission in patients from both trials (UNITI 1-2) . No
difference in adverse and serious adverse events was
reported between the groups. Moreover, there was no
report of death, malignancy, opportunistic infections
[60]
or tuberculosis in ustekinumab treated patients .
The 397 patients who completed the induction trials
(UNITI 1 and 2) and were responders to ustekinumab,
[60]
were enrolled in the IM-UNITI trial . Primary endpoint
for this trial was the maintenance of remission at
week 44 and the results showed that treatment with
ustekinumab was more effective than placebo for
[60]
maintaining remission . Between the placebo and
the ustekinumab groups, the rates of adverse events
[60]
development and severity were similar .

Effect of ustekinumab in endoscopic activity

A sub-study of the UNITI trial enrolled 334 patients with
moderate to severe CD and assessed the clinical effect
of ustekinumab in the simplified endoscopic activity
score for CD (SES-CD) and the efficacy of maintenance
[61]
therapy . Patients treated with ustekinumab had
higher reduction in SES-CD compared to placebo
[61]
during the induction phase . The results were similar
in patients from different induction trials (UNITI 1 or
2) and in those receiving different ustekinumab doses.
Greater reduction in the SES-CD at week 44 was also
observed in the ustekinumab group compared to
[61]
placebo .

Phase III studies

Dose adjustment effect of ustekinumab in patients with
loss of response or in delayed responders

Phase III, multicentre, double-blind, placebo-controlled,
trials for the evaluation of ustekinumab in patients with
moderate to severe CD have been recently completed.
The first trial (UNITI-1) included 741 patients who
were primary or secondary non-responders to anti[60]
TNF treatment or had severe side effects . In the
second trial (UNITI-2) 628 patients who had failed
the conventional therapy or had experienced severe
[60]
side effects were enrolled . The results showed that
intravenous ustekinumab induced clinical response and
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IIb induction
IIb maintenance
III

Another sub-study of the UNITI-IM maintenance
programme addressed important points of clinical
application of ustekinumab. This trial evaluated the
clinical effect of dose adjustment of ustekinumab in
patients who (1) entered the maintenance trial in
response and subsequently lost response (LOR) (2)
were non-responders to intravenous ustekinumab during
[62]
induction phase . The results showed that in patients
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Table 2 Characteristics of randomized, placebo-controlled trials evaluating the efficacy of ustekinumab in Crohn’s disease
Study (reference)
Sandbornetal[58]

Sandborn et al[59] (CERTIFI)
Induction

Sandborn et al[59] (CERTIFI)
Maintenance

Patients

Endpoints

Intervention parameters

Outcomes

25
Clinical response at week
26
4/week 8
26
27
27 (primary or secondary
Clinical response at week 8
non-responders to infliximab)
131
Clinical response at week 6
132
131
132
145 Responders
Clinical response at week 22
72 Ustekinumab
73 Placebo
Clinical remission at week 22

Feagan et al[60] UNITI-1
induction
Feagan et al[60] UNITI-2
induction
Feagan et al[60] IM- UNITI
maintenance
Sandborn et al[63] (IM- UNITI
long term extension)

Sands et al[62] (IM-UNITI
patients with dose adjustment
following loss of response)

Sands et al[62] (IM-UNITI nonresponders during induction
phase having an additional
SC dose)
Rutgeerts et al[61] Induction
week 8
Rutgeerts et al[61] Maintenance
week 44

245
249
247
209
209
210
132
132
133
1281

51
29
28
467

155
97
47
74
51

90 mg SC week 0-3→Placebo SC week 8-11 Ustekinumab:
Placebo SC week 0-3→90mg SC week 8-11
53%/49%
4.5 mg/Kg IV week 0→Placebo IV week 8
Placebo:
Placebo IV week 0→4.5 mg/Kg IV week 8
30%/40%
90 mg SC
43%
4.5 mg/kg IV
54%
1 mg/kg IV
36.60%
3 mg/kg IV
34.10%
6 mg/kg IV
39.70%
Placebo IV
23.50%
90 mg SC
69.40%
Placebo SC
42.50%
90 mg SC
41.70%
Placebo SC
27.40%
Clinical response at week 6
130 mg IV
34.30%
6 mg/kg IV
33.70%
Placebo IV
21.50%
Clinical response at week 6
130 mg IV
51.70%
6 mg/kg IV
55.50%
Placebo IV
28.70%
Clinical remission at week 44
90 mg SC every 8 wk
53.10%
90 mg SC every 12 wk
48.80%
Placebo SC
35.90%
Clinical remission at week 92
90 mg SC every 8 wk
74.40%
90 mg SC every 12 wk
72.60%
Subjects with prior dose adjustment
53.50%
All ustekinumab treated
67.50%
Clinical response [CR-100]1 Placebo to 90 mg SC ustekinumab every 8
71%
wk
Ustekinumab 90 mg SC every 12 wk to
55%
ustekinumab 90 mg SC every 8 wk
No dose adjustment
46%
Clinical response 8 wk after
Additional dose of 90 mg SC
50.50%
one additional dose
Clinical remission 8 wk after
28.90%
one additional dose
SES-CD Change from
130 mg IV/6 mg/kg
-2.8 (8.10)a
Placebo IV
-0.7 (4.97)
baseline, mean (SD)
SES-CD Change from
90mg SC every 12 wk
-1.5 (4.22)
90mg SC every 8 wk
-3.8 (6.02)
baseline, mean (SD)
Placebo SC
-2.0 (5.35)

1

CR-100, ≥ 100-point decrease in Crohn's Disease Activity Index; aP < 0.05. SC: Subcutaneous; IV: Intravenous; SES-CD: Simplified endoscopic activity score
for Crohn’s disease; SD: Standard deviation.

with LOR, the dose adjustment of ustekinumab (12-wk
interval to 8-wk interval) provided clinical benefits
compared to patients who remained to the 8-wk interval.
Moreover, patients who were initial non-responders to
induction treatment benefited from continued treatment
(at least 1 additional subcutaneous dose) following
the initial intravenous dose (rescue therapy - late
[62]
responders) .

between patients treated with ustekinumab or placebo
[63]
from week 44 through week 96 .

DISCUSSION
The introduction of monoclonal antibodies in the last
decades has changed the therapeutic strategy of
CD. The biological factors that have been approved
to date for the management of CD include anti-TNF
agents (adalimumab, certolizumab and infliximab),
anti-integrins (natalizumab and vedolizumab) and the
anti-IL-12/IL-23p40 agent (ustekinumab). The clinical
benefits of monoclonal antibodies are the efficacy and
safety during the induction and maintenance of clinical
response as well as a decreased risk of hospitalization
and surgery. Anti-TNF agents are currently positioned
as first line biologic treatment for the management of

Long-term efficacy and safety of ustekinumab

The long-term efficacy and safety of ustekinumab were
evaluated in an ongoing IM-UNITI study with a duration
[63]
of approximately 5 years . The preliminary results
through week 96 showed that the clinical response and
remission were maintained in patients who were under
treatment with subcutaneous ustekinumab. There was
no difference in adverse events and infection rates
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[61]

moderate to severe CD and have been proven to be
effective for both induction and maintenance of CD
[64]
patients . However, these agents do not fully cover the
needs of all patients as there is significant percentage
who was not respond to treatment, or even if they
achieved an initial short-term response, they could
undergo secondary failure to anti-TNF agents or develop
unacceptable adverse events, which lead to treatment
discontinuation. Currently, for patients with primary
failure to anti-TNF treatment, the use of a second TNF
agonist is not indicated and a switch to another agent
[65,66]
with a different mechanism of action is suggested
.
The anti-α4β7 integrin antibody was approved for
induction and maintenance of CD patients, but due
to its fairly slow-action, it is considered better for the
maintenance phase.
Clinical evidence suggests that ustekinumab may
be preferred over the anti-integrin treatment given
[60]
its rapid onset of action . In particular, the clinical
benefits of ustekinumab over vedolizumab in inducing
clinical response and remission have been shown in
patients who were non-responders or were intolerant to
anti-TNF treatment, since ustekinumab treated patients
[60]
responded as early as week 3
compared to patients
[67]
treated with vedolizumab who responded at week 10 .
The results of the study IM-UNITI LTE have shown that
the rapid onset of ustekinumab action is accompanied
by a long duration of action, as 75% of patients in
remission at year 1, were still in remission at year 2,
indicating one more advantage over the anti-TNF or
[63]
anti-integrins agents .
The route of ustekinumab administration could
be considered as an important benefit over the other
treatment options. During induction phase, only
one intravenous dose of ustekinumab is required
for the development of clinical response and during
maintenance phase, a single subcutaneous dose is able
to induce clinical response up to 44 wk in one-third of
[60]
the patients . These results highlight the usefulness
of ustekinumab as a more convenient option with its
potential for a home-based therapy. Moreover, a substudy of the IM-UNITI programme has shown that
ustekinumab dose adjustment can provide additional
clinical advantage in patients with loss of response. The
results demonstrated that initial non-responders to the
induction therapy could benefit more from continued
[62]
treatment with at least one additional dose .
[60]
The study by Fegan et al , has shown that the
rapid onset of clinical efficacy was accompanied by a
reduction in CRP and fecal calprotectin levels which
persisted during the maintenance phase up to week
44. The improvement in CRP and fecal calprotectin
levels following ustekinumab treatment suggests that
decrease of inflammation occurred along with the
[60]
clinical improvement . In parallel, recent data has
demonstrated the ability of ustekinumab to induce
endoscopic healing during the induction phase (at week
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8) in patients with moderate to severe CD .
Beyond the obvious benefits of ustekinumab in
the management of moderate to severe CD, patient
safety is an important factor of determining the risk/
benefit ratio of each treatment option. Although the
data from studies evaluating the long-term safety
of ustekinumab in patients with moderate to severe
psoriasis and multiple sclerosis suggests an increased
risk of serious infections, in CD patients the drug seems
[58-60,63]
to have a rather favorable safety profile
, which
is very important considering the role of IL-12/IL-23 in
[68-71]
maintaining immune homeostasis
.
Taking into consideration the above advantages,
we can speculate the use of ustekinumab as a firstline treatment or its use in conjunction with or before
other biological agents, following corticosteroid
failure. Ustekinumab may be the ideal option for frail
patients, considering its safety profile and the mode
of administration. In addition, CD patients with other
immune mediated diseases such as previous history
of multiple sclerosis and psoriasis or patients with
TNF agonist induced psoriasis represent promising
candidates for ustekinumab treatment considering its
[52-56,72,73]
systemic anti-inflammatory action
. On the
other hand, the use of ustekinumab may not be favored
in patients with perianal fistulizing CD in whom the
[74]
use of infliximab is proposed . Furthermore, there is
limited evidence concerning the use of ustekinumab in
pregnancy and breast feeding. Studies in animals have
shown no developmental toxicity due to ustekinumab
[75]
exposure . In humans, there are two case reports of
[76,77]
abortions in ustekinumab-exposed pregnancies
and two successful pregnancies after prolonged
[78,79]
ustekinumab treatment
.

CONCLUSION
Ustekinumab has exhibited considerable potential
in the management of intestinal inflammation by
downregulating the immune system through its
binding in the common subunit of IL-12 and IL-23 and
by blocking their action. In light of current evidence,
ustekinumab is considered to be an effective drug
with a favorable safety profile for the management
of patients with moderate-to-severe active CD. Its
use appears to be very promising in patients with an
inadequate response, loss of response, intolerance or
contraindications to treatment with traditional anti-TNF
agents. Moreover, ustekinumab could be considered
as first line biological treatment in patients who failed
conventional therapy, although the high treatment
cost poses severe limitations to this alternative. Large
scale-multicentre trials with long term follow up and
high-quality evidence are required to further explore
the spot that this novel agent should hold in the CD
treatment algorithms, and its role in specific disease
phenotypes (such as fistulizing disease, early-onset
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CD or postoperative setting). Lastly, conduct of headto-head comparison studies of ustekinumab with
other biological agents, evaluation of drug to drug
interactions and pharmacoeconomic (cost effective)
analysis of ustekinumab are the next steps towards
thoroughly delineating the place of ustekinumab in
clinical practice.
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Abstract
MicroRNAs (miRNAs) are small non-coding RNAs
that regulate multiple physiological and pathological
functions through the modulation of gene expression
at the post-transcriptional level. Accumulating evidence
has established a role for miRNAs in the development
and pathogenesis of liver disease. Specifically, a large
number of studies have assessed the role of miRNAs
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Torres JL et al . miRNAs in ALD and NAFLD
[1,2]

in alcoholic liver disease (ALD) and non-alcoholic fatty
liver disease (NAFLD), two diseases that share common
underlying mechanisms and pathological characteristics.
The purpose of the current review is to summarize
and update the body of literature investigating the role
of miRNAs in liver disease. In addition, the potential
use of miRNAs as biomarkers and/or therapeutic
targets is discussed. Among all miRNAs analyzed, miR34a, miR-122 and miR-155 are most involved in the
pathogenesis of NAFLD. Of note, these three miRNAs
have also been implicated in ALD, reinforcing a common
disease mechanism between these two entities and
the pleiotropic effects of specific miRNAs. Currently, no
single miRNA or panel of miRNAs has been identified
for the detection of, or staging of ALD or NAFLD.
While promising results have been shown in murine
models, no therapeutic based-miRNA agents have been
developed for use in humans with liver disease.

host interaction, and oncogenesis . The expression
of a wide variety of miRNAs is potentially regulated by
many factors, such as alcohol, but also diet, cigarette
[5]
smoking and other drugs . Therefore, it is not surprising
that miRNAs have been increasingly recognized as key
actors in the pathogenesis of a variety of diseases and
as potential biomarkers for diagnosis or therapeutic
[2]
targets . The role of miRNAs in liver inflammation,
fibrosis and cirrhosis has been widely described in the last
[6-8]
twenty years . The current paper reviews the existing
literature pertaining to miRNA alteration, function,
and the potential clinical application of miRNAs in
alcoholic liver disease (ALD) and non-alcoholic fatty liver
disease (NAFLD). While ALD and NAFLD differ in some
aspects, they also share common features, including
underlying mechanisms and clinical and histopathological
[9]
characteristics . Given the rapid expansion of research in
miRNAs in recent years, an updated review on the topic
will first be presented, followed by a summary of miRNA
alterations that are common to both ALD and NAFLD.

Key words: Alcohol use disorder; Alcoholic liver disease;
Non-alcoholic fatty liver disease; Steatosis; Obesity;
miRNA; Biomarkers

ROLE OF MIRNAS IN ALD

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Pathogenic role of miRNAs in ALD

The development of the different forms of ALD (steatosis,
alcoholic hepatitis and cirrhosis) requires prolonged and
heavy alcohol consumption along with susceptibility
to the disease. Pathophysiological mechanisms of ALD
are based both on the direct toxic effect of alcohol and
also on ethanol-induced alterations in the inflammatory
[10]
response . A variety of enzymes, such as alcohol
dehydrogenase (ADH) and the cytochrome P450 2E1
[11]
(CYP2E1), contribute to alcohol metabolism , leading
to oxygen free radicals, nitric oxide and acetaldehyde,
which ultimately can cause cellular damage and
[12]
liver inflammation . In addition, the toxic effect of
acetaldehyde increases intestinal permeability to bacterial
[13]
lipopolysaccharide (LPS) , which binds to toll-like
receptors 4 (TLR4) and activates Kupffer and stellate cells
through pro-inflammatory cytokines, such as tumour
[14]
necrosis factor (TNF)-α, production . This inflammatory
signal is transmitted via the nuclear factor-κB (NF-κB)
[14]
pathway, ultimately leading to liver damage .
While most immune mechanisms involved in ALD
development are related to the TLR4-NF-κB pathway, the
activation of TLR4 also triggers the transmission of proinflammatory stimuli through other signaling pathways,
such us mitogen-activated protein kinases (MAPK) or
TIR-domain-containing adapter-inducing interferon-β
[14]
(TRIF) . miRNAs can regulate this complex interplay
between inflammatory signals via the regulation of
[15]
cytokines and other components of the pathways .
Oxidative stress and free oxygen radicals generation
involved in ALD development are also regulated by
miRNAs through different pathways like Kelch-like ECHassociated protein 1 Kelch-like ECH-associated protein
1 (Keap1) / Nuclear factor-erythroid-2-related factor 2
[16-20]
(Nrf2) pathway
. In addition to this, miRNAs have also

Core tip: MicroRNAs (miRNAs) are small RNAs that
regulate gene expression at a post-transcriptional level.
Altered miRNA expression has been found in a variety
of liver diseases, including non-alcoholic fatty liver
disease and alcoholic liver disease. A group of miRNAs
(miR-155, miR-122 and miR-34a) contributes to the
pathogenesis of these two diseases and these miRNAs
have potential use as biomarkers or therapeutic targets.
Several technical limitations and a lack of clinical
studies, however, preclude their clinical use.
Torres JL, Novo-Veleiro I, Manzanedo L, Alvela-Suárez L,
Macías R, Laso FJ, Marcos M. Role of microRNAs in alcoholinduced liver disorders and non-alcoholic fatty liver disease.
World J Gastroenterol 2018; 24(36): 4104-4118 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i36/4104.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i36.4104

INTRODUCTION
MicroRNAs (miRNAs), small non-coding RNAs, can
modulate gene expression at the post-transcriptional
level by targeting messenger RNAs and inhibiting their
[1,2]
translation or promoting their degradation . Since the
[3]
discovery of the first miRNA in 1993, lin-4 , more than
2000 miRNAs have been described in humans and they
are believed to regulate up to 60% of protein-coding
[4]
genes in the human genome .
Human miRNAs are involved in virtually all physi
ological and pathological processes, including cell
differentiation and proliferation, signal transduction,
inflammation and immune response, metabolism, viral-
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Table 1 MicroRNA targets involved in alcoholic liver disease pathogenesis
miRNA

Source of sample

miRNA target

let-7[27]

Animal models
Human HSCs
Animal models
Human HSCs
Animal models
Animal models
Animal models
HMC
Humans (plasma)
Animal models
Human HSCs
NHH
HiBECs
Humans (liver biopsy)
Humans (liver biopsy)
Animal models
Animal models
Animal models
Animal models
Humans (serum samples and liver biopsy)
Animal models
Animal models
Caco-2 cells
Humans (colon biopsy)
Animal models
HHCs
Animal models
Animal models
Humans (serum)
Animal models
HPBMs
Animal models
Animal models

Lin28, HMGA2

miR-19b[28]
miR-21[36,37]
miR-26a[35]
miR-27a[44,52]

miR-34a[29,43]

miR-103 and miR-107[53]
miR-122[32,124,125]
miR-155[38,39,97,126,127]
miR-181b-3p[40]
miR-182[30]
miR-199[128]
miR-200a[31]
miR-212[46]
miR-214[24,34]
miR-217[41]
miR-223[45]
miR-291b[42]
miR-378[59]
miR-497[25]

TGFβRII, Col1α2, MeCP2
FASLG, DR5, Crebl2
DUSP4, DUSP5
Sprouty2, CD206

SIRT1, CASP2

Caveolin-1
P4HA1, HO-1, Cyclin G1, Bcl-w, HIF-1α
TNFα, SHIP1, SOCS1, IRAKM, C/EBPβ
Importin α1
SLC1A1, Cofilin 1, CCL20, CXCL1, IL-8, Cyclin D1, IL-6
ET-1, ET-BR
ZEB-2
ZO-1
POR, GSR, CYP2E1
SIRT-1
p47phox, IL-6
Tollip
Gli-3
Btg2, Yy1

HSCs: Hepatic stellate cells; HMGA2: High mobility group AT-hook 2; TGFβRII: Transforming growth factor β receptor II; Col1α2: Collagen type I α 2
chain; MeCP2: Methyl-CpG binding protein 2; FASLG: Fas ligand; DR5: Death receptor 5; Crebl2: cAMP responsive element binding protein like 2; DUSP:
Dual specificity phosphatase; HMC: Human Monocyte Cells; NHH: Normal Human Hepatocytes; HiBECs: Human intrahepatic Biliary Epithelial Cells;
SIRT1: sirtuin 1; CASP2: caspase 2; P4HA1: prolyl 4-hydroxylase subunit α 1; HO-1: heme oxygenase-1; BCL-W: Bcl-2-like protein 2; HIF-1α: Hypoxia
inducible factor 1 α; TNFα: Tumor necrosis factor α; SHIP1: Src homology 2 domain-containing inositol phosphatase 1; SOCS1: Suppressor of cytokine
signaling 1; IRAKM: Interleukin 1 receptor associated kinase 3; C/EBPβ: CCAAT/enhancer binding protein β; SLC1A1: Solute carrier family 1 member
1; CCL20: C-C motif chemokine ligand 20; CXCL1: C-X-C motif chemokine ligand 1; IL: Interleukin; ET-1: Endothelin-1; ET-BR: Endothelin-B receptor;
ZEB-2: Zinc finger E-box binding homeobox 2; ZO-1: Zonula occludens 1; HHCs: Human Hepatoma Cells; POR: Cytochrome P450 oxidoreductase; GSR:
Glutathione reductase; CYP2E1: Cytochrome P450 2E1; p47phox: Neutrophil cytosolic factor 1-like; HPBMs: Human Peripheral Blood Monocytes; Tollip:
Toll interacting protein; Gli3: GLI Family Zinc Finger 3; Btg2: B-cell translocation gene 2; YY1: Yin yang 1; miRNA: MicroRNA.
[27-30]

been shown to exert an important modulatory function
[21,22]
on macrophage activation and differentiation
.
Moreover, recent studies have shown even broader
effects of miRNAs in ALD development, including a role in
[23]
intercellular communication, in secretion in exosomes ,
in the expression of enzymes directly linked to alcohol
[24]
metabolism (e.g., regulation of CYP2E1 by miR-214 )
and in the modulation of pro-inflammatory pathways
such as the B-cell translocation gene 2/Yin-yang 1 (BTG2/
[25]
YY1) signaling pathway by miR-497 . Finally, alcohol
consumption, with or without concurrent ALD, has also
[5,26]
been linked to altered expression of several miRNAs
.
Numerous studies, therefore, have addressed the
relationship between ALD development and miRNAs.
While animal models have been used in the majority of
these studies, there is an increasing number of studies
in human cells, tissues and serum, confirming the key
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role of miRNAs in ALD
. A summary of all available
studies is shown in Table 1. In addition, a summary of
the regulatory actions of miRNAs in the inflammatory
response according to the different cell types involved,
is displayed in Figure 1.
Hepatocytes: Some miRNAs (e.g., miR-34a and miR200a) are responsible for the induction of hepatocytic
[29,31]
apoptosis during ALD development
. In addition,
secretion of miRNAs in exosomes (e.g., miR-122)
can cause an increase in inflammatory response by
[32]
targeting monocyte/macrophage cells , ultimately
leading to hepatocytic injury. MiRNAs action and
pleiotropic effects could be different depending on the
cell in which they act; thus, miR-122 could have a
protective role inside the hepatocyte during alcohol[33]
induced liver damage . Increase in oxidative stress
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Monocyte
Ethanol

miR-27a

miR-212

Gut

miR-122
Ethanol

LPS

TLR4

miR-155
miR-181b-3p

Hepatocyte

↓ miR-21

↑ ROS and
acetaldehyde
Hepatocyte
fragments

NF-κB

miR-291b

miR-34a
miR-200a

miR-182

↓ miR-26

NF-κB
Inflammatory
cytokines

miR-217

↓ miR-21

Kupffer's cell
Inflammation

TGF

miR-34a

↓ let-7

Fibrosis
↓ miR-378a-3p
Hepatic stellate cell

Figure 1 MicroRNAs involved in the pathogenesis of alcoholic liver disease. miRNAs preceded by a ↓ symbol are decreased in ALD or inhibit the development
of ALD. The remainder of miRNAs promotes the development of ALD. TLR4: Toll-like receptor 4; TFG: Transforming growth factor; ALD: Alcoholic liver disease; ROS:
Reactive oxygen species; NF-kB: Nuclear factor-kB. Figure adapted from Laso et al[10].
[41]

more hepatic inflammation . Toll Interacting Protein
(Tollip), another down-regulator of the TLR4-NF-κB
[42]
pathway, is inhibited by miR-291b .

and alterations of enzymatic function in hepatocytes
[24,34]
are also regulated by miRNAs
. Conversely, miRNAs
may also have a protective role in ALD. For example
[35]
miR-26a can increase autophagy
and miR-21 can
[36,37]
inhibit alcohol-induced apoptosis
.

Hepatic stellate cells (HSCs): HSCs, responsible
for the development of liver fibrosis, are regulated by
several miRNAs, including let-7. The downregulation of
let-7 by LPS and alcohol use causes an increase in HSCs
[27]
activation . In addition, chronic alcohol consumption
has been linked to an overexpression of miR-34a,
which increases the expression of proteins such as
transforming growth factor-β1 (TFG-β1), leading to a
[43]
higher survival of HSCs through apoptosis inhibition .

Kupffer cells (KCs): miR-155, which is increased by
chronic alcohol consumption through NF-κB induction,
has been shown to be the main regulator of KC activation
[38]
and function . miR-155 inhibits the expression of
multiple TLR4/NF-κB inhibitory regulators such as Src
homology 2 domain-containing inositol phosphatase
1 (SHIP1) and Suppressor of cytokine signaling 1
[38,39]
(SOCS1)
leading to an increase in KC response to
[39]
LPS and ultimately the development of liver fibrosis .
The Keap1/Nrf2 pathway could also be involved in
[17]
miR-155 role in ALD development and KCs regulation .
Other miRNAs, such as miR-181b-3p, are also linked
to increased LPS-sensitivity through the TLR4-NF-κB
[40]
pathway . In addition, miRNAs have been shown to
regulate Sirtuin-1-Lipin-1, an inflammatory response
mediator, leading to the down-regulation of the NFκB pathway via de-acetylation. Alcohol consumption
increases miR-217 expression, which in turn down[41]
regulates sirtuin-1-Lipin-1 , consequently leading to
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Other cell types: In addition to the cell types described
above, other cells involved in ALD development, such as
[44]
circulating monocytes (by miR-27a ), and circulating
[45]
neutrophils, (by miR-223 ) are regulated by miRNAs.
In addition, miR-212 has been shown to increase
permeability to LPS by altering cells of the intestinal
[46]
mucosa .
Due to the role of miRNAs in ALD and the modulatory
effects of alcohol consumption on miRNA expression,
it is plausible to hypothesize that genetic variations in
certain miRNAs may lead to altered miRNA function and
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an increased risk of liver damage. Consequently, we
and others have analyzed the relationship of alcoholrelated diseases and polymorphisms within miRNA
[47,48]
genes or miRNA targets
. Interestingly, the miR146a C>G rs2910164 variant is linked to a susceptibility
[47]
to alcohol use disorder
and the pre-miR-27a A>G
rs895819 polymorphism is linked to a higher alcohol
[49]
intake , suggesting a potential relationship between
these genetic variants and alcohol-related diseases. The
lack of replication studies precludes any conclusions
regarding these SNPs, and to date, only rs738409
polymorphism within the PNPLA3 gene is clearly linked
[50]
to a higher susceptibility to ALD .

miRNAs in the treatment of liver disease. A recent study
found that treatment with hyaluronic acid normalized
miR-181b-3p and Importin α5 levels in ethanol-fed mice,
protecting them from ethanol-induced liver and intestinal
[40]
damage . In addition, hyaluronic acid normalized the
miR-291b/Tollip pathway, leading to a lower sensitization
of monocytes/macrophages to ethanol-induced activation
[42]
via TLR4 . While both studies were performed in animal
models, taken together they suggest a potential role
for hyaluronic acid as a therapeutic regulator of the KC
response to ethanol via miRNA modulation.
The role of miR-155 in KC and miR-122 in hepato
cytes suggest that these miRNAs may serve as potential
targets for treatment of ALD. Miravirsen, an miR-122
inhibitor, has shown promising results in chronic hepatitis
[56,57]
C treatment
, suggesting its potential usefulness
in ALD. A recent study showed that the restoration
of miR-122 in hepatocytes could have a protective
[33]
role against ALD development . These apparently
contradictory results could reflect the ability of miRNAs
to develop different actions in different cells and also
[32]
its relevance in inter-cellular communications . In this
sense, the therapeutic action of Miravirsen over viral
replication could be explained by the interruption of
[57]
these communications . In addition, other potential
therapeutic miRNAs currently under development for
other diseases, such as cardiac fibrosis and remodeling
[58]
or vascular disease , could serve as potential targets
for ALD. There is indirect data that inhibition of miR-155,
may lead to decreased sensitivity of KC to LPS-mediated
[39]
activation .
In addition to the inhibition of detrimental miRNAs,
stimulation of protective miRNAs could also serve as
a potential therapeutic target. For example, miR-21,
[36]
which aids hepatocyte regeneration ; miR26a, which
[35]
protects hepatocytes from fibrosis development ;
miR-223, which inhibits neutrophil activation and
[45]
liver infiltration ; and miR-378, which exerts a stop[59]
signaling action in HSC , are all potential targets for
treatment. There are no clinical trials to date involving
these miRNAs as therapeutic targets in ALD and further
studies will be necessary before clinical application.

miRNAs as a target for diagnosis and treatment of ALD

The clinical use of miRNAs as a diagnostic tool or
[51]
therapeutic agent in ALD has not been well studied .
However, over the last years, an increasing number of
miRNAs have been proposed as potential biomarkers
of ALD. The following is a review of the most promising
results.
miR-192 and miR-30a: It has been shown that
serum levels of miR-192 and miR-30a are significantly
correlated with the diagnosis of alcoholic hepatitis.
Therefore, these miRNAs may be useful in the
diagnosis, staging, and monitoring of patients with this
[23]
specific form of ALD .
miR-27a: miR-27a has been linked to monocyte
differentiation and is increased in extracellular plasmatic
vesicles of patients with alcoholic hepatitis, making it a
[52]
potentially useful diagnostic tool .
miR-182: An elevated level of miR-182 has been linked
to greater disease severity and liver injury in alcoholic
hepatitis. The correlation between miR-182 and disease
severity, however, has only been shown in liver biopsies,
[30]
limiting its application as a diagnostic tool .
miR-103 and miR-107: A prior study found that
miR-103 and miR-107 were increased in liver from
patients with ALD and with NAFLD, but not in healthy
[53]
livers or in subjects with viral hepatitis .

ROLE OF MIRNAS IN NAFLD

miR-155 and miR-122: Increased blood levels of
[32,54]
[55]
miR-155
and miR-122
have been found in
healthy individuals after binge drinking and in a murine
model of liver damage. While these miRNAs could be
potential biomarkers of alcohol intake or alcohol liver
damage, they are increased in several types of liver
disease and therefore are unlikely to be specific to
[54]
ALD .

NAFLD is defined as the accumulation of fat in the
liver in the absence of alcohol intake, viral infection or
other specific causes of liver disease. NAFLD represents
a spectrum of disorders ranging from the simple
accumulation of triglycerides in hepatocytes (hepatic
steatosis) to steatosis with inflammation [non-alcoholic
[60]
steatohepatitis (NASH)], fibrosis and cirrhosis . NAFLD
and NASH have rapidly become the most common cause
of chronic liver disease worldwide in recent decades.
The prevalence of these diseases has been estimated
[61]
between 25% to 45% of the general population with
a greater prevalence in patients with obesity, diabetes
mellitus or metabolic syndrome, in which case, the

Therapeutic application of miRNAs in ALD

There are no studies to date supporting a therapeutic
role for miRNAs in ALD. Available data, however, suggest
a potential role for the inhibition or activation of some
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[62-64]

prevalence of NAFLD can reach 70% to 90%
. It is
estimated that by 2020 cirrhosis related to NAFLD will be
[65]
the first indication for liver transplantation .

adenosine 5’-monophosphate-activated protein kinase
[80]
(AMPK) . Moreover, the relationship of miR-122 with
the development and progression of hepatic fibrosis has
been demonstrated in vitro, through the regulation of
HSC proliferation and production of collagen by targeting
[88]
prolyl 4-hydroxylase subunit α-1 (P4HA1) .

Pathogenic role of miRNAs in NAFLD

The pathogenesis of NAFLD, along with the
underlying mechanisms of progression from steatosis
to steatohepatitis, has not been fully elucidated.
[66]
Traditionally, the “two hit” theory
has been upheld.
The “first hit”, which includes insulin resistance leading
to the accumulation of fat in the liver, is followed by a
“second hit”, consisting of the interaction of inflammatory
cytokines, mitochondrial dysfunction and oxidative
stress, leading to hepatocellular injury, inflammation
[67]
and fibrosis . However, more recently, multiple factors
have been implicated in the pathogenesis of NAFLD,
such that the “two hit” theory has been replaced
[68]
by a “multiple-hit” hypothesis . The “multiple-hit”
theory includes the involvement of insulin resistance,
adipose tissue dysfunction, mitochondrial dysfunction,
endoplasmic reticulum stress, dietary factors, fatty acids,
iron overload, inflammatory activation, LPS produced
by gut microbiota, a chronic inflammatory state, and
genetic and epigenetic factors in the pathogenesis and
[68-70]
progression of NAFLD
. Accordingly, the following is
a summary of the research implicating several miRNAs
in the regulation of key targets in the development of
[8]
NAFLD . It is of special interest that recent studies
have reported differences in miRNA expression between
liver samples from patients with NAFLD and controls.
Specifically, livers from patients with NAFLD express an
upregulation of miR-31, miR-33a, miR-34a, miR-144,
miR-146b, miR-150, miR-182, miR-183, miR-200a,
miR-224, and miR-301a and a down regulation of
miR-17, miR-122, miR-296, miR-373, miR-375 and miR[71-76]
378c
. Among these miRNAs, miR-34a, miR-122,
and miR-155 have been most often associated with the
pathogenesis of NAFLD and as such, the following is a
review of these miRNAs in detail. Table 2 displays a list
of all miRNAs that have been associated with NAFLD
through February 2018.

miR-34a: miR-34a is overexpressed in both murine
models of NAFLD (e.g., mice fed a high-fat diet) and
[81,87,89,90]
liver and serum from patients with NAFLD
.
The main target of miR-34a is Sirtuin 1 (SIRT1),
which regulates energy homeostasis by activating
transcription factors such as peroxisome proliferator
activated receptors (PPAR) α and liver X receptor (LXR).
In addition, SIRT1 inhibits the co-activator 1α of the
PPAR-γ (PGC1-α), the SREBP-1c and the farnesoid X
receptor (FXR). SIRT1 is downregulated in the liver of
[91]
NAFLD patients and the inhibition of miR-34a restores
the expression of SIRT1 and PPAR-α, leading to the
activation of AMP-activated protein kinase (AMPK) and
several target genes of PPAR-α. These findings suggest
a fundamental role for miR-34a in the dysregulation of
[92]
lipid metabolism associated with NAFLD .
miR-155: miR-155 is an important regulator of immune
cells in both humans and mice and is involved in several
[93]
inflammatory processes, such as rheumatic diseases ,
[94]
lipid metabolism
and in ALD (as described above).
In patients with NAFLD, miR-155 is dysregulated by
adipogenic transcription factors CCAAT/enhancer binding
[95,96]
protein (C/EBP)-α, C/EBP-β, PPAR-γ and LXRα
,
fibrosis targets platelet derived growth factor (PDGF),
[97]
Smad3 and C/EBP-β , and a tumor suppressor in the
[90,98]
liver, SOCS-1
. However, animal models of NAFLD
show contradictory results. For example, miR-155
deficient mice fed a high-fat diet showed a significant
[98]
increase in hepatic steatosis , while miR-155 KO
mice fed a methionine-choline-deficient diet showed a
decrease in steatosis and expression of genes involved in
fatty acid metabolism and fibrosis, with no concomitant
[97]
liver injury or inflammation . In addition, miR-155 may
[99]
also be involved in hepatocarcinoma development .
These findings suggest that miR-155 may have different
roles in fat storage and lipid accumulation in liver
diseases and healthy subjects. However, additional
[97]
research is warranted .

miR-122: miR-122 is the most abundant miRNA in the
[77-79]
liver and plays a fundamental role in liver physiology
[80]
and lipid metabolism . miR-122 interacts with multiple
important lipogenic factors in human NAFLD, such
as acetyl coA carboxylase-2 (ACC2) and the sterol
[71,81,82]
regulatory element binding protein (SREBP)
.
[83-85]
miR-122 is decreased in liver samples
but increased
[84,86,87]
in serum
from patients with NAFLD compared
to healthy controls. Despite this somewhat paradoxical
finding, the association of miR-122 with NAFLD
pathogenesis is well established. Inhibition of miR-122
in high-fat fed mice is associated with a significant
reduction in hepatic steatosis and plasma cholesterol
levels, which was associated with a reduction in hepatic
sterol and fatty acid synthesis rates and stimulation of
hepatic fatty-acid oxidation mediated by activation of
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miRNAs as biomarkers in the diagnosis of NAFLD

As shown in Table 2, many miRNAs are differentially
expressed in patients with NAFLD compared to healthy
controls. These miRNAs may serve as potential
biomarkers in the diagnosis and staging of NAFLD.
miR-122: Several studies have found that miR-122
[81,86,100-102]
is elevated in serum in NAFLD patients
,
even long before an alteration in transaminase levels
[103]
occurs
. The diagnostic potential of miR-122 may
extend to an indicator of disease severity and as a
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Table 2 Summary of microRNAs associated with non-alcoholic fatty liver disease
miRNA
miR-9[129]
miR-10b[130]
miR-15b[131,132]
miR-16[104]
miR-17[74]
miR-19[84]
miR-21[86,87,99,133-136]

miR-21[85,89,137,138]

miR-24[139]
miR-26[140]
miR-27a[141]
miR-27b[102]
miR-29a[142,143]
miR-29c[85,89,90]
miR-30b[83]
miR-30c[144]
miR-31[74,89]
miR-33a[73,76]
miR-33a[85]
MiR-34a[71,81,82,85,87,89,90,92,104,105,145-148]

miR-99a[149]
miR-101[150]
miR-103[53,89,151]
miR-103a[152]
miR-106b[152]
miR-107[53,89]
miR-122[81,84,86,87,101-104,106,153]
miR-122[71,82-85,89,90,99,106,141,154,155]

Source of samples

Change

Main targets

Human serum;
Human hepatocyte cell line
Human hepatocyte cell line
Animal models
Human serum
Human serum
Human liver
Human serum
Animal models
Human hepatocyte cell line
Human liver and serum
Animal models
Human liver
Human hepatocyte cell line
Animal models
Human hepatocyte cell line
Animal models
Animal models
Human serum
Animal models
Animal models
Human liver
Human hepatocyte cell line
Human serum
Human liver
Animal models
Human liver
Human liver
Animal models
Human hepatocyte cell line
Human liver and serum
Human serum
Human hepatocyte cell line
Human monocyte cell line
Animal models
Human liver and serum
Human liver
Human hepatocyte cell line
Human liver
Animal models
Human liver
Animal models
Human Serum
Animal models

Upregulated

Onecut2; SIRT1

Downregulated
Upregulated

PPARα

Upregulated
Downregulated
Upregulated
Upregulated

Downregulated

HMGCR; FABP7

Upregulated

Insig1; SREBP

Downregulated
Downregulated
Upregulated
Downregulated
Downregulated
Downregulated

IL-6, IL-7

miR-146a[132]
Mir-146b[149,159]

miR-146b[71,83,158]

miR-149[160]
miR-150[74]
miR-152[158]
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Human serum
Animal models
Human liver
Human Liver
Animal models
Animal models
Human hepatocyte cell line
Animal models
Human hepatocyte cell line
Animal models
Human serum
Human hepatocyte cell line
Animal models
Human liver
Human hepatocyte cell line
Animal models
Human hepatocyte cell line
Human liver
Animal models
Human hepatocyte cell line

4110

HMGCR; LPL
DNMT3A; DNMT3B
ITGAX; FABP4

Upregulated
Upregulated
Upregulated
Downregulated
Upregulated

SIRT1; HNF4α; PPARα

Downregulated
Upregulated

ABCA1

Upregulated

Cav1

ABCA1; ABCA2

Upregulated
Upregulated
Upregulated

Cav1

Upregulated
Downregulated

Human liver
miR-125b[84]
miR-125b[156]
miR-139-5p[83]
miR-144[76]
miR-144[157]
miR-146a[158]

PPARα; TGF-β
PTEN

ACC-2; HAMP; FAS;
HMGCR; SREBF-1c
SREPBF-2; HIF-1α;
Vimentin; MAP3K3

Upregulated
Downregulated
Downregulated
Upregulated
Downregulated
Upregulated

FAS
TNFα
ABCA1
TLR-2

Downregulated

Wnt1; Wnt5

Downregulated

IRAK1
TRAF6

Upregulated

Upregulated

FGF-21

Upregulated
Upregulated
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miR-155[90,97-99,161,162]

Animal models
Human hepatocyte cell line
Animal models
Human liver and serum
Animal models
Human serum
Human liver
Human liver
Animal models
Human liver
Animal models
Human liver and serum
Animal models
Human serum
Animal models
Human hepatocyte cell line
Human liver
Animal models
Human hepatocyte cell line
Animal models
Animal models
Human hepatocyte cell line
Human liver
Animal models
Animal models
Human liver
Human liver
Animal models
Animal models
Animals models
Human serum
Human liver
Animal models
Animals model
Human serum
Animal models
Human serum
Human liver
Animal models
Human liver
Animal models
Human Serum
Animal models
Human liver
Animal models
Human liver
Human hepatocyte cell line
Human liver
Human liver
Human hepatocyte cell line
Human serum

miR-155[96]
miR-181a[82]
miR-181d[149]
miR-182[74]
miR-183[74]
miR-192[84,90]
miR-192-5p[82,84,86,102,106]
miR-194[89]
miR-197[149]
miR-199[163]

miR-200a/b/c[74,82,89,90,141,158,162,164]
miR-203[90,132]
miR-212[165]
miR-214[71,166]
miR-216[167]
miR-219a[74]
miR-221[73]
miR-221[89,90,99]
miR-222[99]
miR-223[86,164]
miR-224[73,74]
miR-291b[168]
miR-302a[167]
miR-331[144]
miR-335[89]
miR-375[84]
miR-378i[74]
miR-421[169]
miR-422a[83]
miR-429[141]
miR-451[87]
miR-451[89,141,170]
miR-467b[171]
miR-576[152]
miR-590[74]
miR-892a[152]
miR-1290[102]

Upregulated
Downregulated
Upregulated
Downregulated
Upregulated
Upregulated
Downregulated

SOCS1; C/EBP-Β; CES3;
PDGF; SMAD3
LXRα

FOXO3

Upregulated
Upregulated
Downregulated
Upregulated

Cav1; PPARα

Upregulated

ZEB1; CDH1; EZH2; IRP1

Downregulated
Upregulated

FGF-21

Upregulated
Downregulated
Downregulated
Downregulated
Upregulated
Upregulated
Upregulated

IRP1

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

AMPK/AKT

Downregulated
Downregulated

LPL
RAC1

AMPKα1
ELOVL6

SIRT-3

Downregulated
Upregulated
Upregulated

Onecut2: One cut homeobox 2; SIRT: Sirtuin; PPARα: Peroxisome proliferator activated receptor α; TGF-β: Transforming growth factor β; PTEN:
Phosphatase and tensin homolog; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; FABP: Fatty acid binding protein; Insig1: Insulin induced gene
1; SREBP: Sterol regulatory element binding protein; IL: Interleukin; LPL: Lipoprotein lipase; DNMT: DNA methyltransferase; ITGAX: Integrin subunit α
X; ABCA: ATP binding cassette subfamily A; HNF4α: Hepatocyte nuclear factor 4 α; Cav1: Caveolin 1; ACC-2: Acetyl-CoA carboxylase 2; SREBF: Sterol
regulatory element binding transcription factor; HIF-1α: Hypoxia inducible factor 1 α; MAP3K3: Mitogen-activated protein kinase kinase kinase 3; FAS:
Fatty acid synthase; TNFα: Tumour necrosis factor α; TLR-2: Toll-like receptor 2; Wnt: Wnt family member; IRAK1: Interleukin 1 receptor associated kinase
1; TRAF6: TNF receptor associated factor 6; FGF-21: Fibroblast growth factor 21; SOCS1: Suppressor of cytokine signaling 1; C/EBPβ: CCAAT/enhancer
binding protein β; CES3: Carboxylesterase 3; PDGF: Platelet derived growth factor; SMAD3: SMAD family member 3; LXRα: Liver X receptor; FOXO3:
Forkhead box O3; ZEB-1: Zinc finger E-box binding homeobox 1; CDH1: Cadherin 1; EZH2: Enhancer of zeste 2 polycomb repressive complex 2; IRP1: Iron
regulatory protein 1; AMPKα1: AMPK: Adenosine monophosphate activated protein kinase α 1; ELOVL6: ELOVL fatty acid elongase 6; AMPK: Adenosine
monophosphate activated protein kinase; AKT: AKT serine/threonine kinase 1; RAC1: Ras-related C3 botulinum toxin substrate 1.
[82,84,87,104]

predictor of hepatic fibrosis

.

severity of NAFLD. Several studies have shown that miR34a is upregulated in the liver and serum of patients
[71,81,82,104]
with NAFLD
. Additionally, elevated serum levels
of miR-34a correlate with disease severity from simple

miR-34a: Similar to miR-122, miR-34a has also been
shown to have potential as a biomarker of diagnosis and
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steatosis to steatohepatitis, with liver enzyme levels, with
[82,104,105]
fibrosis stage and with inflammation activity
.

in chronically infected HCV patients without detectable
[108]
resistance
. The fact that miR-122 has protective
effects on NAFLD, while imposing a deleterious impact
on HCV infection, emphasizes the importance of cautious
targeting of miRNAs therapy since the role of miRNAs
[115]
can be highly context dependent .
circRNA_0046366 antagonizes miR-34a and
normalizes PPARα signaling, leading to the amelioration
[116]
of liver steatosis in a murine model . However, a phase
I study on the effects of a miR-34 mimic (MRX34) on
primary liver cancer and advanced or metastatic cancer
with liver involvement (ClinicalTrials.gov Identifier:
NCT01829971) was prematurely terminated due to
[108]
serious immune-related adverse events , highlighting
the potential risks of miRNA based-therapies.

miR-192: Serum miR-192 levels are positively
correlated with the severity of NAFLD-specific liver
pathomorphological changes in mice fed a choline
[82]
and folate deficient diet
and miR-192 upregulation
[82,84,86,102,106]
in human serum has been demonstrated
.
Interestingly, serum levels of miR-122 and mir-192
[84,86]
have been shown to be strongly correlated
.
Panels: In addition to individual miRNAs, a serum
panel comprised of hsa-miR-122-5p, hsa-miR-1290,
hsa-miR-27b-3p, and hsa-miR-192-5p has shown high
NAFLD diagnostic accuracy, regardless of NAFLD activity
[102]
score (NAS) status . Another research group found
that NAFLD was associated with an miRNA signature
based on up-regulation of miR-122, miR-192, miR-19a,
[84]
miR-19b, miR-125b, and miR-375 .
It is important to mention that most studies have
compared patients with NAFLD to healthy controls
[105]
[104]
or patients with chronic viral hepatitis B
or C
.
However, no comparisons have been performed, to our
knowledge, between patients with NAFLD and patients
with ALD.

CONCLUSION
All except four (miR-199, miR-212, miR-214 and
miR-497) of the 21 miRNAs associated with ALD, listed
in Table 1, are also related to NAFLD or lipid metabolism
(although the four have been associated with other
[117]
diseases, such as cancer ). Conversely, miRNAs that
are related to the pathogenesis of NAFLD (miR-122,
miR-34a and miR-155) are also clearly linked to ALD.
These results reflect the common mechanisms between
NAFLD and ALD and also the pleiotropic effects of any
particular miRNA.
Due to the lack of specificity of miRNAs, the
development of a biomarker or treatment specific to ALD
or NAFLD is difficult. It is more feasible that individual
miRNAs or a panel of miRNAs would be useful in the
staging of liver disease (e.g., distinguishing simple
[118]
steatosis in ALD or NAFLD from steatohepatitis)
.
miR-122 is the most promising candidate as a biomarker
due to its liver specificity. It is clear however, that
miR-122 is also a marker of liver damage regardless of
[119]
etiology . Technical limitations, such as standardization
of techniques and potential costs, add to the difficulties
inherent to the development of a validated diagnostic
biomarker. Circulating miRNAs are promising as
biomarkers due to their stability and potential ability to
detect advanced liver disease without a biopsy. However,
rigorously validated studied are needed before they can
[119]
be brought to the clinic .
The development of miRNA-targeted interventions
for ALD and NAFLD is an intriguing area of research.
However, despite the success in animal models and the
potential targets described in this review, to the best
of our knowledge there are no current clinical trials for
miRNA interventions in ALD or NAFLD. The few studies
that are being conducted on miRNA treatment in other
diseases are phase 1 studies in the field of cancer research
(e.g., assessing the activity of miRNA-loaded minicells
[120]
or TargomiRs in malignant pleural mesothelioma
).
Theoretical miRNA-based therapies are pharmacologically
complex and include miRNA inhibition (e.g., synthetic

Therapeutic application of miRNAs in NAFLD

As previously mentioned, miRNAs are involved in several
stages of NAFLD development (from lipid metabolism
or diabetes to liver inflammation), and are therefore
[7,107]
potential therapeutic targets
. The expression of
[53,89]
miR-103 and miR-107 is upregulated in obese mice
.
Inactivation of miR-103/107 in murine adipocytes
upregulates caveolin-1 (a critical mediator of the insulin
receptor) leading to enhanced insulin signaling, decreased
adipocyte size and enhanced insulin-stimulated glucose
[53,108]
uptake
. An N-acetylgalactosamine (GalNAc)conjugated anti-miR-103/107 (RG-125/AZD4076,
Regulus Therapeutics) has been developed for the
treatment of NAFLD and type 2 diabetes or pre[108-110]
diabetes
. Currently, two clinical trials are registered
using this drug in patients with NAFLD (ClinicalTrials.
gov Identifier: NCT02826525 and NCT02612662),
although Regulus has acknowledged that AstraZeneca
intends to terminate the clinical development of RG-125/
[108,111]
AZD4076
.
miR-122 has also shown promising results as a
treatment for NAFLD. There is a high concentration
[112]
of miR-122 in liver tissue
and this miRNA plays an
important role in liver development, differentiation,
[113]
homeostasis and functioning
. Over-expression of
miR-122 may affect the Ying Yan 1 and Farnesoid X
Receptor (YY1-FXR-SHP) regulatory axis leading to
a reduction in hepatic triglyceride levels, potentially
[114]
serving as a target for NAFLD treatment . miR-122 is
also an essential host factor for hepatitis C virus (HCV)
replication and anti-miR-122 efficiently reduces viral load
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anti-miRNAs) or miRNA replacement therapy (e.g., lipid
[121]
vesicles or gold nanoparticles) . One major challenge
to the development of miRNA-based therapies is the
improvement of drug delivery systems. Due to the
biochemical instability of unmodified miRNAs and potential
immunogenicity, specific delivery to target organs should
be achieved. The high degree of redundancy among
miRNAs and the multiple binding sites for any given
miRNA must also be taken into account when designing
[122]
efficacious and safe miRNA-based therapies .
To sum up, there is a large body of literature
regarding miRNAs in NAFLD and ALD at various stages
of the disease. These studies include expression data
from microarrays and next generation sequencing from
animal models and human studies, and cell-specific
data from in situ hybridization and sensor constructs.
The role of miRNAs in pathogenesis is well-documented
and as such, their potential value as biomarkers or
therapeutic targets is warranted. However, most
miRNA modifications have a modest phenotypic effect,
since miRNAs are unlikely to be the single key factor
in chronic and multifactorial diseases such as liver
[123]
steatosis . Instead, most miRNAs act as fine-tuners
in disease pathways and this characteristic, along with
their lack of specificity must be considered before
use in the clinic. To this end, we must improve our
understanding of the interaction of different miRNAs in
the development of advanced liver disease.
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Abstract
The extracellular calcium-sensing receptor (CaSR) is
best known for its action in the parathyroid gland and
kidneys where it controls body calcium homeostasis.
However, the CaSR has different roles in the
gastrointestinal tract, where it is ubiquitously expressed.
In the colon, the CaSR is involved in controlling multiple
mechanisms, including fluid transport, inflammation,
cell proliferation and differentiation. Although the
expression pattern and functions of the CaSR in the
colonic microenvironment are far from being completely
understood, evidence has been accumulating that the
CaSR might play a protective role against both colonic
inflammation and colorectal cancer. For example, CaSR
agonists such as dipeptides have been suggested to
reduce colonic inflammation, while dietary calcium was
shown to reduce the risk of colorectal cancer. CaSR
expression is lost in colonic malignancies, indicating that
the CaSR is a biomarker for colonic cancer progression.
This dual anti-inflammatory and anti-tumourigenic role
of the CaSR makes it especially interesting in colitisassociated colorectal cancer. In this review, we describe
the clinical and experimental evidence for the role
of the CaSR in colonic inflammation and colorectal
cancer, the intracellular signalling pathways which are
putatively involved in these actions, and the possibilities
to exploit these actions of the CaSR for future therapies
of colonic inflammation and cancer.
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The CaSR is a multifaceted GPCR that couples
to several heterotrimeric G proteins. It modulates
[11]
signalling pathways downstream of Gq/11, Gi/o, G12/13
[12]
and in specific cell contexts Gs . Signalling output
by the CaSR is also ligand-dependent as well as celltype specific, thus adding to the diversity of the CaSR[5,16-26]
mediated signalling pathways. Table 1
shows
examples of both naturally occurring and synthetic
CaSR ligands and their reported direct effects on
inflammation and cancer in vivo.
2+
Mutations in the CASR gene result in Ca homeostasisrelated diseases, including familial hypocalciuric hypercal
caemia (FHH1) and neonatal severe hyperparathyroidism
(NSHPT), both of which are caused by inactivating
mutations, as well as autosomal dominant hypocalcaemia
(ADH1), which is caused by activating mutations (for
[27]
review see ). Such disease causing mutations result in
altered signalling output by the receptor and/or reduced
[28]
cell surface expression . In the intestines, more focus
is directed towards the CaSR as a therapeutic target for
intestinal diseases including diarrhoea, inflammatory
bowel disease and colorectal cancer. In the colon,
loss of CaSR expression is associated with colonic
[29]
tumourigenesis . In addition, clinical trials show that
2+
Ca intake can favourably modulate normal colon
tissue and circulating inflammation biomarkers for risk
of colorectal neoplasms in sporadic colorectal adenoma
[17]
patients . This has led to the hypothesis that the
CaSR plays a role in cancer prevention. In the following
sections, we highlight the role of the CaSR in intestinal
inflammation and colorectal cancer.

Core tip: The extracellular calcium-sensing receptor
(CaSR) is best known for its roles in maintaining
body calcium homeostasis, but it is also expressed
in the intestines where it is assumed to be involved
in pathologies such as inflammatory bowel disease
and colorectal cancer. It has been suggested to act
as a tumour suppressor in colorectal tumourigenesis.
In this review we highlight the evidence for the antiinflammatory and anti-tumourigenic roles of the CaSR,
its signalling pathways, and its potential for future use
as a drug target in the context of inflammatory bowel
disease and colorectal cancer.
Iamartino L, Elajnaf T, Kallay E, Schepelmann M. Calciumsensing receptor in colorectal inflammation and cancer: Current
insights and future perspectives. World J Gastroenterol 2018;
24(36): 4119-4131 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i36/4119.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i36.4119

INTRODUCTION
Extracellular calcium-sensing receptor

The extracellular calcium-sensing receptor (CaSR)
was first identified in bovine parathyroid cells. It is a
G protein-coupled receptor (GPCR) that is activated
2+
by extracellular calcium (Ca ), which acts as a first
[1]
messenger of the CaSR signalling cascade . The main
2+
physiological role of the CaSR is to control serum Ca
levels through regulating the synthesis and secretion
of parathyroid hormone (PTH), which acts directly on
the kidneys, bones and indirectly on the intestines
[2]
to maintain normocalcaemia . Therefore, the CaSR
2+
acts as a “calciostat” which maintains serum Ca
concentration within a tight range (1.1-1.3 mmol/L
2+
free ionised Ca ) and is expressed in calcitropic tissues,
such as parathyroid glands, kidneys and bone. In
2+
addition to its pivotal role in maintaining serum Ca
homeostasis, the CaSR also regulates non-calcitropic
functions, such as gene expression, smooth muscle
contraction, differentiation, proliferation, inflammation,
and ion channel activity in other tissues, such as the
colon, liver, vasculature, lung, pancreas, brain and the
[3-6]
placenta . The CaSR is also expressed along the
entire gastrointestinal (GI) tract and regulates various
functions in the intestines. These include dual regulation
of fluid transport, where it stimulates Cl and short chain
fatty acid-dependent HCO3 secretion, but inhibits cyclic
adenosine monophosphate (cAMP)-dependent HCO3
[7]
secretion . In addition, the CaSR is expressed in the
[8]
myenteric plexi where it regulates gut motility . It also
[9]
acts as a nutrient sensor for digestion products , such
as amino acids. Additionally, it plays a role in intestinal
inflammation and in the maintenance of gut microbiota
[10]
and immune homeostasis .

WJG|www.wjgnet.com

ROLE OF THE CaSR IN INFLAMMATION
The CaSR is expressed in a wide range of inflammationassociated cell types where it regulates various
functions. It is expressed in immune cells including
[5,30,31]
macrophages, eosinophils and monocytes
. In
these CaSR-expressing human and murine circulating
2+
monocytes, extracellular Ca induces a chemokinetic
[32]
effect . The CaSR is also implicated in immune
regulation where it plays a dual role: as a responder
to inflammatory cytokine release on the one hand,
and as a promoter of inflammation on the other. The
link between the CaSR and inflammation has been
explored in several studies. In vitro, inflammatory
cytokines upregulate the CaSR expression in various
cell types through defined response elements on the
[33,34]
CASR gene
. In vivo studies also suggest a link
between inflammatory cytokines and the CaSR, as
intraperitoneal injection of IL-1β and IL-6 reduced
PTH and 1,25(OH)2D3 levels followed by a decrease
2+[33,35]
in serum Ca
. Furthermore, clinical studies show
that hypocalcaemia occurs in critically ill patients where
[36]
plasma inflammatory cytokines levels are increased .
In addition, the expression of the CaSR is increased
in monocytes from rheumatoid arthritis patients with
[37]
severe coronary artery calcification .
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[13-15]

Table 1 Examples of orthosteric agonists and allosteric modulators of the calcium-sensing receptor
Ligand type

Class and examples

Orthosteric agonists

Combined orthosteric and
allosteric modulators

Allosteric modulators
(calcimimetics and calcilytics)

Reported effects on inflammation

Reported effects on cancer

Reduces inflammation in mouse High Ca2+ intake: Associated low
models of colitis
risk for CRC
Intake is correlated with reduced
inflammation
Polyamines: Spermine spermidine,
Increase airway inflammation Reduce pancreatic cancer growth
putrescine
and hyperresponsiveness
in mice
Aminoglycoside antibiotics:
Neomycin, gentamycin, tobramycin
Basic polypeptides: poly-l-arginine,
Induces airway inflammation
1
Reduces inflammation in mouse
poly-l-lysine, and amyloid
models of colitis
β-peptides
D-amino-acid polypeptides:
Etelcalcetide
L-amino acids: Phenylalanine,
tryptophan
Glutamyl dipeptides: 1γ-Glu-Val,
Reduces inflammation in mouse
1
models of colitis
γ-Glu-Cys
Small molecule calcimimetics:
Increases airway
Treatment of parathyroid
Sensipar (1Cinacalcet HCl),
hyperresponsiveness
tumours
Inhibits neuroblastoma tumour
NPS-R568, GSK3004774
growth
Reduces hypercalcaemia of
malignancy
Small molecule calcilytics:
Reduces pulmonary
1
NPS-2143, Calhex, Ronacalaret,
inflammation and airway
AXT-914
hyperresponsiveness in rodents
Inorganic divalent and trivalent
cations: Zn2+ 1Ca2+; Mg2+; Gd3+

Ref.
[16-18]

[5,19]

[5,20]

[21]
[5,22-24]

[5,25,26]

1

Indicates the compounds for which the in vivo effects were reported. While many of these modulators have been reported to have in vitro effects on
(cancer) cell lines, evidence of their in vivo activity has remained scarce. The table summarises their known (putatively) CaSR-mediated direct effects on
inflammation and cancer in humans or animals. CRC: Colorectal cancer.

Inflammatory pathways regulated by the CaSR

by an independent group to be protective against
[26]
lipopolysaccharide-induced pulmonary inflammation
and against inflammation caused in cigarette smoke
[25]
extract-stimulated airway epithelial cells . The CaSR
plays a pro-inflammatory role also in human adipose
cells and adipose tissue, where it induced the expression
[41]
of inflammatory cytokines . Paradoxically, in the
intestines the CaSR has been suggested by several
studies to play an anti-inflammatory role. Below, we
highlight the evidence for the anti-inflammatory effects
of the CaSR in the intestines and the potential to exploit
it for nutraceutical and pharmaceutical intervention.

The CaSR regulates diverse and intricate signalling
networks and this regulation is tissue-, and liganddependent. In murine macrophages, the CaSR activates
the NACHT, LRR and PYD domains-containing protein
3 (NLRP3) inflammasome through a mechanism that
2+
involves increased intracellular Ca and decreased
[38]
cAMP levels . Moreover, the CaSR regulates polymor
phonuclear neutrophil function through a mechanism
[39]
that likely involves the NFκB pathway . The mechanism
by which L-tryptophan, L-valine and glutamyl dipep
tides mediate the CaSR-dependent inhibition of proinflammatory cytokine secretion in colonocytes appears
[20,21]
to require β-arrestin 2
. Moreover, in the thick
ascending limb of the kidneys, the CaSR has been shown
to induce TNF-α-dependent cyclooxygenase 2 expression
and prostaglandin E2 synthesis via a Gi-dependent
[40]
mechanism . However, the exact mechanism by which
the CaSR regulates inflammation is still unclear and needs
further investigation.

CaSR IN INTESTINAL INFLAMMATION
In vivo anti-inflammatory effects of the intestinal CaSR

Evidence supporting the role of the CaSR in intestinal
inflammation comes from a study in an intestinal
epithelial cell-specific CaSR knock-out mouse model.
This study showed that deletion of the CaSR from the
intestinal epithelial cells diminished intestinal barrier
integrity, altered the composition of the gut microbiota
[42]
and induced stimulatory inflammatory responses .
These intestine specific CaSR knock-out mice were
more susceptible to dextran sulphate sodium (DSS)induced inflammation leading to colitis, which is a model
for chemically induced inflammation in rodents. Ex vivo
assessment of intestinal permeability revealed that in
the knock-out mice the paracellular transport pathway

Tissue-specific roles of the CaSR in inflammation

Interestingly, regulation of inflammation by the CaSR
appears to be tissue-dependent. One example is the
pivotal role of the CaSR in airway hyperresponsiveness
and inflammation in allergic asthma. Studies on mice
show that the calcilytic NPS-2143 ameliorates the severity
[5]
of allergen-induced airway hyperresponsiveness .
In agreement with that, NPS-2143 was also shown
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was impaired. Consistent with that observation, the
colonic expression of tight junction proteins, particularly
claudin-2, was reduced in knock-out mice, while the
expression of myosin light-chain kinase-1, an enzyme
that controls contractility of the perijunctional actomyosin
rings and epithelial permeability, was significantly
[42]
increased . No significant differences were seen
between the overall richness and diversity of the gut
microbiota of knock-out and wild type littermates, yet
the bacterial composition was significantly changed.
Moreover, intestine specific CaSR knock-out mice had
significantly lower epithelial expression of Reg3β and
Reg3γ that encode secreted C-type lectins which bind
and protect against translocation and dissemination of
bacteria. Furthermore, gene array analysis revealed
increased expression of inflammatory cytokines including
IL-1R in the distal colons of the intestinal epitheliumspecific CaSR knock-out mice, as well as in their colonic
+
+
CD4 and CD8 T lymphocytes. In addition, a marked
increase in NFκB-dependent genes was observed in the
knock-out mice. The expression of programmed cell
death protein 1 (PD-1) was significantly enhanced in
+
+
[42]
colonic CD4 and CD8 T cells .
Similarly, recent studies support the anti-inflammatory
role of the CaSR in a DSS-colitis mouse model, where
poly-L-lysine and glutamyl dipeptides, orthosteric
agonists of the CaSR, reduced inflammation. These antiinflammatory effects were suggested to be dependent on
the CaSR, as their effect was reduced by the intravenous
[20,21]
administration of the calcilytic NPS-2143
. Whether
this inhibition of the anti-inflammatory effects was due
to the systemic actions of the calcilytic or due to a direct
action of the drug at the inflamed tissue is yet unknown.
Studies assessing whether the expression level of the
CaSR is affected by the chronic inflammation of the
intestine in human patients suffering from inflammatory
bowel disease are still outstanding.

expression of the CaSR at the mRNA and protein level
[34]
in some colon cancer cell lines . This was suggested
to be a defence mechanism against inflammation in
the intestines. However, this explanation will have to
be carefully validated, as e.g., in lung epithelium, CaSR
expression is also increased in the inflamed tissue.
There however, the increase (and indeed the CaSR
itself) represent a rather pro-inflammatory mechanism,
as inhibition of the CaSR markedly reduced airway
[5]
inflammation and hyperresponsiveness .
Given that inflammation is a high risk factor for
colorectal cancer, it is imperative to ask the following
question: is there a causal relationship between
activation of the CaSR, reduced inflammation and the
prevention of colorectal cancer? As of yet, this question
remains unanswered. It is unclear whether dietary
or pharmacological activation of the CaSR in the GI
tract prevents inflammation in humans. It is also still
unclear whether loss of the CaSR in colorectal tumours
correlates with loss of its proposed anti-inflammatory
effects. Moreover, it is noteworthy that the presence of
inflammatory cytokines in the GI tract and their effect
on the expression and/or function of the CaSR add to
the complexity of the scenario in vivo. Nonetheless,
[44,45]
inflammation is a key risk factor for colorectal cancer
,
thus targeting the CaSR for mitigating inflammation may
very well contribute to colorectal cancer prevention in
one fell swoop. Below, we summarise the evidence for
the involvement of the CaSR in cancer and specifically
colorectal cancer as well as its potential as a therapeutic
target.

ROLE OF THE CaSR IN CANCER
The CaSR plays a ying-yang role in tumours: while it
is suggested to be an oncogene in breast and prostate
tumours, in parathyroid, neuroblastoma and colorectal
[46-48]
cancers it acts as a tumour-suppressor
. The CaSR
signals via multiple signalling pathways and is sensitive
to many ligands, the bioavailability of which varies
among tissues. The different ligands and different
signalling pathways can generate a tissue-specific
CaSR response, justifying this dual behaviour during
[3,19,29,49-72]
cancer development. Table 2
summarises the
different roles of the CaSR in various types of cancer.

Mechanisms by which the CaSR putatively modulates
colonic inflammation

Studies on colon cancer cell lines using CaSR agonists
and allosteric modulators suggested that the CaSR
influences the production of inflammatory cytoki
nes induced by tumour necrosis factor α (TNF-α).
L-tryptophan and L-valine inhibited interleukin 8 (IL-8)
secretion in both Caco-2 and HT-29 colon cancer
cell lines. This effect was reversed by the calcilytic
[20]
NPS-2143 . In addition, glutamyl dipeptides inhibited
pro-inflammatory cytokines and chemokines including
IL-8, IL-6, and IL-1β, while increasing the expression of
[21]
the anti-inflammatory IL-10 in Caco-2 cells . However,
it was reported that the CaSR is not detectable in colon
cancer cell lines, such as HT-29, which is also supported
by evidence from independent studies indicating the
scarcity of the CaSR in colon cancer tissue and cell
[43]
lines . Therefore, further validation is needed to
confirm whether these anti-inflammatory effects are
actually mediated via the CaSR. Of note, inflammatory
cytokines, such as TNF-α, IL-1β and IL-6, increased the
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CaSR acts both as oncogene and tumour suppressor

The CaSR was implicated in the promotion of metastases
from breast, prostate, and kidney tumours, thus acting
as an oncogene in these tissues. Its oncogenic role is
often mediated by parathyroid hormone related peptide
(PTHrP).
Breast cancer has a tendency to form metastases in
[73]
particular in the bones . Metastases originated from
breast tumours promote bone resorption which, in
turn, causes the release of trophic factors (e.g., TGF-β
and IGF1) that stimulate tumour cell growth, thus
forming a vicious cycle. Osteolysis is driven by osteoclasts
that are activated by PTHrP, which is synthesised and

4122

September 28, 2018|Volume 24|Issue 36|

Iamartino L et al . CaSR in colorectal inflammation and cancer
Table 2 Dual function of the calcium-sensing receptor as tumour suppressor and oncogene in various cancers and the affected
calcium-sensing receptor-coupled signalling pathways
Cancer type

CaSR

Expression of the CaSR

Detection

Proposed signalling pathway

Ref.

Gastric
Prostate

Oncogene
Oncogene

Increased
Increased

mRNA, protein
mRNA, protein

[49]
[50-52]

Breast

Oncogene

Increased in breast primary
tumours and in bone
metastases

mRNA, protein

Renal carcinoma

Oncogene

TRPV4
PTHrP via trans-activation
of the EGFR and ERK1/2
phosphorylation
AKT phosphorylation
PTHrP via cAMP
ERK1/2 and TRPC1
Inhibition of OPG via
epiregulin
AKT phosphorylation
Canonical and non-canonical
Wnt/β-catenin pathway and
EMT
Apoptosis
Wnt/β-catenin
VEGFR3
Caveolin-1 and Gaq
Cyclin D1 and RGS5
Apoptosis via ERK1/2
Cancer testis antigens (CTAs)
NCX1/Ca2+/ β-catenin

[3,29,59-62]

Colorectal

Increased in bone metastasising
tumours
Tumour suppressor
Reduced

Endometrial

Tumour suppressor

Reduced

Protein

Parathyroid

Tumour suppressor

Reduced

mRNA, protein

Neuro-blastoma

Tumour suppressor

Reduced

mRNA, protein

Unknown

Reduced

mRNA, protein

Pancreatic

mRNA, protein
mRNA, protein

[3,74,75]

[58]

[63]

[64-69]
[22,70,71]
[19,72]

with normal parathyroid tissue and it is lost in parathyroid
[65]
carcinoma . In the nervous system, the CaSR is
expressed during the differentiation of neurons and
[77,78]
glial cells
. In neuroblastoma, CaSR expression is
positively correlated with neuroblast differentiation and
low clinical risk, while undifferentiated and malignant
[79]
neuroblastomas are CaSR-negative . Indeed,
ectopic re-expression of the CaSR in MYCN-amplified
neuroblastoma cells, which are normally CaSR negative,
[71]
reduced xenograft growth . In addition, treatment with
cinacalcet, a positive allosteric modulator of the CaSR,
was able to induce the expression of differentiation
markers, to inhibit cell proliferation in vitro and the
[22]
growth of mouse tumour xenografts in vivo .
Another organ in which the CaSR acts as tumour
suppressor is the colon.

released from breast cancer cells
. The CaSR,
[53]
highly expressed in metastatic breast cancer cells ,
stimulates PTHrP release, contributing thereby to bone
[54]
degradation . A recent study revealed that cancer cells
overexpressing the CaSR had a higher osteolytic potential
[57]
compared with untransfected cells . Therefore, the
CaSR could be a predictive marker for bone metastasis
and for the patient’s poor prognosis.
Like breast cancers, prostate neoplastic lesions
have a high capacity to form metastasis in the bone.
Highly aggressive prostate cancer cells, such as PC-3,
[50]
express the CaSR
while there is no evidence of
[3]
CaSR expression in normal prostate tissue . A cohort
study, analysing 1241 prostate cancer patients, found
that expression of the CaSR correlated positively with
[76]
tumour lethality .
Although dietary calcium has been suggested to
have beneficial effects on the digestive tract as being
preventative against colorectal cancer, a recent study
pointed out a controversial effect of calcium on gastric
[49]
cancer development. Xie et al , have shown that
calcium-activated CaSR promoted gastric cancer cell
proliferation and metastasis. Thus, CaSR is suggested
to act as an oncogene in the upper part of the gastrointestinal tract, whereas it seems to act as a tumour
suppressor in the lower gastro-intestinal tract (see
below) although further studies are required to confirm
this hypothesis.
In other cancers like parathyroid cancers,
neuroblastoma and colorectal cancer the receptor
acts as a tumour suppressor. In parathyroid tumours
CaSR expression is inversely correlated with tumour
development. CaSR mRNA expression is reduced in
parathyroid adenomas and hyperplasias as compared
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[53-57]

CaSR IN COLORECTAL CANCER
The physiological role of the colon is to process and
absorb undigested nutrients, absorb electrolytes
and water, and to excrete waste products via the
rectum. As it is a highly renewable tissue, it is prone
to malignant transformation. Colorectal cancer (CRC)
is one of the most recurrent types of malignancies in
the western countries and accounts for over 1,2 million
[80]
of new cases per year . Colorectal tumourigenesis is
a complex mechanism developing from the alteration
of different molecular processes that control gene
expression, cell cycle and apoptosis, which are affected
by genetic (e.g., APC mutation), environmental (e.g.,
diet, alcohol abuse, cigarette smoking, etc.), microbial
and inflammatory cues that either activate oncogenes
or repress tumour suppressors leading then to tumour
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Intestinal lumen

pathogenic bacteria can trigger an immune response
that, in the worst case, can lead to chronic colitis and
[84]
other inflammatory bowel diseases . As detailed above,
the CaSR has been implicated in affecting gut microbiota,
and the expression of inflammatory cytokines and thus
might play a protective role against the development
of CAC by protecting from the deleterious effects of
inflammation.

Toxins
Alcohol
Smoking
Diet
Pathobionts

Free
radicals

Chronic
inflammation

Epidemiology

In 1985, a small trial demonstrated for the first time
[85]
that calcium regulates colonocyte proliferation . In the
[16]
same year, Garland et al
published a retrospective
study showing that diets with high calcium content
lower the risk of developing colorectal tumours. In
the following years, several cohort studies and animal
experiments supported the theory that diets rich
in calcium and vitamin D prevent the development
of colon hyperplasia and cancer - in contrast to
western diets with high fat and low calcium and fibre
[86-88]
content
. Meta-analyses have since reported that
2+
high Ca intake (more than 1400 mg/d), independent
of its source, lowers the risk of CRC, in particular in the
[89,90]
distal colon
. Indeed, the evidence for the protective
actions of high levels of dietary calcium intake (dairy
products) or calcium supplements was rated to be
“probably strong” by the World Cancer Research Fund
[91]
in its most recent update of 2017 .
Numerous studies have suggested that there is a
close interaction between the CaSR and calcium and its
protective action against CRC. A randomised clinical trial
found that dietary calcium supplementation increased
[92]
the expression of the CaSR in the colonic mucosa . In
[93]
a meta-analysis, Yang et al showed that while dietary
calcium reduced the risk of developing CaSR positive
tumours, the risk for CaSR negative ones remained
unchanged, suggesting that dietary calcium exerts its
anti-tumourigenic properties via CaSR. A recent study
demonstrated that CaSR expression in the tumours
correlated with a reduced risk of mortality, indicating
that CaSR expression might be a biomarker for positive
[94]
prognosis .

Genetic
background
Free
radicals

Sporadic and hereditary CRC vs

Colitis associated cancer

Figure 1 Scheme of colonic carcinogenesis. Left: Environmental cues such
as toxins, alcohol, smoke and diet can produce free radicals (such as reactive
oxygen and nitrogen species) that can damage genomic DNA. Accumulating
mutations, in particular in genes that encode for mitogenic, cell cycle or apoptosis
factors such as APC, BRAF, KRAS, EGF and p53 can then eventually lead
to colon carcinogenesis. Genetic background such as inborn APC mutations
(hereditary familial adenomatous polyposis) or other hereditary mutations also
predispose towards colon tumourigenesis, although hereditary CRC is rare[81].
Right: In addition to their direct noxious effect on the tissue, environmental cues
can also alter the microbiotic population of the intestine, promoting the proliferation
of pathogenic bacteria (pathobionts). Pathobionts and chronic inflammation are
closely related and both induce the expression of pro-inflammatory cytokines that
accumulate in the mucosa. Persistent inflammation interferes with cell proliferation
and apoptosis processes leading to tumourigenesis and in particular in colitis
associated cancer. Inflammation itself also induces the production of free radicals
that hamper genome stability and can thus cause tumour development[82]. TNF:
Tumor necrosis factor; IL: Interleukin; CRC: Colorectal cancer.

CaSR localisation in the intestine

[81,82]

development (Figure 1
).
As mentioned above, colonic inflammation is a risk
factor for developing colorectal cancer. Chronic intestinal
inflammatory diseases such as Crohn’s disease and
ulcerative colitis often lead to colorectal cancer through
a process called colitis-associated carcinogenesis (CAC).
Similarly to (spontaneous) CRC, CAC leads to genome
instability, targeting tumour suppressors and DNA
repair mechanisms. However, CRC and CAC differ for
prevalence and sequential-timing of the changes in
[83]
biomarkers during their pathogenesis .
CAC is often accompanied by the alteration of the gut
microbiota (dysbiosis). Commensal bacteria (eubionts)
help to metabolise undigested food, modulating also the
immune system of the digestive tract. On the other hand,
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A common agreement on the pattern of CaSR localization
in the intestine is still missing. Whitfield suggested that
2+
the Ca concentration is unevenly distributed along the
colonic crypts, with low levels found at the bottom of
2+
the crypts and higher levels at the top. In this way, Ca
could exert its pro-differentiating and anti-proliferative
effects only in the upper part of the crypts where the
post-differentiated mature colonocytes are localised.
CaSR activation would follow this concentration gradient
along the crypts. Stronger activation of the CaSR at
the top and weaker activation at the bottom could
thus provide a physiological rationale for why the CaSR
would inhibit proliferation on the differentiated top but
allow proliferation at the rapidly dividing bottom of the
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[95]

2+

crypts . It was also suggested that this Ca gradient
influences CaSR expression itself, in addition to the
[46]
receptor’s activation . This theory is supported by the
[96]
studies of Chakrabarty et al , who have found CaSR
protein to be expressed only in the upper half of the
crypts of human colon cancer biopsies. However, the
actual expression pattern of the CaSR in the colon is still
under debate. Contrary to the findings by Chakrabarty
[96]
[97]
et al , Sheinin et al have found CaSR expression only
[97]
in the enteroendocrine cells of human colonic mucosa ,
[8]
whereas Cheng et al have found the CaSR in the
enteric nervous system and in the apical and basolateral
[8,98]
side of the crypts of rat colons
. Further studies are
therefore required to determine accurately the location
of the CaSR in the colon and whether this expression
pattern is dependent on factors like diet, age, etc.
We know that CaSR expression is lost in tumour
cells. While it is still found in pre-neoplastic lesions,
expression of the CaSR is lost in poorly differentiated
[29,96,99,100]
tumours
. However, whether this loss is cause
or effect of the tumourigenesis is still unknown.

beneficial for patient prognosis, pointing towards the
CaSR as potential therapeutic target for a novel antiCRC therapy or prevention.

Evidence and molecular pathways for the antitumourigenic actions of the CaSR

Mouse models of systemic CaSR knock-out are
not viable or die shortly after birth due to severe
[110]
hyperparathyroidism and hypercalcemia
. However
-/knocking out PTH rescues the lethal CaSR phenotype
-/-/in the PTH double knock-out (PTH CaSR ) mouse
[111]
-/-/model . The colonic mucosa of the PTH CaSR mice
as well as that of the intestinal epithelium-specific CaSR
knock-out mouse model show signs of hyperproliferation.
These mice develop pre-malignant intestinal lesions and
are highly susceptible to the carcinogen azoxymethane
[112]
(AOM) .The intestines of these mice are often inflamed
and express pro-inflammatory markers. Furthermore,
-/-/PTH CaSR mice are highly sensitive to DSS induced
inflammation as well, suggesting a possible role of the
[42,112]
CaSR as an anti-inflammatory factor
.
Overexpression of the exogenous CaSR in colon
cancer cell lines induced cellular differentiation and
apoptosis, and inhibited proliferation and invasion
capacity in these transfected cells. Presence of the
CaSR repressed expression of stem cells markers, reestablished the expression of E-cadherin and inhibited
epithelial to mesenchymal transition, a process exploited
[47,59]
by cancer cells to form metastases
.
2+
Ca exerts its anti-tumourigenic function not only by
binding and precipitating toxic agents such as secondary
bile acids and fatty acids but also by modulating different
cellular mechanisms such as proliferation, differentiation
[3,100,113,114]
and apoptosis, potentially via the CaSR
. The
mechanism involves inhibition of c-myc, upregulation of
E-cadherin and inhibition of the canonical wnt-signalling
[99,100,115]
2+
pathway
. A recent study reported that Ca
inhibited the expression of replication-licensing factors in
[60]
a CaSR dependent manner .
Both colorectal cancer cell lines and CaSR-deficient
mice show that loss of the CaSR causes a higher
recruitment of β-catenin into the nucleus, thus sustaining
[59,112,116]
a proliferative Wnt pathway
. However, some
studies have discovered that the CaSR is able to activate
the non-canonical Wnt pathway involving the interaction
between Wnt5a and its receptor, Ror2 (receptor tyrosine
kinase-like orphan receptor 2). Wnt5a/Ror2 counteracts
the proliferative signalling of Wnt/β-catenin, recruiting the
ubiquitin ligase Siah2, which, in turn, degrades β-catenin.
In myofibroblasts, CaSR activation induces the secretion
of Wnt5a, while, in colonic epithelia CaSR increases the
[62]
expression of Ror2 . Thus, the CaSR might stimulate
the Wnt5a/Ror2 paracrine pathway which inhibits colonic
proliferation, interfering with Wnt/β-catenin, and seems to
promote the expression of colonic differentiation markers
such as sucrase-isomaltase, caudal type homeobox 2 and
[62,117,118]
villin
.
CaSR pathways could potentially interact with
many cellular processes in preventing or counteracting

CaSR down-regulation in CRC

Epigenetic aberrancies play a major role in tumour
malignancy in general and thereby also in colorectal
[101]
cancer
. CaSR expression is affected by repressive
epigenetic marks in malignant colorectal lesions. The
promoter region of the CaSR contains a large CpG
island which is highly methylated in colorectal tumours.
CaSR expression could be partially restored in colorectal
cancer cell lines by the administration of 5-aza-2’deoxycytidine, an inhibitor of DNA methylation. This
effect was further enhanced with the addition of histone
deacetylase inhibitors, suggesting that in the CaSR
promoter regions the acetylation of histones is reduced
and, therefore, the chromatin has a less permissive
structure that hinders the recruitment of the transcription
[29,102]
machinery
. The level of CaSR methylation increases
from hyperplastic polyps and adenomas to lymph node
metastases in parallel with the reduction of the receptor’s
[102]
expression . However, this is not a general mechanism,
as in parathyroid tumours no hypermethylation of the
[64,103]
CaSR locus was found
.
Non-coding RNAs, such as miRNAs, also regulate
CaSR expression in colorectal tumours. Different studies
found that miR-21, miR-135a, miR-135b, miR-145,
miR-146b and miR-503 inhibited CaSR expression in
CRC cell lines and therefore constitute potential targets
[61,104,105]
for restoring CaSR mRNA level
.
So far, no CaSR mutations have been found that
[48]
would promote tumour development in the intestine ,
although several SNPs (e.g., Q1011E, A986S, R990G)
might increase colorectal cancer susceptibility although
[106-109]
their contribution is controversial
.
It is important to fully understand the molecular
mechanisms that drive CaSR loss during colorectal
carcinogenesis and whether this loss could be reverted
or prevented and whether such an action would be
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Lumen

inflammation and CRC are summed up in Figure 2 but a
detailed map of the molecular pathways that the CaSR
activates in the gut is still missing. This would allow
researchers to discover potential therapeutic targets for
counteracting intestinal tumourigenesis.

Polyamines and small peptides
2+

Ca

Enterobacteria

FUTURE PERSPECTIVES - THE CaSR AS
A DRUGGABLE TARGET IN THE COLON
The CaSR is considered to prevent or counteract
intestinal carcinogenesis and inflammation. Thus, the
CaSR might constitute a promising therapeutic target for
the treatment of colorectal cancer and of inflammatory
2+
bowel diseases. Dietary Ca supplementation reduces
the risk for developing colorectal cancer and studies
have shown the beneficial effects of CaSR agonists,
such as dipeptides, polyamines for preventing colonic
inflammation and cancer. As chronic inflammation is a
risk factor for colorectal cancer, the CaSR might actually
2+
be a link that connects the beneficial effect of Ca in
preventing both inflammation and cancer in the colon.
Indeed, these roles of the CaSR indicate that activating
the CaSR, or in the case of CRC also restoring CaSR
expression - or preventing its loss - might be an important
way for treating or preventing colonic inflammation, CRC,
and, especially, CAC. However, a direct pharmacological
intervention study targeting the CaSR in colonic
inflammation or colorectal cancer is still missing.
Further research will be required for finding and
evaluating means to restore or prevent the loss of the
expression of the CaSR during carcinogenesis. One
such mean could be the use of pharmacological CaSR
activators, the calcimimetics. In addition to their action
as allosteric agonists of the CaSR, calcimimetics also act
as so called “pharmacochaperones” for the CaSR. They
stabilise the expression of the CaSR, preventing the
receptor’s degradation. At the same time, they increase
trafficking of the CaSR from its intracellular reservoirs
[123,124]
into the cell membrane
. As of yet, there are no
data for the efficacy of calcimimetics for the prevention
/ treatment of CRC or CAC.
As chronic inflammation is posing a high risk for
developing CAC, preventative measures should be
administrable over long periods of time and should
therefore ideally elicit few or no systemic side effects.
Recently a novel calcimimetic, GSK3004774, which is
non-resorbable and thus has gut restricted effects, has
[125]
been published . This compound could be useful for
testing whether locally acting calcimimetics can elicit
a preventive effect against intestinal inflammation,
CRC and CAC without affecting systemic calcium
homeostasis.
Known side effects of the FDA-approved calcimimetic
cinacalcet treatment include hypocalcaemia and, notably,
[126]
nausea . Whether these gastrointestinal tract-related
side effects are elicited via the systemic actions of the
drug or a direct effect of the drug on the gastrointestinal

Activated CaSR
Claudin-2
b-catenin

IL-1
IL-6

Epithelial junction

E-cadherin

IL-8
Snail
a-Sma
Sox2
Nanog
Vimentin

Ror2
Wnt5A

Anti-inflammatory

vs

Anti-carcinogenic

Basolateral side

Figure 2 Protective function of the calcium-sensing receptor against
inflammation and carcinogenesis in the colon. Left: The CaSR promotes
intestinal barrier integrity, potentially by promoting claudin-2 expression,
and inhibits the expression of pro-inflammatory cytokines, thus preventing
inflammation. Right: The CaSR exerts an anti-tumourigenic effect by
counteracting the mitogenic Wnt pathway, preventing β-catenin translocation
into the nucleus, which is either sequestered by E-cadherin at the cell junctions
or it is degraded by the non-canonical Wnt signalling (Ror2-Wnt5A) and inhibits
the expression of mesenchymal and stem cells markers. IL: Interleukin; CaSR:
Calcium-sensing receptor.

tumour development and progression. In this context,
the existence of a cross talk between the CaSR and the
vitamin D system has been suggested. It seems that
both pathways converge in the modulation of the Wnt
signalling to control colonocyte proliferation. Moreover,
[119,120]
vitamin D seems to regulate CaSR transcription
through regulatory elements present in the CaSR
promoter, which are recognised by the transcription factor
vitamin D receptor. Indeed, a high vitamin D (2500 IU/
kg) diet over 5 weeks more than doubled the expression
[121,122]
of the CaSR in the colon mucosa of mice
.
As of yet, a detailed description of CaSR signalling in
the intestine is still missing. Given the fact that the CaSR
2+
is able to sense not only Ca , but also polyamines and
amino acids, which are highly abundant in the intestinal
lumen through the food, and that ligand biased signalling
[3]
is a known feature of the CaSR , it is possible that
the CaSR could activate different down-stream signals
depending on these specific ligands also in the colon.
Potential mechanisms by which the CaSR could affect
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organs is unclear. In addition, calcimimetics have been
shown to actually enhance inflammation in other epithelial
tissues, e.g., the lung, while calcilytics, antagonists of
the CaSR, ameliorated the inflammation. In this context,
the CaSR also promoted the activation of the immune
[5]
system and showed a general pro-inflammatory action .
Whether these in vivo effects - in the complex context of
immune-cells, inflamed tissue and cytokines - are tissue
specific or related to a ubiquitous activation of CaSRbearing lymphocytes is unclear. Taken together, these
considerations do not allow a definite conclusion for a
potential treatment of colonic inflammation or cancer with
pharmacological CaSR modulators alone or in combination
with conventional or targeted chemotherapies. Extensive
future studies will be required to satisfactorily answer all
these questions.

6

7

8

9

CONCLUSION
The CaSR emerges as a direct player in colonic inflam
mation and cancer development. Current evidence
suggests that activation of the CaSR reduces the risk
for both diseases, the strongest evidence being that
2+
dietary Ca reduces the risk for CRC and that this effect
is apparently mediated by the CaSR while expression of
the CaSR is lost during tumourigenesis and progression
of CRC. Making direct use of the CaSR as a drug target
to reduce or prevent colonic inflammation and at the
same time prevent colonic tumourigenesis seems a
promising strategy, especially for CAC, where a dietary
or pharmacological intervention could hit two birds with
one stone, as it were. Future studies will be needed to
address where exactly the receptor is expressed in the
colonic microenvironment, which signalling pathways are
mediated by the CaSR in the settings of inflammation
and cancer in vivo, and whether these actions of the
CaSR can be exploited for therapy and prevention.
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Abstract
Lysophosphatidic acid (LPA), a glycerophospholipid,
consists of a glycerol backbone connected to a
phosphate head group and an acyl chain linked to
sn-1 or sn-2 position. In the circulation, LPA is in submillimolar range and mainly derived from hydrolysis
of lysophosphatidylcholine, a process mediated by
lysophospholipase D activity in proteins such as
autotaxin (ATX). Intracellular and extracellular LPAs
act as bioactive lipid mediators with diverse functions
in almost every mammalian cell type. The binding of
LPA to its receptors LPA1-6 activates multiple cellular
processes such as migration, proliferation and survival.
The production of LPA and activation of LPA receptor
signaling pathways in the events of physiology
and pathophysiology have attracted the interest of
researchers. Results from studies using transgenic and
gene knockout animals with alterations of ATX and
LPA receptors genes, have revealed the roles of LPA
signaling pathways in metabolic active tissues and
organs. The present review was aimed to summarize
recent progresses in the studies of extracellular and
intracellular LPA production pathways. This includes the
functional, structural and biochemical properties of ATX
and LPA receptors. The potential roles of LPA production
and LPA receptor signaling pathways in obesity, insulin
resistance and liver fibrosis are also discussed.
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biological effects of LPA have drawn attention of
biomedical scientists.
Subsequently, LPA in incubated serum at 36 ℃
for 18-24 h was shown to cause aggregation of feline
[9]
and human platelets . Whether LPA acts through its
detergent-like physical property or its interaction with a
specific receptor remained a critical question. Later, LPA
was shown to stimulate cell proliferation in a pertussis
[10]
toxin-sensitive manner . This finding suggested that
LPA acts through G protein-coupled receptor (GPCR).
This information led to the cloning and identification of a
[11]
GPCR, which is now known as LPA receptor 1 (LPA1) .
It is known now that as a bioactive lipid mediator, LPA
activates at least 6 specific GPCRs, named as LPA1-6.
These GPCRs are coupled with several Gα proteins
such as Gα12/13, Gαq/11, Gαi/o, and Gαs. The binding of LPA
to these receptors stimulates the activations of small
GTPases, Ras, Rho, and Rac, and induces downstream
[12]
actions .
The existence of extracellular LPA indicates its
production outside a cell. Since autotaxin (ATX) was
first identified from human plasma and found to be a
[13]
lysophosphatidic acid-producing enzyme in 2002 , the
ATX-LPA receptor signaling pathway has been implicated
in a variety of disease processes including the vascular
and neural development, hair follicle development, tumor
progression, lymphocyte trafficking, bone development,
pulmonary fibrosis, fat mass regulation, cholestatic
pruritus, neuropathic pain, embryo implantation,
obesity and glucose homeostasis, spermatogenesis,
fetal hydrocephalus, chronic inflammation, cellular
proliferation, and smooth muscle contraction during
[14-18]
development
. Both ATX and LPA have attracted the
interest of researchers in an effort to understand their
roles in pathophysiology and to develop new agents to
treat above-mentioned pathological conditions.

Core tip: Lysophosphatidic acid (LPA) is mainly
derived from hydrolysis of lysophosphatidylcholine,
a process mediated by lysophospholipase D activity
in proteins such as autotaxin (ATX). The binding of
LPA to its receptors LPA1-6 activates multiple cellular
signaling pathways and leads to changes. Studies using
genetically modified animals have begun to reveal
the roles of LPA pathways in metabolic active tissues
and organs. The present review summarized recent
progresses in the studies of extracellular and intracellular
LPA production pathways; the functions, structural
and biochemical properties of ATX and LPA receptors.
Furthermore, the potential roles of LPA production
and LPA receptor signaling pathways in obesity, insulin
resistance and liver fibrosis are discussed.
Yang F, Chen GX. production of extracellular lysophosphatidic
acid in the regulation of adipocyte functions and liver fibrosis.
World J Gastroenterol 2018; 24(36): 4132-4151 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i36/4132.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i36.4132

INTRODUCTION
Lysophosphatidic acid (1- or 2-acyl-sn-glycerol
3-phosphate/radyl-glycerol-phosphate, LPA) is one type
of water-soluble glycerophospholipid with molecular
mass about 430-480 Da. All LPA molecules contain a
glycerol backbone linked to a phosphate head group
at sn-3 position and an acyl chain esterified to sn-1 or
sn-2 position. Due to variation of the fatty acyl chain,
LPA molecules are in different forms and derived from
[1]
multiple sources, such as membrane lipids . The LPA
molecules produced extracellularly exert a variety of
physiological responses after binding to their receptors
as shown in Figure 1.
LPA was first identified as an active ingredient of
[2,3]
Darmstoff by Vogt in 1957 . The term Darmstoff
was used to describe a smooth-muscle-stimulating
substance which was first observed with bath fluid
[4]
of isolated intestine preparations . The substance
was acidic and soluble in many organic solvents,
properties that distinguish Darmstoff from amines and
[5]
polypeptides . Results of acidic hydrolysis and paper
chromatography showed that the smooth-musclestimulating activity of Darmstoff was due to a mixture
of acidic phospholipids (PLs), one of which is an acetal
[2,3]
phosphatidic acid . In the 1960s, studies on smooth
muscle and blood pressure suggested that LPA had
[6,7]
biological activities . Later on, various molecules
of LPA species were isolated and identified from soy
beans. It was shown that intravenous injection of LPA
from crude soybean lecithin caused hypertension in rats
[8]
and guinea pigs, but hypotension in cats and rabbits .
This raised intriguing questions regarding the activation
mechanism of this lipid specie. Since then, the myriad

WJG|www.wjgnet.com

EXTRACELLULAR AND INTRACELLULAR
PRODUCTION AND DEGRADATION OF
LPA
LPA and its common precursor lysophosphatidylcholine
(LPC) can be found both extracellular and intracellular
as signaling mediators and membrane components,
respectively. Structurally, LPA is an acyl group esterified
to the sn-1 or sn-2 position of the glycerol backbone.
Due to the differences of acyl chain length, saturation
and backbone position, various LPA chemical forms can
be found in tissues and cells. Extracellular LPA is thought
[19]
to mediate bioactive effects through LPA receptors .
Intracellular LPA is an important intermediate for the
de novo biosynthesis of complex glycerolipids, including
[20]
mono-, di-, and triglycerides, as well as PLs . In addition,
it has been thought that LPA can function as a ligand
for transcription factor peroxisome proliferator-activated
[21]
receptor γ (PPARγ) . This indicates that LPA may play
important roles in the regulation of gene expression.
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LPA and ATX

LPA receptors

LPA as an active ingredient of Darmstoff

1957

Bioactivity of LPA on smooth muscle and blood pressure

1960s

Identified LPA from soy beans and acted as a vasopressor
LPA caused the aggregation of platelets

1978
1979

LPA stimulated cell proliferation
Identification and purification of ATX
Cloning of ATX
LPA activated GPCRs which is LPA1

1989
1992
1994
1996

LPA facilitated preadipocytes proliferation through LPA1
Extracellular LPA was mainly produced by ATX
LPA evoked growth-factor-like responses in cells

2001
2002
2003

1996

Cloning and identification of LPA1

2000

Lpar1 -/- mice exhibit approximately 50% perinatal lethality

2002
2003

Discovered the LPA2 and LPA3
Identified LPAR4
Ki16425, a potent antagonist for LPA1/LPA3
ATX induced cell motility through LPA and
Gai/o -mediated LPA1 signaling

2004
ATX (gene name ENPP2) was a number of ENPPs
-/ENPP2 mice died with vascular defects in yolk sac
Plasma LPA level was positive related with liver fibrosis
Cloning of ATX isoforms (a b and γ)

2005
2006
2007
2008

Uncovered the crystal structures of ATX
-/ENPP2 mice fed a high-fat diet gained higher fat mass
Cloning of ATX isoforms (d and e)

2011

2006
2007

Identified LPAR5
Identified LPAR6

2014

Nomenclature of LPA receptors

2012

Figure 1 Chronological events related the identifications of lysophosphatidic acid, ecto-nucleotide pyrophosphatase/phosphodiesterase/autotaxin and
lysophosphatidic acid receptors. On the left side, it shows the events associated with the identifications of LPA molecules and ATX for its production. On the
right side, it shows the cloning events of LPAR1-6. LPA: Lysophosphatidic acid; ATX: Autotaxin; LPA1-6: Lysophosphatidic acid receptor 1-6; ENPP2: Ectonucleotide
pyrophosphatase/phosphodiesterase family member 2.

Pathways for LPA production

respectively. Then, one acyl group is removed from the
sn-1 position by PLA1 or at the sn-2 position by PLA2
enzymes to generate LPA. This pathway may be more
important in specific tissues with expression of DGK
[23]
such as the brain and skin .

As shown in Figure 2, there are five major pathways
for LPA production, (1) the lysophospholipids-ATX
(LPLs-ATX) pathway, (2) the phosphatidic acid phospholipase A1 or A2 (PA-PLA1/PLA2) pathway, (3)
the de novo glycerophosphate acyltransferase (GPAT)
synthesis pathway, (4) the monoacylglycerol kinase
(MAGK) pathway, and (5) the oxidative modification
of low-density lipoprotein (LDL) pathway. Despite
recent advances in the identification of the enzymes
responsible for LPA production, the regulation of these
enzymes still remains obscure.

De novo GPAT synthesis pathway

GPATs catalyze the first step in glycerolipid synthesis,
i.e., the conversion of glycerol-3-phosphate (G3P) to
LPA by the transfer of fatty acids from acyl-CoA. Since
GPAT exhibits the lowest specific activity of enzymes
in the de novo triacylglycerol (TAG) and PLs synthesis
pathways, it has been considered to be the rate limiting
[24]
enzyme for them . Many studies have been published
on the regulation of TAG synthesis and its relevance
to obesity and insulin resistance. GPAT activity in
mitochondria was shown to be regulated by fatty acid[25,26]
binding protein (FABP)
. It has been shown that
mitochondrial GPAT activity was inhibited by LPA. FABP
reversed the inhibition of LPA through the binding and
extracting LPA from the mitochondrial outer membrane.
The extracted LPA was converted to PA by microsomes,
where acylglycerophosphate acyltransferases (AGPATs)
[25,26]
are located
. These results suggested that FABP
regulated the de novo synthesis of PA through the
stimulation of mitochondrial GPAT and transport of LPA
from mitochondria to microsomes.

LPLs-ATX pathway

In the first pathway, LPLs generated from PLs by
PLA1 or PLA2 are converted to LPA by a plasma
[22,13]
enzyme ATX
, which we will describe in later part
of this article. A major source of extracellular LPA is
LPC, other LPLs such as lysophosphatidylserine and
lysophosphatidylethanolamine can also be enzymatically
processed to produce LPA. This pathway accounts for
the majority of circulating LPA.

PA-PLA1/PLA2 pathway

LPA is also produced intracellularly as an intermediate
[20]
for the synthesis of other glycerolipids . LPA can be
produced enzymatically from intracellular organelles
such as mitochondria and endoplasmic reticulum.
Phosphatidic acid (PA) is first generated from PLs or
diacylglycerol by phospholipase D enzymes (PLD1
and PLD2) and diacylglycerol kinase (DGK) activities,
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MAGK pathway

Lipid phosphate phosphatases (LPPs) are also involved
in the LPA turnover. LPPs can be found extracellularly
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Figure 2 Biochemical pathways of lysophosphatidic acid synthesis and degradation. LPA can be produced extracellularly and intracellularly as signaling
mediators and membrane components, respectively. There are five major pathways for LPA production, (1) the lysophospholipids-ATX (LPLs-ATX) pathway, (2)
the phosphatidic acid - phospholipase A1 or A2 (PA-PLA1/PLA2) pathway, (3) the de novo glycerophosphate acyltransferase (GPAT) synthesis pathway, (4) the
monoacylglycerol kinase (MAGK) pathway, and (5) the oxidative modification of low-density lipoprotein (LDL) pathway. In the upper right corner of the figure, there are
catalytically active isoforms (ATXα, ATXβ, ATXγ, ATXδ and ATXε), which are expressed in different tissues. PLs: Phospholipids; PLA1/PLA2: Phospholipase A1/2; LPLs:
Lysophospholipids; ATX: Autotaxin; ATXα-δ: Protein structure scheme of the domains of ATX; LPA: Lysophosphatidic acid; DAG: Diacylglycerol; DGK: Diacylglycerol
kinase; PLD1/2: Phospholipase D1/2; PA: Phosphatidic acid; AGPAT: Acylglycerophosphate acyltransferase; MAG: Monoacylglycerol; MAGK: Monoacylglycerol kinase;
LPP: Lipid phosphate phosphatase; G3P: Glycerol-3-phosphate; lyso PL: Lysophospholipase; GPAT: Glycerophosphate acyltransferase; LDL: Low-density lipoprotein;
i: Intramembrane domain; SMB: N-terminal somatomedin B-like domains; L1: L1 linker region; PDF: Phosphodiesterase domain; L2: L2 linker region; NUC: C-terminal
nuclease-like domain; LPA1-6: Lysophosphatidic acid receptor 1-6.

or intracellularly in endoplasmic reticulum or Golgi,
where they dephosphorylate LPA, which leads to the
[27]
formation of monoacylglycerol (MAG) . MAG may then
be phosphorylated by MAGK and thus participate in
[20]
another round of LPA signaling . Thus, the production
of LPA is regulated by the availability of precursors as
well as the expression of catalytic enzymes.

a Rho/Rho kinase signaling pathway, which leads to
platelet shape change and subsequent aggregation. The
biologically active LPA-like products generated by this
non-enzymatic oxidation co-migrated with an authentic
LPA standard in thin layer chromatography. LPA was
found to be accumulated in atherosclerotic plaques,
which might act to activate platelets. The level of LPA
is very high in the human carotid atherosclerotic lesion,
[28,29]
suggesting the roles in thrombogenesis and rupture
.
An alternative explanation to the generation of LPA
from oxidized LDL is that ATX might be activated. The
acyl/alkyl composition, the precursor of LPA and the
mechanism responsible for LPA generation in the oxidized
LDL remain to be addressed in the future.

Oxidative modification of LDL

LPA was found as an active molecule on oxidized and
modified LDL, in where it may contribute to platelet
activation, endothelial cell stress-fiber and gap
[28,29]
formation
. LPAs on these lipoproteins activate
platelets through G-protein coupled LPA receptors and
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Pathways for the degradation of LPA

[49]

connected by the second loop (L2 linker region) .
The secreted ATX is a constitutively active glyco
protein with a N-terminal signal peptide sequence
[46]
containing a furin cleavage site . The other ENPPs are
transmembrane or anchored proteins. In addition to its
pyrophosphatase/phosphodiesterase activities, ATX has
lysophospholipase D (lysoPLD) activity. The N-terminal
signal peptide of the ATX precursor is removed first,
and then, the remaining part is cleaved by proprotein
convertases before the active ATX with lysoPLD activity
is released into the extracellular environment, which
[47]
converts LPC into LPA and choline . The structure of
PDE domain has a lipid binding pocket and a nearby
tunnel allowing entry of substrates and release of
[51]
products . The NUC domain has been thought to
maintain the rigidity of the PDE domain, and the two
N-terminal SMB domains mediate binding of ATX to
[52]
integrin . This binding brings ATX to the cell membrane,
which allows the production of LPA in a location close to
[51,53,54]
its receptors
.
The structures of ATX in complex with diverse LPAs
show distinct conformations after different acyl chains
[49]
occupy the binding pocket . LPAs with saturated chains
bind in the hydrophobic pocket in a more elongated
fashion, whereas LPAs with unsaturated chains have a
bent conformation due to the presence of carbon-carbon
double bond(s). For LPA (22:6), the acyl chain shows
[49]
a U-shaped conformation in the binding pocket . ATX
prefers LPC species with shorter and unsaturated acyl
chain as substrates, and the rank order is 14:0 > 16:0 >
18:3 > 18:1 > 18:0. All these show that ATX is able to
hydrolyze LPCs with different lengths and saturations of
acyl chains to produce the corresponding LPAs.
[55]
The cDNA of ATX/ENPP2 was cloned in 1994 .
After that, its homology with phosphodiesterases was
revealed, and the cloning and tissue distribution of the
three human and mouse isoforms (α, β and γ) were
[50]
determined in 2008 . Two more isoforms (δ and ε)
[56]
were identified in 2012 . The ATX gene is located on
mouse chromosome 15 and on human chromosome
8. The human and mouse ATX gene structures are
[50]
conserved . The mouse ATX gene spans more than 80
kb and contains at least 27 exons. The three splicing sites
in exons 12, 19 and 21 can theoretically result in eight
isoforms, in which five were detected. These isoforms are
catalytically active (ATX α-δ) and expressed in different
tissues. They are ATXα (ATXm), ATXβ (ATXt), ATXγ (PD[50]
[56]
Iα) , ATXδ and ATXε . ATXβ and ATXδ, which are the
most and second most abundant isoforms, respectively,
share similar biochemical characteristics (Figure 2).
[53]
Houben et al characterized that a 52-residue polybasic
insertion corresponding to exon 12 in ATXα isoform
confers specific binding to heparan sulfate proteoglycans
thereby targeting LPA production to the plasma
membrane. This is another potential mechanism for
localizing ATXα to cell membranes and for LPA production
in close proximity to LPA receptors. Exon 12 encodes a
52-amino acid insertion of the mouse ATXα and ATXε

There are three major pathways that degrade LPA as
shown in Figure 2. The first is the removal of phosphate
[30]
to form MAG by LPPs . LPA has a half-life of 3 min
[31]
when it is added to cells expressing LPP . Four isoforms
of LPP have been cloned and characterized in mammals,
[32]
[33]
LPP1/PAP-2α/PAP-2α1 , LPP1α/PAP-2α2 , LPP2/
[34]
[32]
PAP-2c/PAP-2α
and LPP3/PAP-2β/PAP-2β . The
second LPA degradation pathway involves the action
of AGPAT enzymes, also known as lysophosphatidic
acid acyltransferase. These microsomal enzymes
catalyze the transfer of an acyl group from acyl-CoA to
LPA to form PA. Proteins with AGPAT activity include a
[35]
family of transmembrane enzymes , and membrane
associated proteins involved in membrane fission
[36]
such as endophilin
and C-terminal-binding protein/
[37]
brefeldin A-ADP ribosylated substrate . The third
pathway for LPA degradation involves the hydrolysis of
the acyl group from the G3P head group by the action
of lysophospholipases. The majority of characterized
[38]
lysophospholipases act on LPC .

ECTO-NUCLEOTIDE PYROPHOSPHATASE/
PHOSPHODIESTERASES
The ecto-nucleotide pyrophosphatase/phosphodiesterase
(ENPP) family contains seven members with structurally
similar catalytic domains that hydrolyze phosphodiester
bonds in various substrates, including nucleoside
[39,40]
triphosphates, LPLs, and choline phosphate esters
.
ATX, or ENPP2, is the best-characterized member of ENPP
family. ENPPs are defined by their ability to hydrolyze
[41-43]
phosphodiester bonds of various nucleotides in vitro
.
ATX/ENPP2 was originally identified as a tumor cellmotility-stimulating factor from the conditional medium
[44]
of A2058 human melanoma cells . Since the addition
of pertussis toxin reduced cellular motility, ATX’s effects
[39,44]
were thought to involve Gi/o-mediated signaling
. ATX
can be secreted as a 100 kDa glycoprotein. It is produced
[45,46]
by multiple tissues including adipose tissue
. It is
believed that the circulated ATX/ENPP2 is degraded by
[47]
the liver . Extracellular LPA was found to be present
in sub-micromolar ranges. The responsible enzyme
[13,22]
was identified to be ATX
. ATX-mediated autocrine
signaling induces cell motility through LPA production and
[48]
Gi/o-mediated LPA receptor signaling .
From both a structural and evolutionary point of
view, ENPP family members have been categorized
[39]
into two subgroups, ENPP1-3 and ENPP4-7 . ENPP1-3
all have two N-terminal somatomedin B-like (SMB)
domains, a central phosphodiesterase (PDE) domain
and a C-terminal nuclease (NUC)-like domain as shown
in Figure 2. ENPP4-7 only have similarity in the PDE
[49]
[50]
domain. The crystal structures of mouse
and rat
ATX show loops on both sides of the catalytic domain,
which may help to determine the binding specificity. The
SMB and PDE domains are connected by the first loop (L1
linker region), whereas the PDE and NUC domains are
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[11,12]

isoforms (amino acids 324-375), whereas exon 21
encodes an additional 25-amino acid of the murine ATXγ
isoform (amino acids 593-617). Novel isoforms ATXδ
and ATXε have a 4-amino acid deletion on exon 19. This
complex way of exon arrangement has been maintained
through evolution. Human ATX exhibit 93% sequence
identity with rodent ATX while all important residues are
[49]
highly conserved .
ATX has a broad profile of tissue expression, with
relatively high levels in the blood, brain, kidney, and
[57-59]
lymphoid organs
. Secretion of ATX leads to high
concentration in cerebrospinal fluid and in the endothelial
[60-62]
venules of lymphoid tissues
. The cellular sources of
plasma ATX are incompletely understood. Nevertheless,
[63,64]
adipocytes may be a source
. ATX is also stored
[65,66]
in platelets and released during their activation
.
Circulating ATX is rapidly taken up by the scavenger
receptors of liver sinusoidal endothelial cells, and then
[46]
degraded by the liver . Thus, like insulin, ATX is largely
removed from the circulation through first passage by
the liver. For the ATX isoforms, high expression levels
of ATXβ and ATXγ mRNA were detected in peripheral
tissues and the brain, whereas ATXα was shown the
lowest expression level in both the central nervous
system and peripheral tissues among the three isoforms
in human. In mice, ATXβ is widely expressed in the brain
and peripheral tissues, and ATXγ and ATXα showed little
[50]
variation in their distribution . Human brain and retina
showed relatively higher expression level of ATXα than
that of ATXβ and ATXγ, whereas the expression levels
of ATXδ and ATXε in the small intestine and spleen are
[56]
higher than that in other tissues .
LPA has been quantified in a variety of species,
tissues, and fluids, including neural tissue, cerebrospinal
fluid, fertilized hen white, seminal fluid, tears, plasma,
[67-69]
serum, urine, saliva, and aqueous humor
. The
formation of LPA species depends on the precursor
PLs, which can vary by acyl chain length and degree
of saturation. The term LPA most often refers to 18:1
oleoyl-LPA (1-acyl-2-hydroxy-sn-glycero-3-phosphate),
as it is the most commonly one. Other chemical forms
of LPA can be observed in various biological systems
that have concentrations ranging from low nanomolar
[67,70]
to micromolar levels
. LPA concentrations in human
and rat blood can range from 0.1 μmol/L in plasma
and up to 10 μmol/L in serum, which is well over
[71-74]
the apparent nanomolar kDa of LPA1–6
. The LPA
molecules containing 18:2, 20:4, 16:1, 16:0, and 18:1
[75-77]
acyl chains are particularly abundant in plasma
.
Current methods to detect LPA include indirect enzymatic
[73]
[78-80]
assays , TLC-GC, LC-MS, and LC-MS/MS
.

the cerebral cortex
. The cloning and functional
identification of LPA1 led to determination of other
[81-83]
receptor genes based upon sequence homology
.
This is particularly true for the “endothelial differentiation
[84]
gene” (EDG) members
that include LPA and
sphingosine 1-phosphate receptors. Then, two other
LPA receptors, LPA2 and LPA3 (also known as EDG4, and
EDG7), were subsequently discovered based on shared
[85]
homology with LPA1(EDG2) . Later on, LPA4 (P2RY9,
[86]
[87]
[88]
GPR23) , LPA5 (GPR92) and LPA6 (P2RY5, GPR87)
were identified. They share 35% amino acid homology
to the purinergic (P2Y) family of GPCRs, as compared
to less than 20% homology to LPA1, suggesting that
[52]
LPA4-6 are more closely related to the P2Y receptors .
Here, LPA1-LPA6 are for proteins, and their gene symbols
are LPAR1-LPAR6 for human and Lpar1-Lpar6 for non[89]
human .
All LPA receptors signal through at least one of the
four heterotrimeric Gα proteins (Gα12/13, Gαq/11, Gαi/o, and
[12,90]
Gαs)
, resulting in downstream signals that produce
diverse physiological and pathophysiological effects
(Figure 3). Gα12/13-mediated LPA signaling regulates
cytoskeletal remodeling, cell migration and invasion
[91]
through activation of Rho pathway proteins . Rho
signals to c-jun N-terminal kinase (JNK) and p38 through
Rho-associated kinase (ROCK) and protein kinase N.
2+
The LPA-coupled Gαq/11 protein primarily regulates Ca
homeostasis through phospholipase C (PLC), which
generates the second messengers IP3 and diacylglycerol
[92-94]
(DAG)
. Gβγ and Gαi/o subunits mediate the activation
of phosphatidylinositol 3-kinase (PI3K) which results
in the stimulation of the Akt pathway and increase of
protein translation after the activation of the mammalian
target of rapamycin (mTOR) signaling pathway. Activation
of PI3K by Gβγ subunits also stimulates the activity of
Rac, leading to cell migration and JNK regulation of proinflammatory gene expression, and Ras activity, leading
to the stimulation of Raf- mitogen-activated protein
kinase (MEK)-extracellular signal-regulated kinase (ERK)
pathway to promote the expression of genes involved
in proliferation and invasion. Gαi/o, besides PI3K, also
stimulates the Ras-Raf-MEK-ERK pathway promoting
[95,96]
cell survival and other functions
. Gαs can activate
adenylyl cyclase and increase cAMP concentration upon
[97]
LPA stimulation . However, the same enzyme is also
inhibited by Gαi/o, showing the complexity of signaling
[98]
pathways after the activation of LPA receptors .
All six LPA receptors can be stimulated by 1-acylLPAs, which show different potencies. LPA 3 and
LPA6 prefer unsaturated 2-acyl-LPA, while LPA5 likes
[99,100]
ether-linked 1-alkyl-LPA species
. In addition,
lysophosphatidylserine, lysophosphatidylinositol, and
lysophosphatidylethanolamine, have been thought
[101]
to activate these receptors as well
. Different LPA
molecules may have preference to different subtypes
[102]
of LPA receptors . Table 1 summarizes PLA receptors
expression profiles and their known physiological
functions in humans and mice.

LPA RECEPTORS-MEDIATED LPA
SIGNALING
LPA acts as a potent mitogen, which was previously
known as “ventricular zone gene-1 (vzg-1)” due its
high level in the embryonic neuroproliferative layer of
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Figure 3 Summary of lysophosphatidic acid activated intracellular signaling pathways via the six cognate lysophosphatidic acid receptors. PLC:
Phospholipase C; PI3K: Phosphatidylinositol 3-kinase; AC: Denylyl cyclase; PNK: Polynucleotide 5'-hydroxyl-kinase; ROCK: Rho-associated kinase; JNK: c-jun
N-terminal kinase; SRF: Serum response factor; IP3: Inositol 1,4,5-triphosphate; DAG: Diacylglyerol; PKC: Protein kinase C; MEK: Mitogen-activated protein kinase;
ERK: Extracellular signal-regulated kinase; Akt: Protein kinase B; Mtor: Mammalian target of rapamycin.

LPA1

-/-

LPA1 is the first LPA receptor identified based on studies
[11]
of LPA in the brain . LPA1 couples to three Gα proteins Gα12/13, Gαq/11, and Gαi/o, which can result in the activation
of downstream pathways including Akt, Rho, Ras, and
PLC (Figure 3). These pathways mediate many cellular
responses initiated by LPA1 such as neurodevelopment
regulation, cell proliferation, differentiation, apoptosis
and survival, cell-cell contact through a variety of
[68,84,103-106]
-/mechanisms
. Lpar1 mice exhibit about 50%
perinatal lethality, which was attributed to the defective
development of olfaction. The survived ones had
reduction of body size, craniofacial dysmorphism, and
[107]
loss of Schwann cells . Dysregulation at glutamatergic
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[108]

synapses was observed in Lpar1 mice
. When
-/the original Lpar1 mouse line was expanded, a
spontaneous variant named “Málaga LPA1” arose. They
showed more severe brain defects than the original
-/[109]
Lpar1 line mice did
. The loss of LPA1 in animals
seems to modulate the development of several diseases
including cancer, obesity, neuropathic pain, fibrosis and
[110]
male infertility .

LPA2

The amino acid sequence of LPA2 is about 50% identical
to that of LPA1, and it associates with Gαi/o, Gαq/11, and
[106]
Gα12/13, the same as LPA1
(Figure 3). These G proteins
use Ras, PI3K/Rac, PLC/DGA and Rho to mediate their
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Table 1 Expression pattern of lysophosphatidic acid receptors and their known physiological functions in humans and mice
Name

Information

Previous orphan
names

Major expression tissue
(high to low level)

LPA1

Human
chromosome locus
9q31.3; 41.1 kDa1;
364 aa2; Identity3
97.3%

vzg-1, edg-2,
39.4 kDa; 344 aa
mrec1.3, lpA1

Brain, placenta, urinary
Perinatal lethality,
Neurodevelopment
bladder, uterus, testis,
retarded growth,
regulation, cell
lung, small intestine,
defective olfaction,
proliferation,
heart, stomach, kidney,
reduced body
differentiation,
spleen, thymus, and
size, craniofacial
apoptosis and survival,
skeletal muscle.
dysmorphism with cell-cell contact through
Brain, heart, lungs,
blunted snouts, and
serum-response
stomach, intestine,
increased apoptosis in
element activation,
placenta, kidneys,
sciatic nerve Schwann
cell migration
spleen, uterus, testes.
cells.
and cytoskeletal
organization, Ca2+
homeostasis, cAMPregulated cellular
processes and adenylyl
cyclase inhibition
Leukocytes, testis,
Normal
Cell migration, viable
prostate, spleen,
and healthy, nervous
thymus and pancreas.
system development
and immune system
regulation.
Kidney, testis, uterus,
lung, stomach, spleen,
thymus, postnatal
brain, and heart.

Mouse chromosome
locus 4, 32.2 cM;
41.1 kDa; 364 aa

LPA2

Human
chromosome
19p13.11; 39.1 kDa;
351 aa; Identity
83.5%
Mouse chromosome
8, 33.91 cM; 38.7
kDa; 348 aa

edg-4, lpA2

LPA3

Human
chromosomal locus
1p22.3; 40.1 kDa;
353 aa; Identity
91.2%
Mouse chromosome
locus 3, 71.03 cM;
40.3 kDa; 354 aa

edg-7, lpA3

LPA4

Human
chromosome
Xq21.1; 41.9 kDa;
370 aa; Identity
98.4%
Mouse chromosome
X region D; 41.9
kDa; 370 aa

P2Y9/GPR23

LPA5

Human
chromosome
12p13.31; 41.3 kDa;
372 aa; Identity
79.0%
Mouse chromosome
6, 59.21 cM; 41.4
kDa; 372 aa

GPR92
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Knockout effects in
mouse

Heart, testis, prostate,
Delayed embryo
pancreas, lung, ovary, implantation, embryo
and brain.
crowding, and reduced
litter size for female
null mutants.
Lung, kidney, uterus,
testis, small intestine,
brain, heart, stomach,
placenta, spleen, and
thymus.
Ovaries, thymus,
Inhibition of its
pancreas, brain, heart,
differentiation into
small intestine, testis,
osteoblasts in human
prostate, colon, and
mesenchymal stem
spleen.
cell line; For mouse:
Heart, ovary, skin,
increased trabecular
thymus, and bone
bone volume, number,
Marrow.
and thickness;
pericardial effusions,
severe edema
and hemorrhage,
abnormally dilated
blood and lymphatic
vessels and lymph sacs,
and impaired pericyte
recruitment.
Spleen, heart, small
Reduced lung
intestine, placenta,
metastasis by
colon, and liver.
melanoma cells.

Small intestine, lung,
heart, stomach, colon,
spleen, thymus, skin,
liver, platelets, mast
cells, gastrointestinal
lymphocytes, and
dorsal root ganglia.

4139

Biological functions

Male and female
reproductive
physiology,
inflammation, cell Ca2+
homeostasis and cAMP
regulation, vertebrate
left-right patterning
during embryogenesis.

ROCK-dependent
cell aggregation and
N-cadherin-dependent
cell adhesion, cAMP
accumulation,
differentiation
of immortalized
hippocampal
progenitor cells,
negatively cell motility
regulation and
osteogenesis.

Ref.
Yung et al[68], 2014;
Archbold et al[138], 2014;
Choi et al[139], 2008;
Anliker et al[103], 2013;
Sakai et al[104], 2013;
Wittpoth et al[98], 1999;
An et al[82], 1998;
Contos et al[107], 2000;
Contos et al[106], 2000;
Fukushima et al[84], 2001.

Yung et al[68], 2014;
An et al[82], 1998;
Contos et al[106], 2000b;
Archbold et al[138], 2014;
Ohuchi et al[111], 2008;
Choi et al[110], 2010;
Valentine et al[140], 2008;
Xu et al[113], 2004;
Lai et al[112], 2005;
Contos et al[115], 2002;
Choi et al[139], 2008.
Yung et al[68], 2014;
Bandoh et al[83], 1999;
Im et al[116], 2000;
Contos et al[107], 2000a;
Zhao et al[117], 2015;
Ye et al[118], 2010;
Hama et al[119], 2010;
Lai et al[120], 2012

Yung et al[68], 2014;
Ohuchi et al[111], 2008;
Choi et al[110], 2010;
Liu et al[123], 2010;
Mansell et al[124], 2010;
Liu et al[125], 2009;
Sumida et al[126], 2010;
Yanagida et al[71];
Lee et al[97], 2007;
Rhee et al[121], 2006;
Lee et al[122], 2008

Neurite retraction,
Yung et al[68], 2014;
stress fiber formation,
Lee et al[87], 2006;
receptor internalization,
Lee et al[141], 2015;
water absorption, Ca2+
Amisten et al[142], 2008;
mobilization and cAMP Lundequist et al[129], 2011;
accumulation, LPAAraki et al[130], 2014;
induced release of
Lin et al[128], 2010;
chemokine ligand 4 in Yanagida et al[143], 2013
mast cells.
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LPA6

Human
chromosome
13q14.2; 39.4 kDa;
344 aa; Identity
93.0%
Mouse chromosome
14, region D3; 39.4
kDa; 344 aa

P2Y5

Hair, skin.

Hypotrichosis

Hair, immune cells.

Hair development,
increased intracellular
Ca2+, reduced forskolinstimulated cAMP
accumulation, and
ERK1/2 activation

Yanagida et al[144], 2011;
Yanagida et al[143], 2013;
Raza et al[135], 2014;
Dong et al[145], 2014;
Lee et al[141], 2015;
Lee et al[133], 2009

1

Molecular mass were obtained from UniProt[146]; 2aa means amino acids; 3Identities between human and mouse lysophospholipid receptors were calculated
in UniProt[146]. vzg-1: Ventricular zone gene-1; edg: Endothelial differentiation gene.

[71]

down-stream signals, which may regulate cell survival
[107]
and migration
. LPA2 regulates cell survival and
cell migration in the development of nervous system
[68,90,106,110,111]
and functions of immune system
. The
focal adhesion molecule thyroid receptor-interacting
[112,113]
protein 6
and several PDZ-domain and zinc finger
[114]
proteins
interact with LPA2. The PDZ-binding domain
+
+
of LPA2 regulates Na /H exchanger regulatory factor
2 activity, and activates PLC-3 and Akt/ERK signaling
pathways. These pathways stimulate cell migration,
enhance survival, and alter gene expression, accounting
-/for the functions attributed to LPA2. Lpar2 mice are
viable and healthy, while those null for both Lpar1 and
Lpar2 show features essentially consistent with those of
-/-[115]
Lpar1
. These data suggest functional redundancy of
LPA2 with LPA1.

and N-cadherin-dependent cell adhesion . LPA4 is only
[97]
LPA receptor that activates Gαs to induce cAMP level .
The activation of LPA4 was thought to regulate the
differentiation of immortalized hippocampal progenitor
[121]
cells . In addition, the activation of LPA4 could inhibit
LPA-induced cell migration, but LPA exposure increased
lamellipodia formation and transwell movement of
[122]
LPA4 null cells, indicating an increased sensitivity
.
It shows the ability of LPA4 to negatively regulate cell
motility and indicates that differential effects may be
achieved by simultaneously expressing multiple LPA
receptors. LPAR4-deficient human mesenchymal stem
[123]
cells lost ability to differentiate into osteoblasts
.
-/[122]
While adult Lpar4 mice appear grossly normal
,
they exhibit increased trabecular bone volume, number,
[124,125]
and thickness
. LPA4 pathway seems to inhibit
-/osteogenesis. Lpar4 mice had reduction of prenatal
survival rate during embryo development, which is
accompanied by changes such as pericardial effusions,
[126]
severe edema and hemorrhage .

LPA3

LPAR3/Lpar3 was cloned based upon homology to
already identified LPA receptor genes using degenerated
[83,116]
primers in a PCR-based cloning strategy
. LPA3
couples with Gαq/11 and Gαi/o to mediate adenylyl cyclase
2+
inhibition, PLC activation and Ca mobilization, and
[105]
Ras activation
(Figure 3). LPA3 prefers 2-acyl-LPAs
[83]
containing unsaturated fatty acids . It mediates the
activation of a series of physiological processes such as
male and female reproductive physiology, inflammation,
2+
[107,117-119]
cell Ca homeostasis and cAMP regulation
. LPA3
appears to determine vertebrate left-right patterning
during embryogenesis as downregulation of Lpar3 or
inhibition of LPA3 activity disrupted patterning process in
[120]
-/zebrafish . Lpar3 mice are viable with no reported
neural deficits, even though LPA3 is found in the frontal
[83,116]
cortex, hippocampus, and amygdala
. On the other
-/hand, female Lpar3 mice have a delayed embryo
[117]
implantation, and reduced litter size .

LPA5

LPA4

The first so-called non-EDG LPA receptor was identified
in 2003, and named as LPA4. It shares homology
(approximately 20%) with LPA1-3, and it is more closer
[86]
to the P2Y receptor family . LPA4 was identified by
screening orphan receptors using calcium mobilization as
a readout for ligand-induced signals. LPA4 couples with
[97]
Gα12/13, Gαq/11, Gαi/o and Gαs , and activates Rho/ROCK to
[71,97]
induce neurite retraction and stress fiber formation
(Figure 3). It induces ROCK-dependent cell aggregation
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[87,127]

LPA5, the fifth LPA receptor, was identified in 2006
.
It shares about 35% homology with LPAR4, and 22%
[87]
homology with LPAR1-3 . LPA5 couples with Gα12/13
and Gαq/11, which mediate neurite retraction, stress fiber
formation, and receptor internalization in LPA5-expressing
[87]
cell lines (Figure 3). It also activates Gαq/11 to increase
intracellular calcium mobilization, and cAMP accumulation
via a non-Gαs mechanism, suggesting the involvement
[87,127]
of other G-proteins
. LPA5 signaling may also affect
[128]
intestinal water absorption . This is achieved through
+
+
the LPA-induced recruitment of Na /H exchanger 3 to
the microvilli mediated by the interaction between LPA5
+
+
and Na /H exchanger regulatory factor 2. Additionally,
LPA5 is the main LPA receptor responsible for LPA[129]
induced release of chemokine ligand 4 in mast cells .
Interestingly, LPA5 in B16 melanoma cells, prefers alkyl[99]
-/LPA (18:1) to acyl-LPA (18:1) . Lpar5 null mice exhibit
reduced lung metastasis by melanoma cells compared
[130]
with wild type ones .

LPA6

The most recently identified LPA receptor is LPA6. It was
first isolated from a chicken T cell library and named
[131]
receptor 6H1 in 1993 , and then, renamed to P2Y5
because of sequence homology with P2Y receptors in
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[132]

1996
. LPA6 couples with Gα-protein Gα12/13 (Figure
3). Its activation by LPA causes cAMP accumulation,
changes in cell morphology, and guanosine 5′-3-O-(thio)
[71]
triphosphate binding . When LPA6 was expressed
together with a Gα protein, LPA stimulation increased
2+
intracellular Ca level, and decreased forskolin-induced
[133]
cAMP level and ERK activation in intestinal cells
.
LPA6 has been thought to be involved in familial hair
[134,135]
loss
. Mutations of lipase member H and LPA6 in
patients with hypotrichosis are respectively associated
with a decrease in LPA production and abnormal LPA6
[134,136,137]
activation in cells
. These findings demonstrate
the roles of LPA6 and LPA signaling may be therapeutic
targets for the treatment or prevention of human hair
[138-146]
loss
.

increases gradually in rabbits fed a high-cholesterol
diet for 12 wk. The levels of individual LPAs formed
after the incubation of serum for 24 h elevated with
the increase of the length of time that rabbits were fed
[152]
a high cholesterol diet . These studies indicate that
feeding of a high-fat diet can cause an increase in the
circulating level of LPA. Preadipocytes mainly express
[153]
LPA1
, and the mRNA level of Lpar1 expression in
preadipocytes is higher than that in mature 3T3-L1
[154]
adipocytes
. However, in human adipose tissue,
[155]
obesity does not influence on LPAR1 expression
.
This discrepancy of LPA1 expression levels between
human and mouse adipose tissues suggest that obe
sity promotes LPA synthesis rather than activation in
adipose tissue.
[20,153,154]
The LPA-induced proliferation of preadipocytes
has been thought to be mediated through LPA1 and the
[154,156,157]
activation of the Ras-Raf-MEK-ERK pathway
. LPA
inhibits differentiation of white and brown preadipocyte
cell lines, which include porcine preadipocyte cell line;
mouse preadipocyte cell line, 3T3-L1 and 3T3F442A; and
human Simpson-Golabi-Behmel Syndrome preadipocyte
[153,154,158,159]
cells
. This inhibition is mediated by LPA1 via
[160,161]
the Rho-ROCK pathway
. All these result in a downregulation of PPARγ, and impaired responses of PPARγtargeted genes to its ligands, which leads to reduced
TAG accumulation, and expression levels of adipogenic
[153,154]
genes
.
The activation of Rho-ROCK pathway delayed
the activation of the Wnt-signaling pathway, which
has been partially attributed to the inhibited PPARγ
expression and adipogenesis. When mice with the
adipocyte-specific knockout of ATX gene (FATX-KO)
were fed a high-fat diet, they had more fat mass and
larger adipocyte size, but not adipocyte number, than
the control mice did in the absence of any change of
food intake. The deletion of ATX in mice appeared to
lead sensitivity to diet-induced obesity, which might
be due to elevated expression levels of PPARγ and its
down-stream adipogenic genes in subcutaneous white
adipose tissue. Interestingly, those knockout mice had
improved glucose tolerance and less systemic insulin
[63,161]
resistance than the control mice fed the same diet
.
LPA stimulation seems to have anti-adipogenic effect
[153]
[159]
in white adipocytes
and in brown preadipocytes .
Aforementioned experiments seem to indicate that
ATX-LPA receptor signaling pathway may inhibit the
development of adipose tissue (Figure 4).
On the other hand, others reported that ATX
promotes preadipocytes proliferation and differentiation
into adipocytes, thereby promoting adipocyte hyperplasia
and obesity. It was showed that deletion of ATX results
in smaller body weight gain, smaller fat pad weights
and adipocyte numbers, less insulin resistance and
+/glucose tolerance in heterozygous Enpp2
mice
and adipocyte-specific FATX-KO mice fed a high-fat
[162]
diet than their littermates controls
. Moreover, the
FATX-KO improved brown adipose tissue function,

LPA RECEPTOR SIGNALING IN OBESITY
AND INSULIN RESISTANCE
Recently, obesity has become major public health
concern, particularly in the United States. According
to 2015 Center of Disease Control and Prevention
estimates, more than one-third of adults (34.9% or
78.6 million) and 17% of youth in the United States
[147]
were obese in 2011-2014
. Obesity is associated
with the development of chronic metabolic diseases
including diabetes, heart disease, stroke, and some types
of cancer. The long-term effects of being overweight
correlate with premature death, cardiovascular disease,
metabolic morbidities, and asthma, among other
[148]
problems
. Both environmental factors and genetic
factors contribute to the obesity development. Many
factors modulate the propensity to accumulate fat in
cells, including an increased ratio of adipocyte precursor
[149]
cells to differentiated adipocytes .

LPA receptor signaling regulates adipogenesis

Obesity is associated with adipocyte hypertrophy and
hyperplasia. Hypertrophy results in excessive TAG
accumulation in adipocytes. Hyperplasia results in
recruitment of new adipocytes via proliferation and
differentiation. LPA was found to induce proliferation
of 3T3F442A preadipocytes, indicating the role of LPA
[150]
signaling in fat storage . LPA stimulation increases the
growth of 3T3F442A cells via LPA1, which activates the
Ras-Raf-MEK-ERK pathway, and of the focal adhesion
[20,151]
kinase
.
-/It has been reported that Lpar1 mice exhibited
greater adiposity than the control mice without
alteration of feeding behavior, despite of lowered body
[107]
-/weight . Interestingly, Lpar1 mice were resistant to
diet-induced obesity that may result at least in part from
[64]
alterations in leptin production . Mature adipocytes
express more ATX than preadipocytes. When secreted
from adipose tissue, ATX may promote preadipocyte
proliferation. Its expression was up-regulated during
[44,45]
adipocyte differentiation, and in db/db mice
.
The serum levels of LPC, the precursors of LPA,
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Figure 4 Autotaxin-lysophosphatidic acid signaling axis regulates adipose tissue development and glucose homeostasis in obesity. In adipose tissue,
especially in mature adipocytes, the elevated expression of AXT leads to production of LPA and then induced proliferation of preadipocytes via LPA1 through Ras-RafMEK-ERK pathway. On the other hand, LPA inhibits differentiation of white and brown preadipocytes, which is mediated by LPA1 via the Rho-ROCK pathway. Shortterm insulin treatment increases ATX secretion in adipocytes via PI3K/Akt-mTOR pathway, whereas long-term insulin treatment reduces ATX activity. LPA produced by
ATX in obesity has a tonic inhibitory effect on glucose homeostasis through inhibition of insulin secretion in isolated pancreas islets, increase of glucose transport in
myocyte and adipocytes via GLUT4 translocation in a PI3K dependent manner, and elevation of glycogenolysis in hepatocytes. ROCK: Rho-associated kinase; PI3K:
Phosphatidylinositol 3-kinase; MEK: Mitogen-activated protein kinase; ERK: Extracellular signal-regulated kinase; Akt: Protein kinase B; mTOR: Mammalian target of
rapamycin; GLUT4: Glucose transporter type 4.

increased energy expenditure, and improved systemic
metabolism. Transgenic mice expressing the human
ATX/ENPP2 gene under the control of α1 antitrypsin
gene promoter became sensitive to diet-induced obesity
due to reduced expression of brown adipose tissuerelated genes in peripheral white adipose tissue and
accumulated significantly more fat without any change of
locomotor activities, thermogenic profiles, and systemic
[159]
metabolism
. In mice, ATX is highly expressed in
visceral white adipose tissue and brown adipose tissue
[162]
and is downregulated in adipose tissue hypertrophy .
In human, ATX expression is higher in subcutaneous than
in visceral fat, and the latter fat pad in obese subjects
has higher ATX expression level than that in non-obese
[155]
subjects, which is correlated with leptin expression .
The circulating ATX levels correlated negatively with body
mass index, and mRNA levels of ATX were reduced in
[162]
subcutaneous fat from obese subjects . Moreover, ATX
expression in adipose tissues may be negatively regulated
by LPA through a feedback regulatory mechanism, which
may involves inflammatory cytokines such as tumor
[163]
necrosis factor α (TNF-α) and interleukin-1β .

LPA was found to enhance glucose uptake in a dosedependent manner in both GLUT4myc L6 myotubes and
3T3-L1 adipocytes, a process that was attributed to the
increase of GLUT4 translocation in a PI3K dependent
manner. Moreover, the effect of LPA on glucose uptake
was completely inhibited by pretreating cells with LPA1/3
receptor antagonist Ki16425 and Gi inhibitor pertussis
[169]
toxin . LPA significantly lowered blood glucose levels
in normal mice and streptozotocin-induced diabetic
mice, suggesting the promotion of glucose usage, but
[169]
not stimulation of insulin secretion .
The elevation of ATX expression in adipocytes of db/
db mice occurred simultaneously with the development
of hyperglycemia, and only 3 wk after the emergence
[166]
of hyperinsulinemia in them
. ATX expression was
up-regulated by treatment with TNFα, and down[166]
regulated by rosiglitazone in 3T3F442A adipocytes .
The upregulation of ATX expression in adipocytes of
db/db mice seems to be associated with the emergence
of hyperglycemia rather than fat accumulation or
[166]
hyperinsulinemia .
The plasma levels of LPC, as the precursor of
LPA, are reduced in obese and type 2 diabetic mice,
suggesting that it may regulate blood glucose level. This
reduction may contribute to the impairment of glucose
[170]
homeostasis
. Interestingly, adipocyte specific ATX
knockout mice fed with a high-fat diet showed greater
adiposity and better tolerance to glucose challenge than
[63]
control mice , suggesting a negative effect of LPA on
glucose homeostasis. Similarly, LPA production appears
to impair glucose disposal probably through a reduction

ATX-LPA receptor signaling axis exerts a negative effect
on glucose homeostasis in obesity

Earlier studies found that increases in adipocyte size
correlated with insulin resistance, and increased risk
[164,165]
of type 2 diabetes
. The expression of ATX is
increased in the adipose tissue of obese and insulin[44,155,166]
resistant subjects and mice
. It has been shown
[167,168]
that LPA also regulates glucose metabolism
.
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of plasma insulin as pharmacological inhibition of LPAR1/3
activation improves glucose homeostasis in obese and
[171]
prediabetic mice
. Another possibility is that the
progression of diabetes affects ATX expression in adipose
[162]
tissue . It has been shown that treatments with high
concentrations of glucose and insulin led to ATX secretion
in adipocytes. Short-term insulin treatment increased
ATX activity, whereas long-term insulin treatment
reduced the levels of ATX mRNA and protein, and its
[172]
activity .
In humans, ATX expression in adipose tissue
significantly increased in diabetes patients in contrast
[158,166]
with obese-only subjects
. Its expression in
subcutaneous fat is higher than that in visceral fat.
Nevertheless, ATX in visceral, but not subcutaneous,
fat of obese subjects is higher than that in non-obese
[155]
patients . Interestingly, the circulating ATX levels in the
[162]
blood were reduced in obese subjects . The females
[173]
have higher blood ATX level than males .
The variations of ATX expression were correlated with
some clinical parameters. In obese patients, visceral fat
ATX was positively correlated with diastolic arterial blood
pressure, plasma leptin level, and expression levels of
[155]
inducible nitric oxide synthase and apelin receptor .
In older and obese humans, plasma ATX correlated with
fasting glucose, fasting insulin, and glucose level 2 h after
[173]
an oral glucose tolerance test, and body mass index .
LPA produced by ATX in obesity has a tonic inhibitory
effect on glucose homeostasis through inhibition of insulin
secretion in isolated pancreas islets, increase of glucose
transport in myocyte and adipocytes, and elevation of
[164]
glycogenolysis in hepatocytes
. LPA was reported
[174]
to activate glycogenolysis in hepatocytes in vitro
,
suggesting that LPA’s effects on glucose homeostasis
may be mediated by the liver. All these indicate that
LPA production via ATX and its receptors activation may
impact glucose homeostasis (Figure 4).

The injuries caused by nutritional and environmental
factors alter liver structures and functions, which
[178]
may lead to the liver fibrosis
. The hepatic matrix
is remodeled by the inflammatory responses after
liver injury. Upon the stimulation, the generation of
the liver matrix such as collagen, elastin, hyaluronan,
proteoglycans and fibronectin is elevated, which
is followed by remodeling processes. All these are
associated with the activation of HSCs, and the change
of local architecture and the reduction of liver functions.
Excessive production and accumulation of extracellular
matrix in the liver results in fibrosis, which can lead
[178]
to liver cirrhosis
. In addition to HSCs, other cells
responsible for the fibrosis include fibrocytes from
hematopoietic stem cells, portal fibroblasts, bone marrow
derived mesenchymal cells, epithelial-mesenchymal
[178]
transition and endothelial to mesenchymal transition .
The excessive accumulation of lipids and alterations
of their metabolism have been used to explain the
etiology of type 2 diabetes, which is associated with
[175,179]
profound changes of hepatic gene expression
.
This alteration of hepatic lipid metabolism may cause
the development of fibrosis. For example, the elevation
of lipid peroxidation in zone 3 hepatocytes has been
[180]
suggested with the development of fibrosis
. On
the other hand, changes of fatty acid compositions in
plasma phospholipids have been observed in subjects
[181,182]
with fibrosis
. All these show that the alterations
of plasma phospholipids in patients with metabolic
diseases may play a role in the development of fibrosis.
It has been shown that serum ATX activity and LPA
level increase with the development of liver fibrosis
[74,183-185]
in patients with chronic hepatitis C
, and with
[186,187]
cholestasis and pruritus
. The association of
elevated plasma ATX level with chronic liver disease
(CLD) in patients suggests a shorter overall survival in
[185]
a 10-year follow-up study . Moreover, the increased
expression level of hepatic ATX mRNA was found in the
majority of publically available CLD and hepatocellular
carcinoma (HCC) microarray data sets, suggesting
[185]
an association of ATX with liver pathophysiology
.
ATX and LPA levels increased in the plasma of patients
with hepatitis C virus (HCV) infection, and positively
[183,184,188,189]
associate with liver fibrosis stages
. HCV
infection may stabilize the activity of hypoxia inducible
factor in a PI3K dependent manner, which may increase
[190]
ATX expression, and in turn induce liver fibrosis .
It has been shown that serum ATX level correlated
with fibrosis grade, and is useful as its marker in liver
[191]
fibrosis . The higher expression level of LPA2 mRNA
has been associated with the poorer differentiation of
HCC cells, and a higher LPA6 mRNA level is associated
with microvascular invasion of HCC. The high expression
levels of LPA2 and LPA6 mRNA in HCC predict a high
potential for malignancy. The elevated levels of LPA6
and LPA6 mRNA in conjunction with plasma ATX predict
higher rate of recurrence after surgical removal of
[192]
the tumors
. In addition, the plasma level of ATX

POSSIBLE ROLE OF LPA SIGNALING IN
LIVER FIBROSIS
The liver plays a critical role in the control of glucose and
lipid homeostasis. The disturbance of this homeostasis
may lead to development of metabolic diseases such as
[175]
type 2 diabetes
and nonalcoholic fatty liver disease
[176]
(NAFLD) . Liver fibrosis is a process that leads to the
alteration of the hepatic architecture marked by the
accumulation of proteins such as collagen in extracellular
matrix. This is generally associated with the development
of liver diseases such as NAFLD and hepatitis. If left
untreated, the further development of these diseases
and liver fibrosis will lead to cirrhosis, and liver failure,
which needs liver transplantation for the treatment.
Factors causing damages of hepatocytes result in
activation of hepatic stellate cells (HSCs) and production
of pro-inflammatory and pro-fibrotic factors, which
will stimulate formation of accumulation of proteins in
[177]
extracellular matrix .
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has been considered as a potential pathogenic factor
and/or biomarker for nonalcoholic fatty liver disease
[193]
in nondiabetic and obese women
. Moreover, the
plasma ATX levels correlated with prognosis of cirrhosis
(Child-Pugh score), showing the link of ATX and the
[194]
severity of cirrhosis in patients with CLD .
In rats, plasma LPA level and serum ATX activity were
increased in liver injury and were correlated with severity
of the damage; the former in relation to the extent
of fibrosis, and the latter in relation to the extent of
[186,195]
hepatocyte damage
. In mice, different hepatotoxic
stimuli linked with the development of different forms of
CLD were shown to stimulate hepatocyte ATX expression,
leading to increased LPA production, HSCs activation,
[185]
and signals for fibrosis development .
LPA was first shown to stimulate rat HSCs proliferation
[196]
through MAP kinase activation in 1998 . Then, LPA
was shown to enhance HSCs contractility through
modulation of cellular morphology and attachment to
[197,198]
extracellular matrices via Rho-kinase
. LPA also
inhibits the apoptosis of those cells through Rho/Rho
[199]
kinase activation , suggesting its involvement in the
pathogenesis of liver fibrosis. Moreover, LPA was shown
to induce nuclear translocation of inducible nitric-oxide
[200]
synthase in hepatocytes . These findings demonstrate
the possible involvement of LPA in the development of
liver fibrosis.

addressed. Future analysis will undoubtedly shed some
light on these. (3) There are many factors contributing to
the pathophysiology of obesity and metabolic diseases.
Therefore, the precise role of LPA signaling pathways
in these diseases remains to be investigated further. In
addition, mechanisms by which the LPA and its receptor
signaling pathways in the differentiation of both white
and brown adipocytes remain to be clarified. This may
help for the control of lipid metabolism. (4) LPA seems to
have a negative effect on glucose homeostasis in obesity.
This was observed only in obese patients, but not in
non-obese subjects. So future human studies should
focus on more heathy subjects and compare with those
parameters of obese patients. (5) LPA appears to inhibit
insulin secretion. Whether this inhibitory effect is due
to a direct action of LPA on pancreas islets or a possible
regulation of liver glycogen mobilization and/or muscle
glucose oxidation remains to be clarified. And (6) It was
shown that the plasma LPA level and serum ATX activity
both were increased in association with liver fibrosis. The
underlying mechanism remains to be determined.
Taken together, the LPA signaling pathways
contain multiple points that potentially involve in the
development of obesity, liver fibrosis and related
pathologies. The development of novel pharmacological
modulators targeting intervention points may open new
research fields and provide potential medicinal therapies
to reduce human suffering. The prospects are bright for
expanding insights and contributions in LPA biology.

CONCLUSION
LPA is a highly bioactive lipid mediator with a number of
cellular sources and exerts its actions through a family
of receptors coupling with GPCRs in various cell types.
Here, we have discussed recent advances in pathways
for extracellular and intracellular production of LPA, the
functions as well as structural and biochemical properties
of ATX and LPA receptors. For the past 20-30 years,
the cloning and identification of proteins mediating LPA
production and signal transduction pathways open a new
field for us to understand relevance of these proteins in
physiology and disease development. The association
of LPA production and signal pathways with chronic
metabolic diseases has been gradually realized. We have
highlighted the roles of LPA signaling pathways in the
obesity, insulin resistance and liver fibrosis.
The realization of the importance of LPA-mediated
functions leads to more open questions begging for
answers. (1) The regulations of enzymes involved in LPA
synthesis and degradation pathways remain to be further
investigated. Whether intracellularly produced LPA
can cross the plasma membrane into the extracellular
compartment is currently unclear. Additional enzymes
or pathways for the production of LPA are still worth
exploring. For example, phosphatidylglycerol was shown
to be converted to LPA under the catalytic action of GPAT
[201]
as reported . (2) For ATX, an important player for the
extracellular LPA production, how its activity is regulated,
and how the newly produced LPA is released remain to be
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Abstract
Sorafenib has been considered the standard of care
for patients with advanced unresectable hepatocellular
carcinoma (HCC) since 2007 and numerous studies
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have investigated the role of markers involved in the
angiogenesis process at both the expression and
genetic level and clinical aspect. What results have
ten years of research produced? Several clinical and
biological markers are associated with prognosis. The
most interesting clinical parameters are adverse events,
Barcelona Clinic Liver Cancer stage, and macroscopic
vascular invasion, while several single nucleotide
polymorphisms and plasma angiopoietin-2 levels
represent the most promising biological biomarkers.
A recent pooled analysis of two phase III randomized
trials showed that the neutrophil-to-lymphocyte ratio,
etiology and extra-hepatic spread are predictive factors
of response to sorafenib, but did not identify any
predictive biological markers. After 10 years of research
into sorafenib there are still no validated prognostic or
predictive factors of response to the drug in HCC. The
aim of the present review was to summarize 10 years
of research into sorafenib, looking in particular at the
potential of associated clinical and biological markers to
predict its efficacy in patients with advanced HCC.

which sorafenib exerts its activity have still not been
fully elucidated, and both Raf/MEK/ERK-dependent and
[3]
-independent mechanisms have been observed .
Sorafenib is expensive and associated with adverse
events (AEs). Furthermore, a proportion of treated
patients show no response to the drug. It would thus be
useful to have predictive markers capable of identifying
those who are more likely to benefit from therapy. The
availability of more accurate predictive or prognostic
factors would also help to spare potentially resistant
patients from unnecessary toxicity.
Ten years have passed since sorafenib was first
commercialized and about 2800 studies have been
published on the kinase inhibitor. But how many
associated prognostic and/or predictive markers have
been identified? Numerous studies have focused on the
role of markers involved in the angiogenesis process
at both the expression and genetic levels. The largest
[4]
biomarker study conducted to date is the SHARP trial ,
which included an adequate number of participants and
a placebo-controlled group. Smaller single-arm studies
exploring predictive or prognostic markers for sorafenib
have also been conducted, but the results of these have
yet to be validated.
The aim of the present review was to summarize
10 years of research into sorafenib, looking in particular
at the potential of associated clinical and biological
markers to predict its efficacy in patients with advanced
HCC (Tables 1 and 2).

Key words: Biomarker; Angiopoietin; Neutrophil-tolymphocyte ratio; Polymorphisms; Sorafenib; MicroRNA;
Adverse events; Hepatocellular carcinoma; Vascular
endothelial growth factor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sorafenib has been considered the standard
of care for patients with advanced unresectable
hepatocellular carcinoma, but after 10 years of research
into sorafenib response or resistance, there are still no
validated prognostic or predictive factors of response.

CLINICAL PARAMETERS
Alpha-fetoprotein

Alpha-fetoprotein (AFP) is secreted by about 50% of all
HCCs and is the main serological marker used for the
[5]
[4]
diagnosis of the tumor . The SHARP trial showed that
high baseline AFP plasma levels (> 200 ng/mL) had
a negative impact on overall survival (OS), a finding
recently confirmed in a pooled analysis of the SHARP
[6]
trial and the Asia Pacific trial by Bruix et al . High
baseline serum AFP levels (≥ 400 ng/mL) also appear
to be associated with shorter time-to-progression
(TTP). Notably, in an analysis of six prospective phase
II trials evaluating systemic therapies for patients with
advanced HCC, no association was observed between
[7]
baseline AFP levels and prognosis .
[8-10]
Several studies
have highlighted a consistent
correlation between an early decrease of > 20% in
AFP levels following sorafenib and objective response
and better outcome in advanced HCC patients. Shao
[8]
et al evaluated for the first time this aspect and they
observed that patients with early AFP response had an
improved progression-free survival (PFS) (7.5 mo vs
1.9 mo) and OS (15.3 mo vs 4.1 mo). This data was
[10]
confirmed by Personeni et al
a few years later. They
reported that early responders had a significantly better
median OS and TTP than non-responders (13.8 mo vs
8.2 mo, P = 0.022 and 7.9 mo vs 2.4 mo, P = 0.004;

Marisi G, Cucchetti A, Ulivi P, Canale M, Cabibbo G, Solaini
L, Foschi FG, De Matteis S, Ercolani G, Valgiusti M, Frassineti
GL, Scartozzi M, Casadei Gardini A. Ten years of sorafenib
in hepatocellular carcinoma: Are there any predictive and/or
prognostic markers? World J Gastroenterol 2018; 24(36):
4152-4163 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i36/4152.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i36.4152

INTRODUCTION
Sorafenib, an oral multikinase inhibitor, has been
considered the standard of care for patients with
advanced unresectable hepatocellular carcinoma (HCC)
[1]
since 2007 . It works by inhibiting the activity of
several tyrosine kinases involved in tumor angiogenesis
and progression, including vascular endothelial
growth factor receptor (VEGFR-2/3), platelet-derived
growth factor receptor (PDGF-R), Flt3 and c-Kit, and
also targets Raf kinases involved in the MAPK/ERK
[2]
pathway (Figure 1). The molecular mechanisms by
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Table 1 Predictive and/or prognostic value of clinical markers in hepatocellular carcinoma patients
Clinical markers

Predictive value

Prognostic value

Ref.

No

Yes

[6]

Alpha-fetoprotein
Adverse events
Hand-foot skin reaction

No

Yes

[13]

Hypertension

No

Uncertain

[16,19,20]

Diarrhea

No

Yes

[21]

Child-Pugh A vs B

No

Yes

[27-29]

Macroscopic vascular invasion

No

Yes

[6]

BCLC B vs C

No

Yes

[6,29,32]

Starting dose and dose reduction

No

Yes

[29,32]

Etiology HCV vs HBV

Yes

Yes

[6]

Chronic treatment with metformin

No

Yes

[35,36]

Neutrophil-to-lymphocyte ratio

Yes

Yes

[6,41,44]

Extra hepatic spread

Yes

Yes

[6]

HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer; HCV: Hepatitis C virus; HBV: Hepatitis B virus.

Ang1

PDGF-b

Ang2

Tie2

VEGF

Flt3

c-KIT

VEGFR

PDGFR

Flt3 ligand

SCF

Endothelial cell

Ras
PI3K

P

Raf-1

Akt/PkB
P

eNOS
P

NO

MEK

ERK
Angiogenesis
Proliferation/migration
Survival
Metastasis

Endothelial cell survival

Sorafenib inhibition

Nucleus

Figure 1 Sorafenib pathaway and the main molecular factors. Ang: Angiopoietin; Tie2: Tyrosine-protein kinase receptor; PDGFR: Platelet-derived growth factor
receptors; VEGFR: Vascular endothelial growth factor receptor; SCF: Stem cell factor; PI3K: PhosphatidylInositol 3-Kinase; Akt/PKB: Protein-chinasi B; eNOS:
Endothelial nitric oxide synthase; NO: Nitric oxide; P: Phospho-; MEK: Mitogen-activated protein kinase kinase; ERK: Extracellular signal–regulated kinase.
[11]

respectively). Conversely, Nakazawa et al
observe such an association.

did not

correlation between HSFR and outcome. They showed,
in a small series of patients treated with sorafenib, that
patients with HSFR had a significantly higher disease
control rate with respect to patients without HSFR.
This data was confirmed in a prospective study of
[13]
147 patients by Reig et al . They reported different
OS when patients were subdivided according to the
presence or not of skin toxicity during the first 60 d of
[13]
treatment (18.2 mo vs 10.1 mo, respectively)
. A

Adverse events

The main AEs of Sorafenib are hand-foot skin reaction
(HFSR), hypertension and diarrhea. Several papers
have highlighted a consistent correlation between AEs
and survival in patients treated with Sorafenib.
[12]
Vincenzi et al
evaluated for the first time the
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Table 2 Predictive and/or prognostic value of biological markers in hepatocellular carcinoma patients
Biological markers

Predictive value

Prognostic value

Ref.

VEGF-A

No

Uncertain

[4,57]

Ang-2

No

Yes

[4]

IGF-1

No

No

[55]

VEGF-A rs2010963

No

Yes

[65]

VEGF-C rs4604006

No

Yes

[65]

eNOS (eNOS-786/eNOS VNTR)

No

Yes

[66]

Ang-2 rs55633437

No

Yes

[67]

HIF-1 alpha rs12434438

No

Yes

[68]

VEGF

No

Uncertain

[70]

FGF3/FGF4

No

Uncertain

[71]

miR-425-3p

No

Yes

[74]

miR-224

No

Yes

[75]

miR-181a-5p

No

Yes

[77]

miR-339-5p

No

Yes

[77]

miR-423-5p

No

Yes

[78]

miR-10b-3p

No

Yes

[79]

miR-221

No

Uncertain

[76]

Serum and plasma proteins

Single nucleotide polymorphisms

Amplifications

miRNAs

Tissue biomarker expression
Phospho-ERK

Uncertain

Uncertain

[81,82]

PDGFR-b

No

Yes

[84]

c-Met

No

No

[84]

VEGFR

No

No

[84]

p-c-Jun

No

Yes

[85]

Ang-2: Angiopoietin-2; IGF-1: Insulin-like growth factor-1; VEGF-A: Vascular endothelial growth factor A; HIF-1: Hypoxia-inducible factor 1; FGF:
Fibroblast growth factor; miRNAs: MicroRNAs; eNOS: Endothelial nitric oxide synthase; PDGFR: Platelet-derived growth factor receptors; VEGFR:
Vascular endothelial growth factor receptor; ERK: Extracellular signal–regulated kinase.

recently meta-analysis confirmed that HSFR was a good
indicator of outcome for OS and TTP in HCC patients
[14]
receiving sorafenib
Hypertension (HTN) is frequently associated with
[15]
the use of angiogenesis inhibitors . Casadei Gardini
[16]
et al
showed that early HTN (15 d after the start
of treatment) rather than later onset HTN vs patients
without HTN was associated with better PFS (6.0 mo
vs 2.5 mo; P < 0.001) and OS (14.6 mo vs 3.9 mo;
P = 0.003). This finding has been confirmed in some
[17,18]
[19,20]
studies
but not in others
.
[21]
Bettinger et al
reported for the first time that
diarrhea was an independent positive prognostic factor
(HR = 0.41; P = 0.001) in 112 patients with advanced
[22]
HCC, a finding also confirmed by Koschny et al .
Finally, other authors showed that the number of
AEs was associated with predict survival in patients
[23]
treated with sorafenib. In particular, Di Costanzo et al
evaluated the potential of pretreatment clinical variables
to predict survival. Three groups of patients were taken
into account: patients without AEs (group 0), patients
with one AE (group 1) and patients with two to three
AEs (group 2). The study reported a strong correlation
between this classification and disease progression at
3 mo (41.9%, 25.9% and 12.7% of patients in groups
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0, 1 and 2, respectively; P = 0.014). These data were
[24]
subsequently confirmed in the validation cohort .
[25]
A recent meta-analysis by Abdel-Rahman et al
revealed an association between specific side-effects
(hypertension, HFSR and diarrhea) and patient outcome
(HR = 0.38; 95%CI: 0.30-0.48; P < 0.00001).

Stage, liver functionality and etiology

[4]

Child-Pugh A vs Child-Pugh B: In the SHARP trial
[26]
and the Asia Pacific trial , more than 95% of patients
were classified as having Child-Pugh A cirrhosis, thus
preventing the investigation of the potential benefits of
sorafenib in Child-Pugh B patients.
[27]
Hollebecque et al
reported for the first time the
results from a prospective study on sorafenib efficacy
in 120 advanced HCC patients, 20 of whom Child-Pugh
B cirrhosis. OS was 11.1 mo, with a significantly longer
median survival in Child-Pugh A patients than ChildPugh B patients (13 mo vs 4.5 mo, P = 0.0008). A few
[28]
years later, Pressiani et al
studied clinical outcome
in a population of 300 consecutive patients; PFS in the
Child-Pugh A group was 4.3 mo vs 2.1 mo in the ChildPugh B arm (HR = 3.23; 95%CI: 2.38-4.39; P < 0.001),
TTP was 4.2 mo vs 3.8 mo and OS was 10.0 mo vs 3.8
mo, respectively (P < 0.001).
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[4]

The most important work on the use of sorafenib in
Child-Pugh subgroups was the GIDEON study published
[29]
in 2016 . This study observed that median OS was
significantly longer in patients with Child-Pugh A (13.6
mo) than in those with Child Pugh B (5.2 mo) or ChildPugh C (2.6 mo).

study , the HR for OS was 0.76 in HBV-positive
patients (95%CI: 0.38-1.50, P = not significant) and
0.50 (95%CI: 0.32-0.77) in HCV-positive patients.
Results were similar for TTP (HR = 1.03 and 0.43 for
HBV-positive and HCV-positive patients, respectively).
Similar data were obtained for HBV-positive HCC
patients in the phase III randomized Asia Pacific trial,
i.e. the HR for OS was 0.74 (95%CI: 0.51-1.06,
not significant) with respect to patients with the
other etiology, for which the HR was 0.57 (95%CI:
[26]
[6]
0.29-1.33) . Bruix et al ’s pooled analysis of the
SHARP/Asia Pacific trial results showed that the absence
of HCV was a potential prognostic factor for poorer
OS (HR = 0.7, P = 0.02). The same authors revealed
that HBV-positive patients did not show a significant
difference in treatment response with respect to their
HBV-negative counterparts (HR = 0.78; 95%CI:
0.57-1.06) and OS (HR = 1.128, P = 0.4538). We
believe that the 2 etiologic groups respond differently to
sorafenib and that further investigation is warranted in
[33]
specific studies .

Macroscopic vascular invasion: It is widely
acknowledged that the presence of macroscopic
[26,30]
vascular invasion leads to a poorer prognosis
. The
[31]
meta-analysis by Peng et al confirmed its prognostic
[6]
value and the pooled analysis by Bruix et al affirmed
the importance of macroscopic vascular invasion as a
predictor of survival but not of response to treatment.
BCLC stage: In the SHARP trial, patients with
Barcelona Clinic Liver Cancer (BCLC) B had a median
OS of 14.5 mo compared to 9.7 mo for those with BCLC
[4]
[32]
[29]
C . Later, SOFIA
and GIDEON study
confirmed
[32]
this data. In the SOFIA trial
the OS was 8.4 mo in
BCLC C vs 20.6 mo in BCLC B patients (P < 0.0001),
but the time to radiologic progression did not differ
signiﬁcantly between the 2 groups. In the GIDEON
[29]
study , median OS according to BCLC by Child-Pugh
cross-classification followed a similar trend, i.e. patients
with Child-Pugh A and BCLC stage B showed longer OS
than those with Child-Pugh B and BCLC B (19.5 mo vs
10.0 mo); and patients with Child-Pugh A and BCLC
stage C had longer OS than those with Child-Pugh B
and BCLC stage C (11.2 mo vs 3.8 mo).
[6]
Recently, Bruix et al ’s pooled analysis confirmed
that BCLC C patients had a poorer prognosis than those
with BCLC B HCC (HR = 1.59; P = 0.02).

Metformin treatment: Type 2 diabetes is a significant
risk factor for the development of malignancies, including
[34]
[35]
HCC . Casadei Gardini et al
published findings
of reduced sorafenib efficacy in HCC patients treated
chronically with or without metformin for type II diabetes
mellitus (PFS 2.6 mo vs 5.0 mo, respectively; and OS
10.4 mo vs 15.1 mo, respectively). The same authors
validated these data in a series of more than 250
[36]
cases , also highlighting a possible role of sirtuin-3 in
[37]
[38]
resistance to sorafenib . Di Costanzo et al
recently
reported an increase in TTP and OS in diabetic with
respect to non-diabetic HCC patients. However, no
distinction was made between the different hypoglycemic
therapies administered.

Sorafenib starting dose and dose escalation/
reduction: The two most important studies that
evaluated sorafenib starting dose and dose escalation/
[32]
[29]
reduction are SOFIA and GIDEON trial .
[32]
In the SOFIA trial
sorafenib was down-dosed
in 161 (54%) patients because of AEs (133 patients,
83%) and a reduction in liver function (28 patients,
17%). Median OS of the 77 patients receiving a halfdose of sorafenib for 70% of the treatment period was
21.6 mo (95%CI: 13.6-29.6) compared with 9.6 mo
(95%CI: 6.9-12.3) for the remaining 219 patients who
had a dose reduction for < 70% of the treatment period
or who maintained the full dosage.
[29]
A sub-analysis of the GIDEON study
evaluated
the starting dose of sorafenib with respect to clinical
outcome and toxicity. Patients starting on 400 mg/
d were slightly older, had baseline characteristics
indicative of greater disease progression and had a
higher incidence of AEs than those with a starting dose
of 800 mg/d (96% vs 88%). Treatment duration (18.0
wk vs 13.0 wk) and median OS (12.1 mo vs 9.4 mo)
were longer in patients receiving 800 mg/d.

Immune inflammation indicators

Systemic inflammatory responses have been shown to
reflect the promotion of angiogenesis, DNA damage and
[39]
tumor invasion through an upregulation of cytokines .
Previous research revealed that lymphocytes play a
crucial role in tumor defense by inducing cytotoxic
cell death and inhibiting tumor cell proliferation and
[40]
migration . Consequently, several inflammation and
immune-based prognostic scores, such as lymphocyte
count, neutrophil-lymphocyte ratio (NLR), and systemic
immune-inflammation index (SII), have been developed
to predict survival and recurrence in cancers, including
[41]
HCC. Casadei Gardini et al
evaluated for the first
time SII, NLR and platelet-lymphocyte ratio (PLR) in a
small case series, observing that SII were independent
prognostic factors for OS. Other studies showed that
NLR was a significant independent risk factor for shorter
[42,43]
survival
. NLR was also found to be an independent
prognostic factor for both response and survival in Bruix
[6]
[44]
et al ’s pooled analysis and Lue et al ’s retrospective

Etiology: In the subgroup analysis of the SHARP
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study on Spanish patients.

in advanced HCC patients (30.9 mo vs 14.4 mo; P =
0.038).

IMAGING EXAMINATIONS

Ang-2: In the presence of VEGF, Ang-2 destabilizes
blood vessels, promotes vascular sprouting, and is
associated with an invasive and metastatic cancer
[59]
[4]
phenotype . Llovet et al demonstrated that high
baseline Ang-2 levels were correlated with more
aggressive disease (HR = 1.58, 95%CI: 1.20-2.07, P =
0.001). Moreover, levels of the protein increased during
treatment in the placebo group, suggestive of poor
outcome related to disease progression in this cohort,
whereas they remained constant during treatment
with sorafenib, reflecting the generally more favorable
outcome of this group. Overall increased Ang-2
expression levels were associated with poorer outcome
in both groups, suggesting that this marker could be
useful in monitoring treatment response. In agreement
[57]
with Llovet’s study, Miyahara et al reported that high
baseline Ang-2 serum levels were associated with poor
outcome in advanced HCC patients receiving sorafenib
(HR = 2.51, 95%CI: 1.01-6.57, P = 0.048). Although
these results indicate the potential prognostic value
of Ang-2 in HCC, its role in predicting response to
sorafenib remains to be verified.

The response to sorafenib does not correlate with a
change in lesion dimension, but it is more correlate
with intralesional vascularization. For this reason, the
[45,46]
RECIST criteria
usually used for tumor response
evaluation is inappropriate to evaluate the response
to sorafenib in patients with advanced HCC. The
modified RECIST (mRECIST) appear more indicate for
evalutation the response. They include vascularization
and tumor arterial enhancement changes of the target
lesion on computed tomographic (CT). Several studies
have demonstrated the superiority of the mRECIST
criteria with respect to the RECIST criteria in assessing
[47]
the response to treatment with sorafenib . Various
functional imaging tools were proposed to evaluate the
antiangiogenic effects, but none of these has entered
[48-52]
normal clinical practice
. Finally, a recently study
showed that texture features on pretreatment contrast
material-enhanced CT images can help predict OS and
[53]
TTP in these patients .

BIOLOGICAL PARAMETERS
Serum and plasma proteins

[55]

IGF-1: Shao et al
found that high-pretreatment
serum levels of IGF-1 were associated with a better
DCR and improved PFS and OS in patients undergoing
antiangiogenic therapy. Although the study did not have
a control arm, the substantial significant difference
in DCR between patients with high and low levels of
IGF-1 (71% vs 39%) denotes the potential usefulness
of IGF-1 as a predictive biomarker of response to
antiangiogenic therapy.

Although plasma biomarkers are the best candidates
for evaluating sorafenib efficacy, only the SHARP trial
[4]
produced results with borderline significance . Baseline
angiopoietin-2 (Ang-2) and vascular endothelial
growth factor-A (VEGF-A) plasma levels independently
predicted survival in both the entire patient popula
tion and the placebo cohort. Conversely, none of the
tested biomarkers significantly predicted response to
[4]
sorafenib . Insulin-like growth factor (IGF)-1 levels
have been found to decrease in patients with cirrhosis
[54]
of the liver or HCC , and high pretreatment levels
of IGF-1 predict better PFS and OS in advanced HCC
[55]
patients receiving first-line antiangiogenic therapy .
The role of serum cytokines as biomarkers for the
prediction of sorafenib responses is interesting, in
[56]
particular Kim et al developed a new prediction model
for sorafenib response that combines relevant serum
markers, tumor related factors, and cirrhosis-related
factors in a scoring system.

Multiple-factor analyses: By using baseline serum
basic fibroblast growth factor (bFGF) and hepatocyte
growth factor (HGF) levels as covariates together
etiology (B-viral), platelet count, BCLC stage and protein
[56]
induced by vitamin K absence-II, Kim et al
reported
that a total score of < 6 could be a relevant cutoff value
for selecting patients who are most likely to benefit
[60]
from sorafenib therapy. Moreover, Hayashi et al found
that serum interleukin (IL)-5, IL-8, CXCL9, PDGF-BB,
TGF-α, and VEGF-A were elevated in the long survivors
group among HCC patients who received sorafenib,
potentially reflecting the activation of stromal signaling
in the tumor microenvironment.

[4]

VEGF-A: Llovet et al showed that, although baseline
plasma VEGF-A concentrations did not exhibit a
predictive value, low plasma VEGF-A was associated
with improved prognosis (HR = 1.48, 95%CI: 1.08-2.03,
P = 0.015). However, other authors did not find any
association between VEGF-A and prognosis in patients
[57]
[58]
treated with sorafenib . Tsuchiya et al ’s analysis of
plasma VEGF concentrations during sorafenib treatment
revealed that a decrease in the protein 8 wk after
the start of therapy predicted better overall survival
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Genetic markers

Molecular and genomic analyses from tumor and
non-tumor tissue have proven useful in evaluating
prognosis and could open up new avenues for tailoring
[61]
treatment . Genetic alterations, such as single
nucleotide polymorphisms (SNPs) in genes encoding
for proteins involved in the angiogenic process,
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have been studied as potential biomarkers for antiangiogenic therapy. SNP evaluation would seem to be
more advantageous than protein or gene expression
analyses as it can be performed at any time during the
course of the disease, is not substantially influenced by
laboratory biases, and is relatively inexpensive. Some
authors have focused on molecular profiling in formalinfixed paraffin-embedded (FFPE) samples, comparing
the mutation profiles of HCC biopsy samples and the
[62]
response to sorafenib treatment . Gene amplification,
gene mutations and expression profiling of tumors have
now become a research priority and are expected to lead
[63,64]
to personalized treatment for HCC patients
.

The authors found that HCC patients with tumor
VEGF-A amplification showed markedly better survival
than those with non-amplified tumors, highlighting
that VEGFA amplification is a potential biomarker of
[70]
response to VEGF-A-blocking drugs in HCC . Arao
[71]
et al
observed that FGF3/FGF4 amplification and
multiple lung metastases were frequently observed in
responders to sorafenib, although the sample size was
relatively small.
[62]
Sakai et al used targeted DNA and RNA sequencing
in FFPE specimens from fine-needle biopsy to identify
candidate biomarkers of response to sorafenib in 46 HCC
patients. A significant difference was observed in the
number of oncogene mutations between progressing
and non-progressing patients (P = 0.045), suggesting
that tumor mutational burden may be predictive of
sorafenib effectiveness. Tumor gene expression of NRG1,
TGFa, and PECAM1 would also seem to be a marker of
treatment response and PFS.

SNPs: Specific SNPs in VEGF and VEGFR genes have
been found to be correlated with PFS and OS in HCC
patients treated with sorafenib. In multivariate analysis,
VEGF-A rs2010963 and VEGF-C rs4604006 were
found to be independent factors influencing outcome
in terms of PFS (HR = 0.25, 95%CI: 0.19-1.02, P
= 0.0376 and HR = 0.22, 95%CI: 0.14-0.81, P =
0.004, respectively) and OS (HR = 0.28, 95%CI:
0.23-0.96, P = 0.02 and HR = 0.25, 95%CI: 0.17-0.99,
[65]
P = 0.04, respectively) . In the Italian multicenter,
retrospective ePHAS [endothelial nitric oxide synthase
(eNOS) polymorphisms in HCC and sorafenib] study,
eNOS polymorphisms were analyzed in relation to
PFS and OS. In univariate analysis, training cohort
patients homozygous for eNOS haplotype (HT1:T-4b at
eNOS-786/eNOS VNTR) showed a lower median PFS
(2.6 mo vs 5.8 mo, HR = 5.43, 95%CI: 2.46-11.98,
P < 0.0001) and OS (3.2 mo vs 14.6 mo, HR = 2.35,
95%CI: 1.12-4.91, P = 0.024) than those with other
haplotypes. These results were confirmed in a validation
set and multivariate analysis further substantiated
this haplotype as the only independent prognostic
[66]
factor . More recently, evidence emerged that patients
homozygous for ANGPT2 (Ang2 gene) rs55633437
GG genotype showed significantly longer PFS (P <
0.001) and OS (P < 0.001) than those with the other
[67]
genotypes (GT+TT) .
[68]
In the ALICE-2 study, Faloppi et al
investigated
the role of hypoxia-inducible factor 1-alpha (HIF-1α)
[65]
SNPs, confirming the results of the ALICE-1 study . In
multivariate analysis, rs12434438 of HIF-1α, rs2010963
of VEGF-A and rs4604006 of VEGF-C were confirmed as
independent factors and may help to identify patients
[68]
who are more likely to respond to sorafenib . The
prospective INNOVATE study is ongoing to validate the
role of VEGF, eNOS, Ang-2 and HIF-1α SNPs in relation
to clinical outcome in advanced HCC patients treated
[69]
with sorafenib (NCT02786342) .

ΜicroRNAs

MicroRNAs (miRNAs) affect drug response directly or
indirectly by regulating the expression of genes involved
in drug transportation, metabolism, and downstream
signaling pathways. The deregulation of various miRNAs
has been reported in in vitro, in vivo and population
[72,73]
studies
, confirming its correlation with response to
sorafenib. Some authors have evaluated the predictive
[74,75]
role of miRNA expression in HCC tissue
, while
others have studied circulating miRNA levels prior to
[76]
sorafenib treatment . To date, the most interesting
[74]
[75]
tissue miRNAs are miR-425-3p
and miR-224 .
High levels of miR-425-3p have been associated with
longer TTP and PFS (HR = 0.4, 95%CI: 0.2-0.7, P =
0.0008 and HR = 0.5, 95%CI: 0.3-0.9, P = 0.007,
respectively), and elevated miR-224 expression have
been correlated with increased PFS and OS (HR = 0.28,
95%CI: 0.09-0.92, P = 0.029 and HR = 0.0.24, 95%CI:
0.07-0.79, P = 0.012, respectively). Circulating miRNAs
have also been studied in the serum of HCC patients
to predict early response to sorafenib treatment, with
miR-181a-5p and miR-339-5p associated with partial
[77]
response and disease progression , miR-423-5p with
[78]
stable disease or partial response
and miR-10b-3p
[79]
with shorter survival .
Another potentially interesting circulating miRNA is
[76]
miR-221, which was studied by Fornari et al
in both
animal models and in a patient population. Patients with
radiologic disease progression after 2-mo treatment had
higher pretreatment miR-221 levels than responders (P
= 0.007).
Larger confirmatory studies are needed before
miRNAs can be considered valid biomarkers for clinical
practice.

Gene amplification, gene mutations and RNA
expression: A relation between VEGF-A gene
amplification and response to sorafenib was observed
[70]
in a study performed on a mouse model of HCC .
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3

that may be very specific to the disease of interest .
In a phase II study of sorafenib in advanced HCC,
[81]
Abou-Alfa et al
showed that patients whose tumors
expressed higher baseline phospho-ERK levels had a
longer TTP. However, other studies reported conflicting
[82,83]
results
. With regard to the expression of angiogenic
markers in tumor tissue, it has been observed that high
platelet-derived growth factor receptor beta expression
is correlated with poor OS but not with PFS in HCC
patients receiving sorafenib. High expression of the
proto-oncogene c-Met may predict the therapeutic
effectiveness of sorafenib in HCC patients, but no
differences in terms of outcome have been seen with
[84]
[85]
respect to VEGFR-2 expression . Hagiwara et al
studied another interesting tissue biomarker, phosphoc-Jun, reporting a significantly higher expression (P
< 0.001) in non-responding compared to responding
patients treated with sorafenib.

4

5
6

7

CONCLUSION

8

After 10 years of research into sorafenib, there are
still no validated prognostic or predictive markers of
response to sorafenib in hepatocellular carcinoma.
Furthermore, the main results obtained to date come
from 2 important randomized trials and from different
subanalyses and pooled analyses rather than from
normal clinical practice. The fact of there being only one
drug for the treatment of these patients has certainly
done nothing to stimulate research into identifying
and validating predictors of response and prognosis.
However, given the recent publication of a positive
[86]
phase III trial
and the ongoing NCT01658878
immunotherapy study, the race is now on to see who
will be the first to identify a prognostic and predictive
factor for sorafenib and/or new drugs in this setting. In
conclusion, the use of metabolomic profiling and whole
genome analysis to examine the association between
patient outcome and response to sorafenib could
become alternative approaches to the search for new
biomarkers in HCC.
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Abstract

Supported by National Science Center in Poland, No. 2015/17/
B/NZ7/03043.

AIM
To determine tissue expression (mRNA, protein) of two
types of mucins [mucin 1 (MUC1) and mucin 2 (MUC2)] in
patients with colorectal cancer (CRC).

Institutional review board statement: This study was approved
by Committee on Bioethics of Poznan University of Medical
Sciences, No. 924/14.

METHODS
Expression of membrane-bound mucin (MUC1) and sec
retory mucin (MUC2) in CRC (mRNA, protein) were ana
lyzed in tissue material including fragments of tumors

Conflict-of-interest statement: The authors have no conflicts
of interest, including no conflicts concerning employment,
consultancies, stock ownership, honoraria, paid expert testimonies,
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obtained from CRC patients (n = 34), and fragments of
normal colorectal tissue from the same patients (control).
The analysis was conducted using real-time quantitative
polymerase chain reaction (RT-qPCR) (transcripts), im
munohistochemistry (IHC) (apomucins), and the modern
approach for morphometric analysis of IHC reaction (HSV
filter software). Results on tissue expression of both mu
cins (mRNA, protein) were compared to histological alte
rations in colorectal cancer samples and correlated with se
lected clinical data in the patients. The statistical analysis
was conducted using Statistica PL v. 12.0 software.

Jaros A, Cofta S, Szaflarski W. Differential expression of mucin
1 and mucin 2 in colorectal cancer. World J Gastroenterol 2018;
24(36): 4164-4177 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i36/4164.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i36.4164

INTRODUCTION
Colorectal cancer (CRC) is diagnosed in more than 1.3
million people worldwide, annually, with the number
steadily increasing. Currently globally, this cancer is
the third most common cancer in men and second
[1]
most common in women . In Poland CRC is the se
cond most common cancer in men and woman, with
the third leading causes of cancer deaths in Greater
[2]
Poland Region . While genetic factors play a major
role in etiopathogenesis of CRC, the basis of most the
cases of that cancer is unclear. Considering mutation
source, CRC is classified as sporadic (70%), hereditary
[1,3]
(25%) and congenital (3%-5%) . Among the main
pathologic alterations in CRC are quantitative and
[4-6]
qualitative changes in glycoproteins called mucins .
Qualitative alterations of mucins include carbohydrate
[4,7-9]
groups, as well as apomucin molecules
. The ma
jority of CRC are nonmucinous adenocarcinomas (ap
proximately 80%). A mucinous adenocarcinoma is a
histological subtype of CRC with poorer prognosis than
aforementioned. Quantitative changes identified in non
mucinous adenocarcinomas concern a reduction in total
mucus output. In contrast, mucinous carcinomas are
[4]
hypersecretory for mucus .
According to modern proteomics, the secreted
mucin, mucin 2 (MUC2) is the main constituent of in
testinal mucus, produced mainly by the goblet cells
of the small and large intestine and playing a critical
[4,10-12]
protective role
. Membrane-associated mucin 1
(MUC1) (episialin), in contrast, is widely expressed by
normal glandular epithelial cells, with its high expression
[4,6]
in malignant cells . Structural changes of the MUC1,
observed in the course of carcinogenesis, lead to the
activation of signaling pathways such as: MAPK, PI3K/
[6,13]
Akt, and Wnt
. In the blood serum of cancer patients,
the MUC1-N subunits, CA 15.3 and CA 19.9 antigens can
be detected, while the MUC1 itself was second among
[6]
the top 75 Tumor-Associated antigens .
In the carcinogenesis initiation and CRC progression,
overexpression of MUC1 and the decline in MUC2
[14-20]
expression is most commonly described
. These
[21-23]
observations are also confirmed by meta-analysis
.
However, knowledge of the role of tissue mucins ex
pression, at various stages of the colon carcinogenesis is
incomplete. Poorly known is the prognostic role of mucins
in the mucinous subtypes of CRC, which generally have
a worse clinical course and a worse response to chemo
[24,25]
therapy
. Sporadic mucinous CRC had a worse
[26]
survival rate than its nonmucinous counterpart , and
mucinous differentiation results in a 2%-8% increased
hazard of death, which persists after correction for

RESULTS
Significantly higher expression of the MUC1 mRNA in the
CRC, compared with the control and the borderline cor
relation of mRNA expression with MUC1 protein levels
in colorectal samples was observed. The expression of
apomucins concerned cell membranes (MUC1) and cyto
plasm (MUC2) and occurred both in control tissues and
in most cancerous samples. There were no significant
relationships between MUC1 (mRNA, protein) and the clini
copathological data of patients. MUC2 protein expression
was significantly lower as compared to the control, while
MUC2 mRNA expression was comparable in both groups.
The MUC1/MUC2 ratio was significantly higher in CRC
tissues than in the control. The higher expression of
MUC2 was a feature of mucinous CRC subtypes, and cha
racterized higher histological stage of tumors. Negative
correlations have been obtained between MUC2 and the
Ki-67 antigen, as well as between MUC2 and p53 protein
expressions in CRC.
CONCLUSION
A combination of tissue overexpression of MUC1, re
duced MUC2 expression, and high ratio of MUC1/MUC2
is a factor of poor prognosis in CRC patients. MUC2
tissue expression allows to differentiate mucinous and
nonmucinous CRC subtypes.
Key words: Mucins; Real-time quantitative polymerase
chain reaction; Colorectal cancer; Immunohistochemistry;
HSV filter program
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancers (CRC) represent the second
most widely manifested malignant tumor worldwide in
women and third in men. The evident expression of two
mucins [mucin 1 (MUC1) and mucin 2 (MUC2)] occurs
in a normal and cancerous large intestine. Using RTqPCR analysis and immunohistochemistry we confirmed
higher expression of the MUC1 mRNA, lower MUC2
protein, and higher MUC1/MUC2 expression ratio in CRC
samples as compared to the control. MUC2 protein ex
pression correlates with increased cellular proliferation. A
combination of tissue overexpression of MUC1, reduced
MUC2 expression, and high ratio of MUC1/MUC2 may be
a useful factor of poor prognosis in CRC patients.
Kasprzak A, Siodła E, Andrzejewska M, Szmeja J, Seraszek-
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[27]

stage . Unlike the nonmucinous CRC, the mucinous
subtype is correlated with higher MUC2 and lower MUC1
[4,21,24,28]
expression
. Research into the role of mucins
in pathogenesis and CRC clinical studies (especially
in mucinous subtypes) are also current topics from a
methodological point of view. The lack of standardized
methods of quantitative evaluation of mucins expression
(especially at tissue level) and/or frequent lack of
control groups, are a great difficulty in comparative ana
[15,29,30]
lysis
.
The goal of the present work was the verification
of the hypothesis, that the examination of the tissue
expression of selected mucins (mRNA, protein), using
modern methods of quantitative assessment [real-time
quantitative polymerase chain reaction (RT-qPCR), HSV
filter software], could improve the diagnostic/prognostic
usefulness of these markers of CRC. The specific aim
of the study was to evaluate tissue expression (mRNA,
protein) of two mucins (MUC1 and MUC2) in patients
with colorectal carcinoma, and to assess the relationship
between tissue expression of mucins and selected
clinicopathological data.

colorectal cancer and the establishing diagnosis (October
1, 2010), and October 1, 2015.
Locations of the colorectal tumors were divided into
proximal (right) colon (caecum, ascending, transverse
colon) and distal (left) colon (descending, sigmoid
colon and rectum). Macroscopic types were divided into
protruded type (height of tumor ≥ 3 mm) and flat type
(height of tumor < 3 mm).
Thirty-four paired specimens of colorectal tumor
and non-tumor tissues were obtained during surgical
treatment. For the CRC, colon mucosa and, depending
on the depth of tumor invasion, submucosal layers appro
ximately 15 cm from the tumor site, served as control
tissues. In no case was tissue additional to that which
would be removed normally during a particular surgical
procedure.
The tissue samples were stored in RNA Stabilization
Solution (RNAlater®, Applied Biosystems) at -80 ℃ until
use. Additionally, formalin-fixed paraffin-embedded
tumor specimens of 34 colorectal carcinomas and frag
ments of the confirmed control specimens were obtained
from patients.
Informed consent was obtained from every subject,
and the institutional review committee approved this
study (No. 924/14).

MATERIALS AND METHODS
Patients and tissue samples

RT-qPCR

The examined CRC group included 34 patients (27 men,
7 women) from Greater Poland Region, 32 to 89 years of
age from the Chair and Department of General Surgery,
Endocrinological and Gastroenterological Oncology,
Poznan University of Medical Sciences, who were diag
nosed and subjected to surgery between 2010-2015.
We arbitrarily selected patients with CRC only from the
Greater Poland Region, not treated before (radio- or
chemotherapy), without significant additional systemic
diseases, from whom consent was obtained, the peri
operative tissue material met the requirements for
scientific research and with available clinicopathological
data.
Patients affected by diabetes, active chronic organ
diseases (heart, kidney, liver), including autoimmune
diseases and other cancers, have been excluded from
the study. In three patients, hyperglycemia was observed
in fasting, four patients were in hypertension treatment.
There have been mild premalignant lesions (mainly ade
nomatous colon), that have been surgically removed as
a preventive measure in the past, in 14/34 (41%) of pa
tients.
The available clinical data for the study group, than
was taken into account, included: descriptive histo
pathological diagnosis, histologic grade and stage on
Dukes, Astler and Coller’s modified Dukes’ scales, and
[31,32]
TNM system classification
, age, patient sex and
basic laboratory studies (complete blood count, number
of leukocytes and platelets, as well as glucose levels).
Seven patients (21%) of the entire study group died
during the analysis period. Duration of patient’s survival
reflected the time between the date of operation for

WJG|www.wjgnet.com

CRC tumoral fragments and control tissues from 23
patients were qualified for the experiments that used the
[33]
RT-qPCR technique as previously described .
One microliter of given cDNA or DNA was added to
the reaction mixture, composed of 12.5 μL 2 × Maxima®
SYBR Green/ROX qPCR Master Mix (Fermentas), 1 μL
specific primer pair (f.c. 0.3 μmol/L) and 10.5 μL H2O.
Primers for studies on expression of MUC1 and MUC2
mRNA expression are indicated in Table 1. β-actin,
glycerylaldehyde-3-phosphate dehydrogenase (GADPH),
and hypoxanthine-guanine phosphoribosyltransferase 1
(HPRT1) served as the housekeeping genes (geometric
mean) for the gene expression analysis. All the primers
were purchased from the Laboratory of DNA Sequencing
and Oligonucleotide Synthesis, Institute of Biochemistry
and Biophysics, Polish Academy of Sciences, Warsaw
(Table 1).
The reactions were driven in twin.tec real-time PCR
plates with PCR Film (Eppendorf) using Mastercycler ep2
realplex (Eppendorf). The PCR program was as followed:
(1) Initial denaturation, 95 ℃, 10 min; (2) Denaturation,
95 ℃, 15 s; (3) Annealing, 60 ℃, 30 s; (4) Extension,
72 ℃, 30 s. The number of cycles was 40-50. Melting
curves were made and 2% agarose gel electrophoresis
was used to verify the amplification product specificity
and size, respectively. All samples were amplified in
duplicate or triplicate, and in case when results varied by
more than 15%, the reactions were repeated.
Absolute quantitation method was used to quantify
mRNA copy numbers of MUC1 and MUC2. Absolute
quantification determines the exact copy concentration
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Table 1 Primer sequences used for real-time quantitative polymerase chain reaction analysis
Transcript
MUC1
MUC2
β-actin
GADPH
HRPT1

Sequence (5’-3’ direction)

ENST number
http://www.ensembl.org

Product size

TCCAATATTAAGTTCAGGCCAGGA
CACATCACTCACGCTGACGT
TGAAGACCTGCGGCTGTGT
CAGTCGAACTCGAAGTGCTCC
TCTGGCACCACACCTTCTAC
GATAGCACAGCCTGGATAGC
GAAGGTGAAGGTCGGAGTCA
GACAAGCTTCCCGTTCTCAG
CTGAGGATTTGGAAAGGGTG
AATCCAGCAGGTCAGCAAAC

00000185499.16

768 bp

00000198788.8

3108 bp

00000298556

169 bp

00000229239

199 bp

00000298556

156 bp

of a target gene by relating the Ct value to a standard
curve. Prior to absolute quantification, the Ct values were
normalized by comparison to the average of Ct’s obtained
for three housekeeping genes (β-actin, GAPDH, and
HPRT1).
Evaluation of alterations in expression of MUC1 and
MUC2 mRNA, involved a comparison of mRNA copy
numbers for those mucins per microgram of RNA, be
tween the tumor and control samples from the same
patient.

least 10 fields in every microscope slide with an IHC posi
tive reaction), with the use of LUCIA Image 5.0 computer
software.

Semiquantitative evaluation of Ki-67 antigen and p53
expression

Expression of Ki-67 antigen and p53 (only clearly labelled
cell nuclei were considered), was calculated, taking mean
proportion of immunopositive cells in 10 light microscope
fields into account. Expression was evaluated using the
[35]
modified semi-quantitative scale , in which the score of
1 corresponded to up to 10% positive cells; the scores of
2, 3 and 4 corresponded to 11%-25%, 26%-50% and ≥
51% positive cells, respectively.

Immunocytochemistry

Tissue sections, 5 μm thick, were deposited onto
SuperFrost/Plus microscope slides. In order to qualify the
material for the study, routine staining of the sections
with hematoxylin and eosin (HE) was performed. Antihuman mouse monoclonal antibodies (mAbs) specific
for human Ki-67 antigen (clone MIB-1) (Dako Denmark
A/S, Glostrup, Denmark, ready to use), anti-p53 (clone
DO-7) (Dako), as well as the anti-MUC1 (clone Ma552)
TM
and anti-MUC2 (clone Ccp58) (both from Novocastra ,
both in 1:100 dilution) antibodies were used. The
sections were incubated with these primary mAbs th
rough the night, at 4 ℃, and afterwards with dextran
backbone, to which horseradish peroxidase (HRP) was
attached, and with secondary biotinylated link anti-rabbit
™
™
and anti-mouse IgG (Dako REAL EnVision Detection
System peroxidase/DAB+, Rabbit/Mouse, Dako), with
microwave-oven pre-treatment for antigen retrieval.
Positive reaction manifested, in at least three sequential
sections, as a dark brown or black precipitate in the cell
nucleus (Ki-67, p53) and cell membrane/cytoplasm
(MUC1 and MUC2). The preparations were counterstained
using hematoxylin. Every test was accompanied by a
negative control, in which specific antibodies were supple
mented by a normal serum of a respective species in 0.05
mol/L Tris-HCl, pH approximately 7.6, supplemented
with 0.1% bovine serum albumin (BSA) and 15 mmol/L
sodium azide (internal negative control). All the steps of
immunocytochemistry (IHC) technique were previously
[34]
described . Histological slides with IHC expression were
examined under the optical Olympus BH-2 microscope,
coupled to a digital camera. Color microscope images
were recorded and archived using a 40 × objective (at
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Morphometric evaluation of MUC1 and MUC2 tissue
expression

The images with positive IHC reaction, 2560 × 1920
pixels in size, recorded in the LUCIA Image 5.0 software,
were subjected to morphometric analysis, using the
quantitative morphometric HSV Filter software, originally
developed in the Department of Bioinformatics and Com
putational Biology, Poznan University of Medical Sciences,
according to the following formula: (area of positive IHC
reaction/area studied) × 100%.
In the Results section, values of average IHC expres
sion of both mucins were presented, expressed in
percentages, manifested by the IHC reactions per field of
colorectal cancer/control sample area.

Statistical analysis

At the first stage of statistical analysis, consistency of
all of the results with normal distribution of Gauss was
verified using the Shapiro-Wilk test. Parameters of
descriptive statistics (mean value, median value, SD, and
minimum and maximum value) were calculated.
Data related to quantitative mucin expression (mRNA,
protein), in CRC group, were compared with the data
obtained for the control samples of the same patients
(linked variables) with the Wilcoxon test. In cases of
unlinked variables in two groups, the non-parametric
Mann-Whitney’s test was applied. The t-Student test was
applied in case of consistency of the results with normal
Gaussian distribution.
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Table 2 Clinicopathologic features of colorectal carcinoma patients n (%)
CRC (n = 34)

Variable
Age (yr)
Sex
Tumor location

Mucin content
Histologic grade (G)

Gross morphology
Dukes/Astler and Coller stage

TNM classification system

Status

< 50
≥ 50
male
female
Right colon
Left colon
Rectum
Nonmucinous
Mucinous
Carcinoma in situ
Well differentiated (G1)
Moderately differentiated (G2)
Poorly differentiated (G3)
Protruded
Flat
Carcinoma in situ
A/B1
B/B2, B3
C/C1, C2, C3
D
Carcinoma in situ
Ⅰ and Ⅱ
Ⅲ and Ⅳ
Survival
Death

2 (6)
32 (94)
27 (79)
7 (21)
10 (29)
21 (62)
3 (9)
24 (71)
10 (29)
1 (3)
1 (3)
23 (68)
9 (26)
21 (62)
13 (38)
1 (3)
4 (12)
10 (29)
14 (41)
5 (15)
1 (3)
4 (12)
29 (85)
27 (79)
7 (21)

CRC: Colorectal carcinoma.

diagnosed in 10/34 patients.
The histopathological study showed a majority of
moderately differentiated adenocarcinoma of the colon
or rectum [grade 2 (G2)] (68%) compared to other
grades. On a Dukes scale and in its modified form (Astler
and Coller scale), most tumors were assessed at Stage
C/C1-C3. In five patients from the whole Study Group
(15%), there were distant metastases present (all to the
liver). The vast majority of patients (85%) was classified
stage Ⅲ and Ⅳ on the TNM classification system.
The clinicopathological characteristics of CRC patients
were collected in Table 2.

The percentage shares of IHC positivity of both mu
cins were evaluated, using the difference test between
two proportions.
Correlations between data rows were determined
employing Spearman’s rank correlation index. The
Kaplan-Meier survival curves and Log-rank test were
used to compare overall survival rates. The results were
accepted to be significant at the level of P value less
than 0.05. The statistical analysis was conducted using
Statistica PL v. 12.0 software (StatSoft Inc., Tulsa, OK,
United States). The statistical analysis of the study was
performed by biomedical statistician (AS-J). The statistical
method of the study was reviewed by a statistician
(Kaczmarek E) from the Department of Bioinformatics
and Computational Biology, Chair of Pathology, Poznan
University of Medical Science.

MUC1 and MUC2 expression analysis at mRNA level

The expression of the MUC1 and MUC2 transcripts was
present in all control and cancerous tissue samples. Our
study showed that the expression of the MUC1 mRNA
in the CRC tissues (75095 ± 72149 copies/μg RNA) was
significantly higher when compared with the control
tissue (32413 ± 44486 copies/μg RNA) (P = 0.004), and
the expression of MUC2 mRNA was comparable in the
study and control group (350227 ± 529270 vs 219744 ±
324252 copies/μg RNA) (P = 0.274).
The MUC1/MUC2 transcripts ratio in the test group,
although higher (1.56 ± 4.50), did not differ significantly
from the one obtained in the control tissue (0.28 ± 0.40)
(P = 0.128) (Table 3).

RESULTS
Clinicopathological data in CRC patients

Patients over 50 years of age were predominant in the
Study Group (94%). The cancer was primarily located
in the distal part of the colon (left colon) (62%). In 3
patients, the tumor was localized in the rectum. In 21
patients (62%), protruded type of tumor was observed,
while the flat type was seen in 13 patients (38%).
The majority of patients were diagnosed with tubular
adenocarcinoma located in the colon or rectum, and
nonmucinous subtype of CRC (71%) prevailed. Among
these patients one had a mixed-type tumor with the
neuroendocrine component, the other was diagnosed as
adenocarcinoma in situ. Mucinous subtype of CRC was
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MUC1 and MUC2 mRNA expression and pathological
data

No significant differences could be disclosed in the
amount of MUC1 and MUC2 transcripts on one hand and
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Table 3 Tissue expression of mRNA and proteins of both mucins, mucin 1/mucin 2 ratio in colorectal carcinoma and in unaltered
colorectal tissue

MUC1

mRNA
Protein

MUC2

mRNA
Protein

MUC1/MUC2
ratio

mRNA
Protein

Group

Number

Mean

Median

Min

Max

SD

CRC
Control
CRC
Control
CRC
Control
CRC
Control
CRC
Control
CRC
Control

23
23
34
32
23
23
34
32
23
23
34
32

75095
32413
2.57
2.16
350227
219744
4.94
7.40
1.56
0.28
1.84
0.52

49309
20075
1.64
1.72
191457
130691
2.15
5.15
0.25
0.18
0.80
0.37

5648
2
0.33
0.00
2806
1
0.20
0.73
0.06
0.04
0.04
0.00

267473
199681
9.80
6.54
2399156
1509936
32.30
31.60
21.30
2.00
10.35
1.95

72149
44486
2.24
1.64
529270
324252
7.24
6.77
4.50
0.40
2.54
0.51

a

P value
0.004
0.627
0.274
0.035
0.128
0.003

Control: Unaltered colorectal tissue; aP: Comparing colorectal carcinoma and control. MUC1: Mucin 1; MUC2: Mucin 2; SD: Standard deviation; CRC:
Colorectal carcinoma.

CRC subtype (mucinous vs nonmucinous), colon tumor
size, anatomical location of the CRC (proximal vs distal
section of the colon), histologic grade or stage in the
Dukes, or Astler and Coller scale, on the other (data not
shown).
The comparison of the mRNA expression of both
mucins, depending on the parameters in the TNM classifi
cation system was possible only for patients with N0 and
N1, with no significant differences observed in this case
as well (data not shown).

the colorectal tumor (center, periphery).

Quantitative analysis of MUC1 and MUC2
immunoexpression

The mean expression of MUC1 in colorectal tumors
(2.57% ± 2.24 % of IHC reaction) and in the normal
large intestine (2.16% ± 1.64%) was comparable (P
= 0.627). In the case of MUC2, significantly lower ex
pression of this glycoprotein in CRC (4.94% ± 7.24%)
than in the control (7.40% ± 6.77%) has been shown (P
= 0.035) (Table 3).
The MUC1/MUC2 expression ratio was significantly
higher in the CRC tissues (1.84 ± 2.54), than in the
control (0.52 ± 0.51) (P = 0.003) (Table 3).

MUC1 and MUC2 expression at protein level

Using immunohistochemistry, a positive MUC1 immuno
expression was detected in all CRC samples (100%)
and in 29/32 control colorectal samples (91%), thus the
detectability of the positive expression of both mucins
was similar. The immunoexpression of MUC2 was present
in all CRC samples and in all samples of the colorectal
control.

MUC1 and MUC2 immunoexpression and pathological
data

A significantly higher expression of MUC2 in mucinous
CRC (10.97% ± 11.17% of IHC reaction), compared to
the rest of the CRC (2.40% ± 2.00%), was shown (P =
0.018). No such differences were observed with MUC1
expression (Figure 2). No significant differences could
be disclosed in the expression of both mucins from one
hand and tumor size, the anatomical location of the CRC,
histologic grade (G2 vs G3) and in patients with N0 and
N1 in the TNM classification system (data not shown).
In the case of MUC2 expression, significantly higher
expression of this mucins in colorectal tumors in Stage C
was shown (5.54% ± 7.57%), compared with Stage B
(2.12% ± 2.64%) (P = 0.044) (Figure 3). The analysis
of mucins expression in tumors of Stage B2 and C2 on
Astler and Coller scale, confirmed these results, although
only a borderline statistical significance (P = 0.066) was
obtained for MUC2 expression (data not shown).

Tissue localization of MUC1 and MUC2
immunoexpression

MUC1 tissue expression in CRC was pronounced and
related mostly to cell membranes on the apical surface
of the neoplastic cells lining the glandular structures and
in the lumen of altered intestinal crypts (extracellular
mucins fields) (Figure 1A and B). In the control tissue
of large intestine, membranous expression of MUC1
prevailed and was observed mainly on the surface of
normal intestinal crypts (Figure 1C).
In contrast, MUC2 expression was mainly related
to the cytoplasm of neoplastic cells with differentiated
expression of this mucin, from single immunopositive
cells (Figure 1D) to intense reaction in the cytoplasm of
numerous cancer cells and/or localized extracellularly
(Figure 1E). In the normal intestinal mucosa (control),
cytoplasmic expression of MUC2 prevailed and was
observed in normal intestinal crypts (Figure 1F).
No preferred detection sites were observed for both
mucins (MUC1 and MUC2) within the evaluated area of
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MUC1 and MUC2 transcript vs protein expression

High positive Spearman’s correlation was observed in
patients affected by CRC, between mutual expression of
both analyzed mucin transcripts (r = 0.602; P < 0.05),
but not between protein expression itself (r = 0.046)
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A

B

C

D

E

F

Figure 1 Immunohistochemical illustrations of colorectal carcinoma and control colon with mucin 1 and mucin 2 positive expression. A: Representative
IHC expression of MUC1 in luminal surface epithelium (arrow) of tumor-changed colon crypt; B: Membranous and extracellular pattern (arrow) of MUC1 expression in
neoplastic cells lining the glandular structures of CRC; C: Representative image of MUC1 membranous localization in normal colon crypts; D: Cytoplasmic expression
of MUC2 in scattered epithelial cells of the tumor-changed colon crypt (arrow); E: IHC intense reaction of MUC2 expression in the cytoplasm of numerous cancer
cells and/or localized in the lumen of the colon crypts (arrow); F: Cytoplasmic expression of MUC2 in majority of goblet cells in normal colon epithelium. Sections were
counterstained with hematoxylin. Objective × 40. MUC1: Mucin 1; MUC2: Mucin 2; IHC: Immunohistochemical; CRC: Colorectal cancer.

(Table 4). Additionally, in CRC tumor tissues, borderline
positive Spearman’s correlation, between mRNA and pro
tein expression of MUC1 (r = 0.405; P = 0.055). MUC2
didn’t show a statistically significant correlation between
mRNA and protein expression (Table 4).

with thrombocyte numbers in patients affected by CRC (r
= 0.474; P < 0.05) (Table 5).
Mean survival time of patients affected by CRC was
52 ± 3 mo. The Kaplan-Meier analysis shows that neither
MUC1, nor MUC2 apomucins expression were signifi
cantly associated with survival probability in patients with
CRC (Figure 4A and B). Survival curves of 34 patients
with CRC showed that also expression of mRNA for both
mucins in tissue samples was not associated with the
prognosis of CRC (data not shown).

MUC1 and MUC2 expression (mRNA and proteins) and
clinical data

Negative correlation between MUC1 mRNA expression
and the age of patients was observed (r = -0.481; P
< 0.05). Furthermore, positive correlations considered
the expression of both mucins (MUC1 and MUC2) and
the blood leukocyte count (r = 0.465 and r = 0.474
respectively; P < 0.05 in both cases). Additionally, the
expression of MUC1 protein was positively correlated
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Ki-67 proliferating antigen and p53 immunoexpression

The positive expression of Ki-67 proliferating antigen
was detected in 28/34 (82%) of CRC tissue samples.
Additionally, a significantly higher expression of Ki-67 in
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Table 4 Values of Spearman’s coefficient for correlation between both mucins (mRNA, protein) and Ki-67 and/or p53 protein
expressions in colorectal carcinoma samples

MUC1
MUC2
mRNA MUC1
mRNA MUC2
Ki-67
p53

MUC1

MUC2

mRNA MUC1

mRNA MUC2

Ki-67

p53

0.046
0.405a
0.199
0.015
-0.106

0.046
0.457
0.126
-0.4281
-0.3891

0.405a
0.457
0.6021
-0.121
-0.215

0.199
0.126
0.6021
0.033
-0.145

0.015
-0.4281
-0.121
0.033
0.6021

-0.106
-0.3891
-0.215
-0.145
0.6021
-

Indicate values of r coefficient for which P < 0.05; aP = 0.055. MUC1: Mucin 1; MUC2: Mucin 2.

1

Expression (% of reaction)

40

a

20

0

Nonmucinous

Mucinous

Nonmucinous

MUC1

Mucinous
MUC2

Figure 2 Comparative immunoexpression of mucin 1 and mucin 2 in nonmucinous and mucinous subtypes of colorectal carcinoma. Mean ± SD. aP (level
of significance) value < 0.05. MUC1: Mucin 1; MUC2: Mucin 2.
a

Expression (% of reaction)

40
30
20
10
0
-10
B

B2

C

C2

      B

MUC1

B2

    C

C2

MUC2

Figure 3 Tissue expression of mucin 1 and mucin 2 in colorectal carcinoma as related to Dukes and Astler and Coller staging system. Mean ± SD. B, C:
Dukes staging system; B2, C2: Astler and Coller staging system. aP (level of significance) value < 0.05. MUC1: Mucin 1; MUC2: Mucin 2.

CRC as compared with control was demonstrated (P <
0.001) (data not shown).
Only the nuclear location of Ki-67 within different
percentages of immunopositive tumor cells was observed
(Figure 5A and B). The Ki-67 antigen expression in the
control samples was evident mainly in the individual
basally located nuclei of the goblet cells lining the un
altered intestinal crypts (Figure 5C).
Positive expression of p53 was demonstrated in
19/34 (56%) patients. Similar to Ki-67 antigen, only
the nuclear location was observed and, as a rule, a very
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intense IHC reaction concerning the majority of poly
morphic cell nuclei in the evaluated samples (Figure 5D).
44% of CRC patients did not show the presence of the
protein in tumor samples (Figure 5E). In the healthy
colorectal samples (control), p53 expression was not de
tected in any specimen (Figure 5F).

MUC1 and MUC2 expression (mRNA and proteins) vs
Ki-67 and p53 expression

A significant, relatively high, negative Spearman’s cor
relation, between the expression of MUC2 apomucin and
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Table 5 Values of Spearman’s coefficient for correlation between mucins expression (mRNA/protein) in colorectal carcinoma and
selected clinical data

MUC1
MUC2
mRNA MUC1
mRNA MUC2

9

Age (yr)

Hemoglobin (g/dL)

WBC (× 10 /L)

Thrombocytes (g/L)

Glucose (mg/dL)

-0.322
0.053
-0.4811
-0.412

-0.175
-0.123
0.189
-0.098

0.067
-0.097
0.4651
0.4741

0.4741
-0.085
0.203
-0.145

-0.277
-0.346
-0.325
-0.306

1

Indicate values of r coefficient for which P < 0.05. WBC: White blood cell; MUC1: Mucin 1; MUC2: Mucin 2.

A

B

MUC1
100

MUC1

90

1
2

85
80

P = 0.517

Survival probability (%)

Survival probability (%)

95

75

MUC2
100
95
MUC2
1
2

90
85
80

P = 0.582
75

70
0

10

20

30

40

  50

60

0

t /mo

10

20

30

40

  50

60

t /mo

Figure 4 Kaplan-Meier survival curves for colorectal carcinoma patients, as related to tissue expression of mucin 1 and mucin 2 showing that expression
of both mucins in tissue samples are not associated with survival time. A: Kaplan Meier survival curve related to tissue expression of MUC1; B: Kaplan Meier
survival curve related to tissue expression of MUC2. 1: Under mean tissue expression; 2: Above mean tissue expression. MUC1: Mucin 1; MUC2: Mucin 2.

Ki-67 (r = -0.428; P < 0.05) was observed (Figure 6). In
contrast, relatively weak, negative correlation between
MUC2 protein and p53 expression (r = -0.389; P < 0.05),
was shown in CRC tissues (data not shown). Additionally,
a high positive correlation was observed for Ki-67 antigen
and p53 expression in study group (r = 0.603; P < 0.05)
(data not shown).

detectability of MUC1 expression via IHC was
100%, being much higher than those achieved by
[40]
other authors, which note it from below 20% , th
[14,18,41]
[20]
rough 32%-40%
, approximately 55% , to
[29]
70%-80% . According to some publications, MUC1 ex
pression was more commonly detected in CRC patients
with lymph node metastases discovered during surgical
procedures, than those without such metastases (84.2%
[20]
vs 34.6%) , which is not confirmed by the current
study. However, our results are similar to those obtained
in CRC tissue microarrays, in which the authors also
did not observe correlation between MUC1 expression
and histologic grade, stage, vascular invasion, or cancer
[14,30]
[41]
type
. The results of research by Matsuda et al ,
concerning more common expression of MUC1 in CRC
of more severe histologic stages, were not confirmed
[41]
in our studies. However, similarly to the authors , we
have also not found any correlation between MUC1 and
[19]
p53 expression. As in our studies, Kesari et al did not
observe differences in MUC1 expression depending on the
histologic stage, but a higher incidence of expression of
this mucin was described in G2, than in G1 of this cancer
[19]
(55% vs 11%) . The positive relationship between
MUC1 expression and histologic grade and stage can also
be found in other publications, with the appreciation of
this expression as a high risk factor of death in Caucasian
[29,37]
population (HR: 2.03; P = 0.038)
. The co-expression
of MUC1 and p53 was a bad prognostic factor for the
[29]
overall survival (OS) of these patients . Our own

DISCUSSION
Some discrepancies are present between the results
of MUC1 expression detection, in healthy colon and
rectum, with the use of immunohistochemistry. Some
scientific publications, notably the recent ones, document
lack of MUC1 expression in control large intestine in
[18-20]
adults
, or emphasize low detectability (10%) of this
[36]
apomucin .
In this study, positive MUC1 expression (mRNA,
protein) was observed in almost all of the control samples
of large intestinal tissue. These results are coherent with
the findings of other authors, conducted with the use
[37,38]
of light and electron microscopy
. Descriptions of
clear, membranous expression of MUC1, on the luminal
surface of glandular cells of normal colon epithelium,
[39]
are available also in interactive databases . Therefore,
our own research using IHC technique confirms both,
detectability and evident membranous expression of this
mucin, in tissues of healthy large intestine.
In neoplastic CRC tissues collected in this study,
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Figure 5 Immunohistochemical illustrations of colorectal carcinoma and control colon with Ki-67 antigen and p53 expression. A: Representative IHC
expression of Ki-67 proliferating antigen in the majority of tumor cell nuclei; B: An intense nuclear pattern of Ki-67 expression in focally located tumor cells; C:
Representative image of Ki-67 proliferating antigen immunoexpression in the individual basally located nuclei of the goblet cells lining the unaltered intestinal crypts;
D: A pronounced p53 nuclear pattern of IHC reaction in glandular structures of CRC; E: Negative IHC reaction for p53 in tumor of other CRC patient; F: Negative IHC
reaction for p53 in normal colon. Sections were counterstained with hematoxylin. Objective × 40. IHC: Immunohistochemical; CRC: Colorectal cancer.
[20,30,36]

research cannot confirm the above observations, as well
as the results of other authors, where MUC1 expression
was shown to be an independent marker of prognosis
[14]
(HR: 1.339, 95%CI: 1.002-1.790; P = 0.048) . The
lack of dependence between MUC1 expression and
histologic grade or stage, in the current study probably
results from the very homogenous group of patients with
CRC in the range of histologically assessed parameters
[68% with grade 2; 56% with stage C (C1-C3)/D in
Dukes/Astler and Coller scale; 85% with stage Ⅲ and
IV in TNM classification system]. Furthermore, it should
be stressed, that the results of multiple authors are
mainly based on the analysis of the detection (incidence)
of MUC1 expression, rather than a reliable quantitative
[19,29]
assessment
. In several works, MUC1 expression
was admittedly evaluated, using semi-quantitative me
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thods
, but some of them did not have control
[14,19,30]
groups
. There are publications that intensify the
IHC reaction, and introduce the division into the so-called
high, low and negative MUC1 expression, occurring in
a different percentage of patients (12%, 52%, 36%,
[30]
respectively) . Hence, the overexpression of the MUC1
protein was observed in varying percentages in different
[30]
[19]
patients, from 12% to approximately 40% .
Most of the cited researchers, in their studies, used
monoclonal, primary Ma695 antibody (Novocastra), in
[18,19,30,40]
1:100 dilution
. In the current study, antibodies
from the same company have been used, also in 1:100 di
lution. However, we have chosen another clone (Ma552).
Furthermore, the use of a reliable, repeatable method
of quantitative evaluation of IHC expression (HSV filter
program), may explain the discrepancies obtained in the
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monstrated in the present work, confirms previous
observations in the healthy and cancer-altered large
[39,46,47]
intestine
. We have described similar amounts of
MUC2 mRNA in CRC and control, but a lower expression
of the MUC2 protein in patients with CRC, compared
to control. Confronting this with literature, the results
of the IHC study are consistent with those obtained
[14-20,29,41,43,48]
by many researchers
, while in the case of
MUC2 transcripts detection, few works record reduced
expression of MUC2 mRNA in the CRC, compared
[45]
to the normal tissue . In the current work, higher
expression of MUC2 in the mucinous CRC, as compared
with nonmucinous subtypes of cancer, has been shown,
which also confirms the results of other authors’ re
[24,47,49]
search
.
In CRC patients gathered in this work, a higher
expression of MUC2 was also observed in the more
advanced histologic stages of the tumor. In addition,
there have been significant negative correlations be
tween MUC2 with Ki-67 and p53 expressions. This could
indicate a significant relation between the decrease
in the expression of this glycoprotein in the course of
colon carcinogenesis, and the pro-proliferative activity
(Ki-67), or deregulation of the tumor suppressive P53
signaling. This result is confirmed by the research of
[50,51]
other authors
. However, similarly to MUC1, there
was no significant correlation between MUC2 expression
and histologic grade, size, or location of the tumor, which
[43,52]
is also consistent with the literature data
.
In the current study, it was also not possible to find
statistically significant relationships between mucin
expression (mRNA, protein) and survival of patients
with CRC. In the 5-year period evaluated, seven people
died of cancer (21%), the average survival was 52 mo
from the time of surgery. The small number of patients
analyzed, including the deceased, did not allow to draw
binding conclusions on the predictive role of MUC1 and
MUC2 tissue expression, in the CRC patients of the
Greater Poland Region.
Research by other authors points to a link between
MUC1 overexpression and poorer survival, especially
in mucinous tumors. These authors prove, that higher
frequency of MUC1 immunoreactivity in the mucinous
subtype of CRC was independently related to greater rate
[26]
of cancer death in colorectal patients . In the case of
MUC2, however, other studies have also shown important
correlations between MUC2 expression reduction/loss,
shorter survival time (OS), shorter progression-free/
disease-free (PFS) in patients with stage Ⅱ and Ⅲ colo
[30,53]
rectal carcinomas
and longer disease-free (DFS) and
disease-specific survival (DSS) in patients with positive
MUC2 expression. The loss of expression of this mucin
[52]
was correlated with the recurrence of cancer . In some
studies, the relationship between MUC2 expression and
survival was not spectacular, but only borderline, and
more often concerned well-to-moderately differentiated
adenocarcinomas [P = 0.064 for recurrence/metastasisfree survival (RFS) and P = 0.172 for OS] but not for
[43]
poorly differentiated adenocarcinomas .
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Figure 6 Spearman’s correlation between the expression of mucin 2
protein and of Ki-67 proliferating antigen in colorectal carcinoma. MUC2:
Mucin 2.

study results, at least partially, including the increased
MUC1 expression in both control, and cancerous large
intestine, presented in our study.
Current studies, employing the RT-qPCR method,
have been shown a significantly higher mean expression
of MUC1 mRNA in CRC, compared to the healthy tissue.
This expression showed borderline correlation (P = 0.055)
with MUC1 protein expression. It is difficult to relate this
result to the literature data.
The results of correlation analysis, between the MUC1
expression (mRNA, protein) and the available patient
clinical data, are not as spectacular as those obtained
by other authors. In the case of MUC1, a negative cor
relation is shown between the mRNA (but not the pro
tein itself) expression and the age of the CRC affected
patients. The data on that specific relation was not found
in literature. In addition, we have observed positive
correlations between the MUC1 mRNA and the number of
leukocytes, while the expression of the MUC1 apomucin
itself, correlated with the number of platelets in the
CRC. There are also no exact references to these results
in literature. However, in mouse model, it was shown
that carcinoma mucins (fragments from human colonic
adenocarcinoma LS180 cells) initiate thrombosis through
adhesion-dependent, reciprocal activation of neutrophils
and platelets. These studies provide insights into mucindependent, thrombin-independent thrombosis in patients
[42]
with Trousseau syndrome .
Similar to MUC1 expression, the detectability of
MUC2 (mRNA, protein), obtained in the current, study
was higher, than that presented in the literature data,
[14]
which cite approximately 30% , approximately
[20,30,43]
[44]
50%-64%
and 92% of positive CRC cases .
Some sources document a higher incidence of MUC2
expression detection (72%-100%), only in the case of
[29,40]
mucinous CRC subtypes
. The production of MUC2
mRNA in the healthy colorectal tissues is documented
[18,45,46]
by numerous researchers
, although some of the
[44]
authors describe it in just 20% of the control tissues .
The cytoplasmic pattern of MUC2 expression, de
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in cancerous and normal colorectal tissue samples was performed using realtime quantitative polymerase chain reaction (RT-qPCR) to evaluate expression
of transcripts, immunohistochemistry (IHC) for demonstrating apomucins
localization, and the morphometric analysis of intensity of IHC reaction using
modern HSV filter software.

Although the current study is based on a relatively
small group of patients (n = 34), with the predominance
of nonmucinous subtype of CRC, it can be assumed, that
the expression of both mucins (MUC1 and MUC2), at
the level of mRNA and protein, occurs in a normal and
tumor-altered colon. Lower tissue expression of MUC2 in
CRC, as compared with control, correlates with increased
cellular proliferation and could become a marker of
cancer progression. The intensity of MUC2 expression
allows to differentiate mucinous and nonmucinous CRC
subtypes.
The clinical limitations of the current study can be
summarized as follows: (1) Most likely due to the homo
geneous study group in the range of histologically as
sessed parameters (68% patients with G2 and 85% with
stage Ⅲ and Ⅳ in TNM classification), not all differences
in MUC1 and MUC2 expression or correlations with clini–
cal data have reached statistical significance. And (2)
The small number of deceased patients (n = 7) analyzed
in the current study, did not allow to draw binding con
clusions on the predictive role of MUC1 and MUC2 tissue
expression for the survival time of patients with CRC of
the Greater Poland Region.
Future study is required and a larger number of
patients should be evaluated to confirm our findings.
Better characterization of the role of mucins in molecular
mechanisms in colorectal carcinogenesis requires further
testing, also on an in vitro model.
In conclusion, a combination of tissue overexpression
of MUC1, reduced MUC2 expression, and high ratio
of MUC1/MUC2 is a factor of poor prognosis in CRC
patients. MUC2 tissue expression allows to differentiate
mucinous and nonmucinous CRC subtypes.

Research results

Significantly higher expression of the MUC1 mRNA in the CRC, while MUC2
transcript expression was comparable with the control colorectal samples.
Using immunohistochemistry, we observed lower MUC2 protein as compared
to control tissue. MUC2 protein expression correlated negatively with cellular
proliferation (Ki-67 antigen expression) and expression of mutated form of p53.
In neoplastic tissue of CRC it was observed also higher MUC1/MUC2 ratio as
compared with healthy colorectal tissue. Higher expression of MUC2 was a
feature of mucinous CRC subtypes, and characterized higher histological stage
of tumors. Future study is required to explain molecular mechanisms of CRC
carcinogenesis including mucins and TP53 pathway.

Research conclusions

Our study confirmed that the colorectal carcinogenesis is closely related to
overexpression of MUC1 and the decline in MUC2 expression. The use of
increasingly repetitive and reliable method for the quantitative evaluation of
mucins expression may prove useful to evaluate different patterns of IHC
reaction (membranous, cytoplasmic, etc.) and can be useful in various subtype
of colorectal cancer, as our research shows (mucinous vs nonmucinous CRC).
Both the microscopic demonstration of evident MUC1 expression, especially
in healthy colorectal tissue (control), and morphometric quantitative evaluation
(Filter HSV program) of membranous (MUC1) and secreted (MUC2) expression
is the novelty of the present work. The quantitative method used in the current
study, can be used for further comparative research and to evaluate tissue
expression of other types of mucins in CRC. The use of quantitative methods in
immunocytochemistry can improve the detection of tissue markers in CRC and
assess their true value in daily medical practice.

Research perspectives

This study proposed, that the examination of the tissue expression of MUC1
and MUC2 (mRNA, protein), should use modern methods of quantitative
assessment of transcripts (e.g. RT-qPCR), and more reliable morphometric
methods (e.g. HSV filter software). Only these methods could improve the
diagnostic/prognostic usefulness of mucins as tissue biomarkers in CRC
patients. A better explanation of molecular mechanisms in the colorectal
carcinogenesis with mucin involvement requires further testing, also on an in
vitro model. These results could be the basis for further studies to understand
the carcinogenesis of colorectal cancer.
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Research background

In Poland, colorectal carcinoma (CRC) is the second most common cancer
in men and woman, with the third leading causes of cancer deaths in Greater
Poland Region. Altered mucin expression is correlated with the prognosis of this
cancer. In vivo as well as in vitro studies on the expression of mucins may have
also therapeutic implications.
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Abstract
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AIM
to reveal the protective mechanism of the combined
use of vitamin D and puerarin in the progression of
hepatic fibrosis induced by carbon tetrachloride (CCl4).

Institutional animal care and use committee statement:
This study was reviewed and approved by the Youjiang Medical
University for Nationalities.

METHODS
Eight-week-old male Wistar rats were randomly divided
into a normal control group (C group), a CCl4 group
(CCl4 group), a vitamin D group (V group), a puerarin
group (P group), and a combined group of vitamin D
and puerarin (V + P group), each of which contained
ten rats. In this way, we built a rat model of CCl 4induced hepatic fibrosis with intervention by vitamin
D, puerarin, or a combination of the two. After eight
weeks, the mice were sacrificed to collect serum and
liver specimens. Blood was collected to detect the
hyaluronic acid (HA). We also measured hydroxyproline
(Hyp) and prepared paraffin sections of liver. After
Sirius red staining, the liver specimens were observed
under a microscope. RT-PCR and western blot analysis
were adopted to detect the mRNA and the protein

Conflict-of-interest statement: All authors have no conflict of
interest.
Data sharing statement: No additional data are available.
ARRIVE guidelines statement: The manuscript has been
revised according to the ARRIVE guidelines.
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

4178

September 28, 2018|Volume 24|Issue 36|

Huang GR et al . Anti-hepatic fibrosis mechanism

levels of Collagen I, Collagen III, Wnt1, and β-catenin
in the liver tissues, respectively.

exceeding the degradation ability of the liver itself. The
long-term accumulation of ECM will lead to hepatic
[1,2]
fibrosis and thus cause liver cirrhosis . In recent
years, it has been proven that the β-catenin protein
plays a critical role in the occurrence and development
[3,4]
of hepatic fibrosis . Previous studies revealed that
the more serious the hepatic fibrosis, the higher the
expression of β-catenin in liver tissues compared with
normal liver tissues, and silencing β-catenin is able to
suppress the secretion of collagen and the proliferation
of HSCs and mediate cell apoptosis. β-catenin
participates in many signalling pathways, among which
the Wnt/β-catenin pathway is the most common along
which β-catenin plays its role. Apart from this, β-catenin
also participates in alternative pathways including
[5-7]
E-cadherin, NF-κB, and TGF-β . Therefore, β-catenin
is key to the intersection of multiple signalling pathways.
Existing experiments revealed that HSC-T6 cell
membranes and cytoplasm with activated phenotypes
show β-catenin expression, and β-catenin expression
is also observed in nuclei. This indicates that the Wnt/
β-catenin signalling pathway is activated in activated
HSCs. The expression of α-SMA in HSC-T6 cells was
down-regulated by blocking the transduction of the
Wnt/β-catenin signalling pathway, and the expression
of types I and III collagen (Collagen I and Collagen III)
was also significantly down-regulated. The analysis
based on the String database finds that DVL1, DVL2,
and DVL3 play their functions in signal transduction
pathways mediated by multiple Wnt genes. They are
regulatory factors for the Wnt signalling pathway and
ER-to-Golgi transport and participate in the ER-to-Golgi
transport, thus KLHL12 plays a critical role in the export
of collagen, as shown in Figure 1. This implies that the
Wnt/β-catenin signalling pathway is closely associated
with the activation of HSCs.
Carbon tetrachloride (CCl4) is one of the classical
poisons used in establishing hepatic fibrosis models
[8]
and is therefore widely used in fundamental research .
Previous research has proven in vivo that vitamin
D is able to alleviate hepatic fibrosis, and in vitro
experiments confirmed that vitamin D can reduce the
[9,10]
secretion of collagen fibers of HSCs
. There are
also evidences from existing research that puerarin
is capable of attenuating hepatic fibrosis, which is
probably associated with the inhibition of the activation
[11,12]
of HSCs by blocking the TNF-α signalling pathway
.
A preliminary study by the present research team has
confirmed that the combined use of vitamin D and
puerarin is able to enhance the anti-hepatic fibrosis
effect; however, the related mechanism has not been
revealed. Therefore, the current research investigated
the effects of vitamin D combined with puerarin on the
expression of key factors, including Wnt1, β-catenin,
Collagen I, and Collagen III, in the Wnt/β-catenin
signalling pathway based on the aforementioned
preliminary study. By doing so, we attempted to further
clarify the mechanism of the combined use of vitamin D

RESULTS
Hepatic fibrosis was observed in the CCl4 group. In
comparison, hepatic fibrosis was attenuated in the V,
P, and V + P groups: the HA level in blood and the
Hyp level in liver were reduced, and the mRNA levels
of Collagen I, Collagen III, Wnt, and β-catenin in liver
were also decreased, as well as the protein levels of
Wnt1 and β-catenin. Among these groups, the V +
P group demonstrated the greatest amelioration of
hepatic fibrosis.
CONCLUSION
The combined application of vitamin D and puerarin is
capable of alleviating CCl4-induced hepatic fibrosis of
rats. As to the mechanism, it is probably because the
combined use is able to silence the Wnt1/β-catenin
pathway, suppress the activation of hepatic stellate
cells, and reduce the secretion of collagen fibers,
therefore improving the anti-hepatic fibrosis effect.
Key words: Carbon tetrachloride; Hepatic fibrosis;
Vitamin D; Puerarin; Wnt/β-catenin
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The proliferation of hepatic stellate cells (HSCs)
is associated with hepatic fibrosis. The activated HSCs,
as well as Wnt1 and β-catenin, have become important
targets in anti-hepatic fibrosis therapy. This research
investigated the protective effect of the combined use
of vitamin D and puerarin against CCl4-induced hepatic
fibrosis in rats. The protective effect of the combined
use of vitamin D and puerarin in the progression of
hepatic fibrosis is closely associated with the function
of silencing the Wnt1/β-catenin pathway, suppressing
the activation of HSCs, and decreasing the secretion of
collagen fibers, which provided a useful reference for
those in clinical practice.
Huang GR, Wei SJ, Huang YQ, Xing W, Wang LY, Liang LL.
Mechanism of combined use of vitamin D and puerarin in antihepatic fibrosis by regulating the Wnt/β-catenin signalling
pathway. World J Gastroenterol 2018; 24(36): 4178-4185
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i36/4178.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i36.4178

INTRODUCTION
Hepatic fibrosis is the change of pathological structures
due to all kinds of chronic liver diseases. Essentially, it
occurs because extracellular matrix (ECM) synthesized
by hepatic stellate cells (HSCs) under the actions of
various pathogenic factors substantially increases,
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groups. On the basis of the models established using
corn oil solution containing CCl4, mice in the three groups
received 2 μg/kg of vitamin D, 0.4 g/kg of puerarin, and
a combination of D vitamin (2 μg/kg) and puerarin (0.4
g/kg) through intragastric administration twice a week.
The mice were subjected to fasting for one hour before
each administration of treatment. The C group received
the same quantity of normal saline through intragastric
administration. After eight weeks, the mice were fasted
overnight the day before the end of the experiments and
sacrificed the next day. Whole blood was collected and
stood for 20 min at room temperature. Then, the blood
was centrifuged at 5000 rpm for 15 min. Thereafter, the
supernatant and then the serum were obtained, followed
by the detection of hyaluronic acid (HA) in blood using
the aforementioned kit. After collecting the liver of the
rats, the kit was used to detect hydroxyproline (Hyp) in
the liver. Part of the liver was fixed in a paraformaldehyde
solution, and paraffin sections were prepared. After
Sirius red staining, liver tissue slices were placed under
the microscope to observe their pathological changes
and degree of fibrosis. Moreover, real-time fluorescence
quantitative PCR was applied to detect the mRNA levels
of Collagen I, Collagen III, Wnt1, and β-catenin, and
a western blot assay was used to measure the protein
levels of Wnt1 and β-catenin.

Table 1 Designations and sequences of primers
Designation (mice)
GAPDH

Sequence (5’-3’)
F: GGCATCCTGACCCTCAAGTA
R: GGGGTGTGAACCTCTCAAA
F: GGACACTACTGGATCGACCTAAC
R: CTCACCTGTCTCCATGTTGCA
F: CTACCTTGCTCAGTCCTATGAGTCTAGA
R: TCCCGAGTCGCAGACACATAT
F: GAAACCGCCGCTGGAACT
R: CCCTGCCTCGTTATTGTGAAG
F: ACC TCC CAAGTC CTG TAT
R: CCT GGT CCT CGT CAT TTA

Collagen Ⅰ
Collagen Ⅲ
Wnt1
β-catenin

CUL3

DVL1
KLHL12

UBC
PSMA7

PSMA1
DVL2

PSMA3

PSMA8
DVL3

PSMA5

Statistical analysis

Figure 1 Interaction between WNT-related genes and collagen-related
genes.

The experiments were repeated three times for each
group. SPSS 17.0 statistical software was used for sub
sequent analysis. The analytical results were expressed
using mean ± SD, and a t-test was used when comparing
paired groups. The difference was deemed statistically
significant when P < 0.05.

and puerarin in anti-hepatic fibrosis.

MATERIALS AND METHODS
Experimental materials

RESULTS

Fifty clean-grade healthy male Wistar rats (with a body
mass of about 200 g) of similar age were provided
by the Animal Center of Youjiang Medical College for
Nationalities. Analytically pure CCl4 was purchased from
Sinopharm Chemical Reagent Co., Ltd, and vitamin D
and puerarin were purchased from Sigma. In addition,
corn oil, Sirius red staining solution, and real-time
fluorescence quantitative PCR kits were purchased from
Wako Pure Chemical Industries, Ltd, Beijing Leagene
Biotech Co., Ltd, and Roche (Switzerland), respectively.
Wnt1 and β-catenin antibodies were purchased from
Santa Cruz Biotechnology (Dallas, TX, United States).
Table 1 shows the designations and sequences of primers.

Determination of biochemical indices of blood and liver

HA is a type of proteoglycan distributed around hepatic
cells, and its content significantly increases in blood
[13]
when hepatic fibrosis occurs . Hyp in liver is an
important part of the collagen fibers in liver, and the
amount thereof also increases when hepatic fibrosis
[14]
occurs . Therefore, these two factors are important
diagnostic indices of hepatic fibrosis. As shown in Table
2, the HA and Hyp of the CCl4 group were significantly
higher than those of the C group, which indicated, to
some extent, that the hepatic fibrosis model had been
successfully established. The HA and Hyp levels of the
V, P, and V + P groups were much lower than those of
the CCl4 group. Among these groups, the V + P group
showed the most significant reduction in HA and Hyp
levels.

Experimental methods

Fifty Wistar rats were randomly divided into five groups.
Rats in the CCl4 group were administered 3 ml/kg of corn
oil solution containing 45% CCl4 through intraperitoneal
injection twice a week. The normal control group (C
group) was administered the same dose of normal
saline through intraperitoneal injection twice a week.
The V, P, and V + P groups were the drug intervention
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Observation of the pathological sections of liver tissues

The Sirius-red-stained sections of each group were
observed under the microscope. As illustrated in Figure
2A-F, mice in the CCl4 group and the medication groups
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of ECM, when activated, are the key link necessary for
the occurrence of hepatic fibrosis. Existing in the Disse
space, HSCs mainly play their roles in metabolizing
and storing vitamin A in normal conditions. They can
synthesize and secrete small amounts of ECM and
produce collagenase. When hepatic fibrosis occurs,
HSCs in their resting state are activated. Active oxygen,
lipid peroxide, and molecules secreted by nearby cells,
such as activated Kupffer cells, and liver sinusoidal
endothelial cells, as well as damaged hepatic cells,
all can facilitate the activation of resting HSCs. After
activation, HSCs have different morphologies, and
the changes include the secretion of alpha smooth
muscle actin (α-SMA), loss of vitamin A stored in cells,
and increase in the rough endoplasmic reticulum. The
activation of HSCs is also accompanied by a series of
changes in genetic expression, including the appearance
of receptors that can respond to paracrine stimulation
on the cytomembrane of activated HSCs and a series
of signalling cascade reactions in cells. The presence
of the signalling cascade reactions in cells is beneficial
to maintaining the phenotype of activated cells and
controlling the occurrence of fibrosis, the proliferation
of HSCs, and the increases in the transcription and
[17-19]
translation of Collagen I and Collagen III
.
The canonical Wnt signal transduction pathway is
also known as the Wnt/β-catenin signal transduction
pathway. It is the pathway that has been the subject
of most of the research to date. As a highly conserved
signalling pathway activated during the evolution of
some species, it is a basic pathway that is able to
regulate cell proliferation and cell polarity, control cell
fate, and maintain homeostasis in the embryo, and
influence tissue development. Therefore, the pathway
plays significant roles in various physiological processes
including early development of animal embryos,
organogenesis, and tissue regeneration, as shown in
[20]
Figure 4 . When Wnt is deficient, β-catenin in the
cytoplasm is generally degraded via Axin complexes; in
addition, glycogen and casein kinase 1 (CK1) synthesize
glycogen synthase kinase 3 (GSK3), which sequentially
phosphorylates the amino terminus of β-catenin. As a
result, β-catenin is recognized by β-Trcp and the subunit of E3 ubiquitin ligases and is then degraded by
the ubiquitination pathway. The continuous removal of
β-catenin inhibits the nuclear import of β-catenin and
the combination of the protein family of T cell factor/
lymphoid enhancer factor (TCF/LEF) with DNA, thus
[21,22]
suppressing the transcription of Wnt target genes
.
When Wnt ligands are bound with transmembrane
Frizzled (Fz) receptors and their co-receptor–lowdensity lipoprotein receptor related protein 6 (LRP6)
or similar LRP5, the Wnt/β-catenin signalling pathway
and dishevelled Dsh/Dvl proteins in cells are activated.
Consequently, the GSK-3β activity is suppressed,
Axin falls off, and the formation of biodegradable
composite film (mainly composed of Axin, APC, and
GSK-3β) of β-catenin is inhibited. Therefore, β-catenin

Table 2 Biochemical indices of blood and liver
Groups
C
CCl4
V
P
V+P

HA (mg/L)

Hyp (mg/g)

61 ± 20.6bcde
157.3 ± 44.3acde
70.2 ± 12.9b
79.5 ± 11.6b
65 ± 12.1b

195.6 ± 10.5bcde
503 ± 31.7acde
375.2 ± 26.9ab
361.3 ± 24.1ab
353.7 ± 21.6ab

In the comparison of the mean ± standard deviation (SD) of various
groups, differences are statistically significant when P < 0.05, with n = 10.
In addition, a, b, c, d, and e represent statistical differences vs C, CCl4, V, P,
and V + P groups, respectively. C: Control; V: Vitamin; P: Puerarin.

showed larger areas of fibrosis in their liver tissues
than in the C group. In addition, the areas of fibrosis
of liver tissues in rats in each of the medicated groups
were smaller than that of the CCl4 group (P < 0.05).
Among the three groups, the V + P group presented
the smallest area of fibrosis.

mRNA levels of collagen I, collagen III, Wnt1, and
β-catenin

RT-PCR detection was conducted to test the mRNA
levels of Collagen I, Collagen III, Wnt1, and β-catenin of
the rats in each group. It can be seen from Table 3 that
the mRNA levels of Collagen I, Collagen III, Wnt1, and
β-catenin of liver tissues of rats in the CCl4 group and
the medicated groups are all higher than those of the C
group. The mRNA levels of these indices of rats in the
three medicated groups were all lower than those of the
CCl4 group (P < 0.05). Among the medicated groups,
the V + P group showed the lowest mRNA levels.

Protein levels of Wnt1 and β-catenin of liver

As the Wnt/β-catenin signalling pathway plays a
significant role in the progression of hepatic fibrosis, a
western blot assay was applied to detect the protein
levels of Wnt1 and β-catenin in the liver. Figure 3 shows
that the protein levels of Wnt1 and β-catenin in the
liver tissues of rats in the CCl4 group and the medicated
groups were higher than the C group. The medicated
groups showed lower protein levels than the CCl4 group
(P < 0.05), among which the V + P group exhibited the
lowest protein levels (P < 0.01).

DISCUSSION
Hepatic fibrosis is the inevitable pathological change
during the development of chronic liver diseases. If it
is not blocked, its further development would cause
liver cirrhosis and even liver cancer. Hepatic fibrosis
can be induced by many pathogenic factors, including
viruses, parasites, alcohol, and some poisons such
as CCl4. It is essentially a disturbance of the balance
between the production and degradation of ECM outside
hepatocytes. The ECM accumulates in the liver and its
[15,16]
main component is collagen fibers
. HSCs, as the
principal participants in the production and degradation
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Table 3 The mRNA levels of collagen I, collagen III, Wnt1, and β-catenin of liver
Groups

Collagen Ⅰ

Collagen Ⅲ

Wnt1

β-catenin

C

1.17 ± 0.16bcde

0.62 ± 0.15bcde

0.56 ± 0.13bcde

0.48 ± 0.21bcde

CCl4

4.73 ± 0.76acde

2.47 ± 1.12acde

1.77 ± 0.32acde

2.16 ± 0.42acde

V

1.97 ± 0.31b

1.29 ± 0.19ab

1.06 ± 0.35ab

1.25 ± 0.33ab

P

b

ab

ab

0.71 ± 0.46ab

abcd

0.59 ± 0.14abcd

V+P

1.75 ± 0.46

abcd

1.53 ± 0.12

1.35 ± 0.17

0.83 ± 0.19

abcd

1.03 ± 0.08

0.61 ± 0.24

Differences are considered to exhibit statistical significance when P < 0.05 (n = 10) in the comparison of the mean ± standard deviation (SD) between various
groups. a, b, c, d, and e indicate that there are statistical differences vs C, CCl4, V, P, and V + P groups, respectively. C: Control; V: Vitamin; P: Puerarin.

A

B

C

D

F

E

40

30

acde

20

abe

10

abe
abcd

bcde
0
C

CCl4

V

P

V+P

Figure 2 Sirius red staining. A: Control (C) group; B: CCl4 group; C: Vitamin D (V) group; D: Puerarin (P) group; E: V + P group (200 × magnification); F: Statistical
graph of positive Sirius-red-stained areas (in the comparison of the mean ± SD of various groups, differences are statistically significant when P < 0.05, n = 10. a, b, c,
d, and e represent statistical differences vs C, CCl4, V, P, and V + P groups, respectively).

will aggregate, not be recognized, and degraded via the
[23,24]
ubiquitination pathway
. As β-catenin accumulates
to a certain level, it dissociates. Under these conditions,
β-catenin is likely to undergo nuclear translocation,
thus combining with the transcription factor TCF/LEF,
forming transcriptional activation complex, and finally
upregulating or downregulating the expressions of
some downstream genes. At present, the known target
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downstream genes include D1 (cyclin D1), c-myc,
MMP7, survivin, CD44, and growth factor, and new
[25,26]
target genes are constantly being discovered
.
In the Wnt/β-catenin pathway, Wnt1 is the key gene
participating in the aggregation and disappearance of
β-catenin and is closely related to the occurrence and
development of hepatic fibrosis and tumors.
The Wnt/β-catenin pathway and the activation and
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A

C

CCl4

V

P

V+P

Wnt1

b-catenin

GAPDH

B

C
100

100
80
ade
ae

60

abe

40
abcd
20

% b-catenin/GADPH

% Wnt1/GADPH

80

bcde

60

CCl4

V

P

abde
abce

40

abcd
20

0
C

acde

0

V+P

bcde

C

CCl4

V

P

V+P

Figure 3 The protein levels of Wnt1 and β-catenin of liver tissues in rats in the CCl4 group and the medicated groups were higher than the Control (C)
group. A: Detection of protein levels of Wnt1, and β-catenin using western blot assay; B: Grey analysis of Wnt1; C: Grey analysis of β-catenin [in the comparison
of mean ± standard deviation (SD) of various groups, differences are statistically significant when P < 0.05, n = 10. In addition, a, b, c, d, and e represent statistical
differences vs C, CCl4, V, P, and V + P groups, respectively]. C: Control; V: Vitamin; P: Puerarin.

proliferation of HSCs are therefore associated with
hepatic fibrosis. The Wnt/β-catenin pathway, dominated
as it is by Wnt and β-catenin, plays a significant role in
regulating the activation of HSCs and the secretion of
Collagen I and III. Although the mechanism via which
the Wnt/β-catenin signalling pathway takes part in
hepatic fibrosis by activating HSCs is not completely
understood, activated HSCs, as well as Wnt1 and
β-catenin, have become important targets in antihepatic fibrosis therapy.
Most of the vitamin D in the body is produced by
the liver, which is also one of the target organs of
vitamin D. Previous studies have revealed that vitamin
D is capable of ameliorating CCl4-induced hepatic
fibrosis in mice. In vitro experiments have shown that
this is probably because it reduces the activation of
HSCs and the secretion of collagen fibers. Puerarin,
as a type of flavonoid drug that is widely applied in
clinical practice, is also able to alleviate CCl4-induced
hepatic fibrosis (according to the evidence of existing
research): however, there is no report on the issue as
to whether the Wnt/β-catenin signalling pathway can
be significantly suppressed after the combined use
of vitamin D and puerarin. Whether using vitamin D
or puerarin alone, their protective effects on the liver
during the progression of hepatic fibrosis have been
found to be closely associated with their functions of
suppressing HSCs. Our preliminary research revealed
that the combined use of the two drugs is able to impart
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greater protective function, so we speculatd that the
mechanism of the combined use is probably related to
HSCs, Wnt, and β-catenin.
The research demonstrated that CCl4 greatly
increased the HA level in blood and Hyp level in rat liver.
By observing the Sirius-red-stained specimens under a
microscope, it was found that CCl4 caused the deposition
of collagen fibers in the liver of the rats. All these results
indicated that the rat model of hepatic fibrosis was
successfully established. Vitamin D and puerarin can
both reduce the HA level in blood and Hyp level in liver of
the rats, thus greatly decreasing the amount of collagen
fibers in the liver. The combined use of vitamin D and
puerarin most significantly reduced various damage
indices and alleviated the deposition of collagen fibers,
which proved that the two drugs have synergistic effects.
Meanwhile, we detected the mRNA and protein levels of
Collagen I, Collagen Ⅲ, Wnt1, and β-catenin molecules
in the liver of the rats. The results indicated that both
vitamin D and puerarin are capable of decreasing the
mRNA and protein levels of these molecules. Likewise,
the most significant reduction effect was also observed in
the V + P group. This suggested that the protective effect
of the combined use of vitamin D and puerarin in the
progression of hepatic fibrosis is closely associated with
the functions of silencing the Wnt1/β-catenin pathway,
suppressing the activation of HSCs, and decreasing the
secretion of collagen fibers.
The research investigated the protective effect of the
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WNT ON

WNT OFF

Wnt ligands (-)

Frrizled

LRP5/6
P

Cytoplasm

WNT

Wnt ligands (+)

Frrizled

P

DVL
Axin

DVL

GSK3b
b-catenin destruction complex
Axin
P P

GSK3b

LRP5/6

APC
CK-1

Ceased destruction complex

APC
CK-1

b-catenin

b-catenin

b-catenin

b-catenin accumulation

Proteasomal degradation
b-catenin

Translocation

Nucleus
Proteasome

Proteasome

b-catenin
TCF/LEF

TCF/LEF

Axin, FGF, BMP, Sox...

Figure 4 Overview of WNT/β-catenin signalling. Without WNT signalling (“WNT OFF”), the destruction complex phosphorylates cytosolic β-catenin, and
phosphorylated β-catenin is recognized and degraded by the proteasomes. With active WNT signalling (“WNT ON”), the function of the “destruction complex” is
inhibited to phosphorylate cytosolic β-catenin. Then unphosphorylated β-catenin accumulates in the cytosol, translocates into the nucleus, and activates WNT target
gene expression, such as the targets of the T-cell factor and lymphoid enhancer factor-1 (TCF/LEF1) family of transcription factors.
tetrachloride (CCl4).

combined use of vitamin D and puerarin against CCl4induced hepatic fibrosis in rats. The results revealed
that the combined use of the two drugs exhibited a
superior anti-hepatic fibrosis effect compared to that of
each of the agents used as a single medication. It was
preliminarily found that the protective mechanism of the
combined use was related to the Wnt/β-catenin pathway,
which provided a useful reference for those in clinical
practice. However, the regulatory mechanism is complex
and involves multiple factors and pathways. Other
mechanisms of action warrant further investigation.

Research methods

In this study, a Wistar rat model of hepatic fibrosis was constructed by CCl4.
Vitamin D combined with puerarin was used in the treatment of hepatic fibrosis
rats, and the liver pathology and the genes related to the Wnt/β-catenin
pathway were detected. The protective mechanism of the combined use of
vitamin D and puerarin in the progression of hepatic fibrosis was explored at
the molecular level.

Research results

The research demonstrated that CCl4 greatly increased the HA level in blood
and Hyp level in the rat liver. CCl4 caused the deposition of collagen fibers in
the liver of the rats. Vitamin D and puerarin can both reduce the HA level in
blood and Hyp level in liver of the rats, thus greatly decreasing the amount of
collagen fibers in the liver. The combined use of vitamin D and puerarin most
significantly reduced the various damage indices, and alleviated the deposition
of collagen fibers, which proved that the two drugs had synergistic effects.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatic fibrosis is seriously endangering the safety of life. At present, there is
no ideal way to treat hepatic fibrosis. The combination of vitamin D and puerarin
can improve the effects of anti-hepatic fibrosis, but the mechanism is not clear.
Therefore, the aim of this study is to explore the mechanism of the combined
use of vitamin D and puerarin in the treatment of hepatic fibrosis, so as to
improve the theoretical basis for the treatment of hepatic fibrosis.

Research conclusions

The combined application of vitamin D and puerarin is capable to alleviating the
CCl4-induced hepatic fibrosis of rats.

Research perspectives

Research motivation

We have learned to induce an animal model of hepatic fibrosis and study the
drug effects by the animal model, but also because we were not skilled enough
in the experimental technique and spent more time doing repetitive work. The
future research direction is to explore the prevention and treatment measures of
hepatic fibrosis. The drug targets will be studied by transcriptome, proteomics
and other methods.

The combination of vitamin D and puerarin can improve the effect of antihepatic fibrosis, but its mechanism is not clear. The Wnt/β-catenin pathway
is closely related to liver fibrosis. In this study, we found that vitamin D and
puerarin are closely related to the regulation of Wnt/β-catenin pathway in
hepatic fibrosis, which provided a useful reference for those in clinical practice.
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AIM
to specify the type and prevalence of anemia along
with a treatment approach for inflammatory bowel
disease (IBD).

Institutional review board statement: This study was approved
by the Dokuz Eylul University Ethics Committee in June 2017.

METHODS
We conducted a retrospective study on 465 patients
who were diagnosed with IBD and followed up at our
hospital from June 2015 to June 2016 [male: 254,
female: 211; average age: 47 ± 14.4; Crohn’s disease
(CD): 257, Ulcerative Colitis (UC): 208]. Epidemiological
and clinical data, such as sex, age, age of diagnosis,
type of IBD, disease extension, disease behavior and
duration, treatments for IBD and anemia, and surgical
history were obtained for each patient. Per World
Health Organization guidelines, anemia was diagnosed
for males if hemoglobin values were less than 13 g/dL
and for females if hemoglobin values were less than 12
g/dL.

Informed consent statement: Informed consent was provided
by all participants.
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RESULTS
We determined that 51.6% of the patients had anemia,
which was more frequent in women then men (64%
vs 41.3%, P < 0.001). Anemia frequency was higher
in CD cases (57.6%) than in UC cases (44.2%) (P =
0.004). CD involvements were as follows: 48.2% in
ileal involvement, 19% in colonic involvement, and
32.8% in ileocolonic involvement. Furthermore, 27.5%
of UC patients had proctitis (E1) involvement, 41% of
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them had involvement in left colitis (E2), and 31.5%
had pancolitis involvement. There was no significant
relationship between anemia frequency and duration
of disease (P = 0.55). Iron deficiency anemia (IDA)
was the most common type of anemia in this cohort.
Moreover, because anemia parameters have not been
evaluated during follow-up of 15.3% of patients, the
etiology of anemia has not been clarified. Fifty percent
of patients with anemia received treatment. Twentythree percent of IDA patients had oral iron intake and
forty-one percent of IDA patients had parenteral iron
treatment. Fifty-three percent of patients who were
suffering from megaloblastic anemia received B12/folic
acid treatment.

complaints reported in IBD-related anemia. Moreover,
IBD-related anemia has been associated with frequent
hospitalizations, late hospital discharge, increased
health expenditures, co-morbidity for other diseases
[e.g., transfusion-related Hepatitis C virus (HCV), etc.],
and most importantly, a significant increase in the risk
[1]
of mortality .
The prevalence of anemia is higher in IBD patients
than in the general population, and ranges between 6%
[2,3]
[2]
and 74% . According to a review of 22 articles , the
mean prevalence of anemia among IBD patients is 17%
[4]
(95%CI: 16-18). In a meta-analysis , the prevalence
of anemia in 2192 IBD patients was reported as 24%
(27% in CD patients and 21% in UC patients). A recent
[5]
study by Koutroubakis et al including 1821 patients
(1077 CD, 744 UC) reported the prevalence of anemia
as 50.1% (CD: 53.3%, UC: 44.7%). The first study to
report on the incidence of anemia in Turkish patients
with IBD reported that 58.2% of 941 patients (62.1%
of 375 CD patients and 55.7% of 566 UC patients)
had anemia at least once during an 18-year follow-up
[6]
period .
The most common causes of anemia in IBD are iron
deficiency anemia (IDA) and chronic disease anemia
[6-10]
(CDA)
. Other causes of anemia in IBD include
macrocytic anemias (such as vitamin B12 deficiency
and/or folate deficiency), hemolytic anemia, and drugrelated bone marrow suppression.
Although IBD-related anemia has a relatively high
prevalence, its diagnosis and treatment is generally
overlooked. Iron therapy is recommended for all patients
with IDA-related IBD, and the treatment should aim
to return the patient to normal hemoglobin levels and
[11]
provide adequate iron storage . Recently, intravenous
iron therapy has been recommended for the treatment
[12]
of IDA-related IBD . This is because intravenous iron
treatment exerts its effects quickly, particularly among
those who have active disease, have been intolerant to
previous oral iron therapy, have severe anemia (Hb < 10
[13]
g/dL), and require erythropoiesis-stimulating agents .
The current study aimed to determine the frequency
and types of anemia in IBD patients, to determine the
relationship between anemia and disease characteristics,
and to determine the most effective treatment approach.

CONCLUSION
We found out that almost half of all IBD patients
(51.6%) had anemia, the most frequent of which was
IDA. Almost half of these patients received treatment.
We should increase the treatment rate in our IBD
patients that have anemia.
Key words: Anemia; Inflammatory bowel disease;
Anemia of iron deficiency
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted a retrospective study on 465
patients, who were diagnosed with inflammatory bowel
disease (IBD). We determined that 51.6% of patients
had anemia, which was more frequent in women then
men. Anemia frequency was higher in Crohn’s disease
cases than in ulcerative colitis cases. No relation has
been found between the presence of anemia and
disease duration. Iron deficiency anemia was the most
common type of anemia. The factors that are related
to anemia among IBD patients are being female, drug
therapy (corticosteroids, AZA/MTX, Anti-TNF), and high
C-reactive protein levels. Fifty percent of patients with
anemia received treatment.
Bengi G, Keyvan H, Durmaz SB, Akpınar H. Frequency, types
and treatment of anemia in turkish patients with inflammatory
bowel disease. World J Gastroenterol 2018; 24(36): 4186-4196
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i36/4186.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i36.4186

MATERIALS AND METHODS
Study design and data collection

Patients: This study retrospectively evaluated 465 patients
who were diagnosed with IBD and followed-up between
June 2015 and June 2016 in the Gastroenterology/IBD
outpatient clinic or ward of Dokuz Eylül University, Medical
Faculty Hospital.
The IBD diagnoses were made in accordance with
the new European Crohn’s and Colitis Organization
(ECCO) guidelines, and were confirmed according to
standard clinical, endoscopic, histologic, and radiological
[14,15]
criteria
. In order to obtain epidemiological and

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic idiopathic
disease with a relapsing and remitting course. There
are two major types of IBD, including Crohn’s disease
(CD) and ulcerative colitis (UC). The most common
extraintestinal finding seen in IBD patients is anemia,
which decreases both the quality of life and the ability
to work. Fatigue and weakness are the most common
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Table 1 Types of anemia according to iron parameters

IDA
CDA
Mixed anemia (IDA + CDA)

Ferritin (ng/mL)

Transferrin saturation (%)

CRP (5 mg/L)

< 30
> 100
> 30 and < 100

< 20
< 20
< 20

>5

IDA: Iron deficiency anemia; CDA: Chronic disease anemia; CRP: C reactive protein.

clinical data, the following data were recorded for each
patient: sex, age, age at diagnosis, type of IBD, disease
extension, disease behavior and duration, treatments
for IBD and anemia, and surgical history. Patients were
excluded from this study if they had indeterminate
colitis, were pregnant, were monitored for less than one
year, or had diseases such as chronic renal insufficiency,
gastrectomy, hematological diseases, etc. Demographic
and clinical data as well as endoscopic activities were
obtained from hospital records.

All analyses were made using the Statistical package
for the Social Sciences (SPSS) (version 22.0; SPSS Inc.,
Chicago, IL, United States).

Ethical considerations

This study was approved by Dokuz Eylül University
School of Medicine’s non-invasive clinical research ethics
committee (15.06.2017 3387-GOA). Patient information
was kept confidential, and the study was conducted
according to the Helsinki declaration.

Definition of anemia: We used the World Health
Organization guidelines to diagnose anemia in our IBD
patients. Males were diagnosed with anemia if they had
hemoglobin values less than 13 g/dL, and females were
diagnosed if they had hemoglobin values less than 12
[16]
g/dL . Severe anemia was defined as having Hb values
below 10 g/dL for both sexes. We evaluated the lowest
hemoglobin levels of each patient during follow-up, as
well as iron levels and other anemia parameters. The
following were obtained from each patient’s laboratory
records: hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
serum ferritin, serum iron level, transferrin saturation
(TS), serum iron binding capacity (SIBC), folic acid,
vitamin B12, CRP, and albumin.
Three main classifications of anemia were selected
in accordance with the European consensus on anemia
[17]
in IBD, including IDA, CDA, and mixed anemia (Table
1). Aside from these, other causes of anemia were
determined by examining the peripheral smear, and in
cases with suspected macrocytic anemia, vitamin B12 and
folic acid levels were evaluated. Additionally, medications
that may cause macrocytic anemia (i.e., thiopurines and
sulfasalazine) were also taken into account. In cases
with suspected hemolytic anemia, reticulocyte ratio and
haptoglobulin levels were evaluated.

RESULTS
Patient characteristics

This study included the data from 465 IBD patients [254
male (54.6%) and 211 female (45.4%)] who were
newly diagnosed or were being followed-up with in
our hospital. Of these patients, 55.3% were diagnosed
with CD and 44.7% with UC. The mean age at IBD
diagnosis was 40.2 ± 13.9 years (39.8 ± 13.7 years
in CD patients, 40.7 ± 14.6 years in UC patients, P
= 0.46). The patient characteristics are presented in
Table 2. There was no significant difference between
mean disease duration of CD (6.45 years) and UC (7.36
years) (P = 0.07).
Among patients with CD, 48.2% had ileal involve
ment (L1), 19% had colonic involvement (L2), and
32.8% had ileocolonic involvement (L3). Isolated upper
GI involvement (L4) was not observed in any of the
patients. In terms of CD behavior, 60.9% of patients
had inflammatory type CD (B1), 16.5% had structuring
type CD (B2), and 22.6% had penetrating type CD (B3).
In patients with UC, 27.5% had proctitis involvement
(E1), 41% had left colitis involvement (E2), and 31.5%
had pancolitis involvement (Table 2).

Frequency and type of anemia among IBD patients

In our current study, 51.6% (n = 240) of the patients
had anemia. Anemia frequency was higher in CD
(57.6%) than in UC (44.2%) (P = 0.004). The mean
hemoglobin concentration was 12.3 g/dL in IBD
patients, and was significantly lower in those with CD
(12.1 g/dL) than in those with UC (12.5 g/dL) (P = 0.03).
The frequency of anemia and hematological profiles at
the time of IBD diagnosis is shown in Table 3.
Anemia was more common among women than
men (64% vs 41.3%, P < 0.001) (Table 4). Severe
anemia (Hb < 10 g/dL) was observed in 21.6% of
patients with CD and 9.8% of patients with UC (P

Statistical analysis

In our current study, variables indicated by census are
presented as percentage distributions, and variables
indicated by measurements are presented as means
and standard deviations. In univariate analyses, Chi
Square and Fisher’s exact test were used to compare the
variables indicated by census. The variables indicated
by measurement were compared by Student’s t-test.
The logistic regression model was used in multivariate
analysis. Values of P < 0.05 were considered significant.
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Table 2 Demographic data of inflammatory bowel disease patients n (%)

n
Age (yr) mean (SD; range)
Sex (male/female)
Disease characteristics
Age at diagnosis (yr)
Location of the disease
L1
L2
L3
L4
Disease behavior
B1
B2
B3
Disease extension
E1
E2
E3
Drugs
SZP/5-ASA
Corticosteroids
Budenoside
AZA / MTX
IFX/ADA
Antibiotic
Surgery

IBD overall

Crohn’s disease

Ulcerative colitis

P value

465
47.1 (14.3; 18-83)
254 (54.6)/211 (45.4)

257 (55.3)
46.2 (13.4; 17-78)
153 (59.5)/104 (40.5)

208 (44.7)
48 (15.3; 12-83)
101 (48.6)/107 (51.4)

0.183
0.019

40.2

39.7

40.7

0.46

122 (48.2)
48 (19)
83 (32.8)
148 (60.9)
40 (16.5)
55 (22.6)
49 (27.5)
73 (41)
56 (31.5)
360 (77.4)
55 (11.8)
17 (3.7)
200 (43)
81 (17.4)
92 (19.8)
70 (15.1)

171 (66.5)
30 (11.7)
15 (5.8)
155 (60.3)
72 (28)
68 (26.5)
60 (23.3)

189 (90.6)
25 (12)
2 (1)
45 (21.6)
9 (4.3)
24 (11.5)
10 (4.8)

< 0.001
0.90
0.005
< 0.001
< 0.001
< 0.001
< 0.001

IBD: Inflammatory bowel disease; L: Disease location (for Crohn’s disease); L1: Ileal disease; L2: Colonic disease; L3: Ileocolonic disease; L4: Upper
gastrointestinal tract disease; B: Disease behavior (for Crohn’s disease); B1: Inflammatory disease; B2: Stricturing disease; B3: Penetrating disease; E:
Disease extension (for ulcerative colitis); E1: Ulcerative proctitis; E2: Left-sided ulcerative colitis; E3: Extensive disease; SZP: Sulphasalazinep; 5-ASA:
5-aminosalicyclate; AZA: Azathiopurine; MTX: Methotrexate; IFX: Infliximab; ADA: Adalimumab.

Table 3 Prevalence of anemia and hematological profile at the time of diagnosis in patients with inflammatory bowel disease n (%)

Anemia
Severe anemia
Hemoglobin (g/dL) mean (SD; range)
Hematocrit (%) mean (SD; range)
MCV (fL) mean (SD; range)
Iron (µg/dL) mean (SD; range)
Ferritin (µg/dL) mean (SD; range)
TS (%) mean (SD; range)
CRP (mg/L) mean (SD; range)
Albumin mean (SD; range)

IBD overall

Crohn’s disease

Ulcerative colitis

P value

240 (51.6)
64 (16.4)
12.3 (2.1; 5.3-17.9)
37.41 (6.1; 10-53)
84.54 (7.7; 57-112)
43.76 (30.3; 4-160)
40.3 (74; 2-754)
15.35 (13; 2-100)
13 (29; 1-289)
4.2 (0.4; 1.9-5.0)

148 (57.6)
47 (21.6)
12.1 (2.2; 5.3-16.8)
36.8 (6.6; 10-52)
84.75 (8.3; 58-112)
43.26 (30.4; 4-126)
48.96 (91; 2-754)
15.14 (12.7; 2-100)
17.1 (32.8; 0-289)
4.1 (0.4; 1.9-4.9)

92 (44.2)
17 (9.8)
12.5 (1.9; 7.1-17.9)
38.16 (5.3; 22-53)
84.28 (7; 57-100)
44.5 (30; 4-160)
27.26 (37; 2-167)
15.67 (12; 2-92)
7.9 (7.93; 1-242)
4.1 (0.4; 2.0-5.0)

0.005
0.002
0.03
0.02
0.46
0.73
0.01
0.9
0.001
0.17

MCV: Mean corpuscular volume; TS: Transferrin saturation; CRP: C reactive protein.

= 0.002). No relationship was found between the
presence of anemia and disease duration (P = 0.55).
IDA was the most common type of anemia (29.9%).
The frequencies of CDA and mixed anemia (IDA +
CDA) were 8% and 3.4%, respectively. In addition,
vitamin B12/folic acid deficiency anemia was observed in
14% of the patients (Figure 1). Moreover, since anemia
parameters were not evaluated during the follow-up of
15.3% of our IBD patients, the etiology of anemia was
not clarified in these patients.

patients is more common among women than men,
regardless of disease type or age. While elevated CRP
levels (> 5 mg/L) are indicative of active disease, CD and
UC patients with CRP levels > 5 mg/L had significantly
higher rates of anemia compared to those with lower
levels of CRP (70.4% vs 45.8% for CD patients, P < 0.001,
and 54.7% vs 36.8% for UC patients, P = 0.006). The
factors related to anemia in IBD are summarized in Table
5. Data from this study indicate that disease type and
duration do not have a significant effect on the frequency
of anemia in CD.
Corticosteroid users had a higher frequency of
anemia than non-users (80% vs 47.8%, P < 0.001).

Factors related to anemia among IBD patients

Results of the current study indicate that anemia in IBD
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Table 4 Evaluation of disease characteristics according to types of anemia in inflammatory bowel disease n (%)

Sex
M
F
P value
Disease duration (yr)
A+
AP value
Disease type
CD
UC
P value
Disease localization
L1
L2
L3
P value
Disease behavior
B1
B2
B3
P value
Disease extension
E1
E2
E3
P value
Corticosteroid use
+
None
P value
AZA/MTX use
+
None
P value
Anti-TNF use
+
None
P value
Surgery
+
None
P value
CRP (mg/L)
<5
>5
P value

Anemia

IDA

CDA

Mixed anemia

B12/Folic acid anemia

Other anemia

105 (41.3)
135 (64)
< 0.001

48 (18.9)
91 (43.1)
< 0.001

18 (7.1)
19 (9)
0.44

8 (3.8)
8 (3.1)
0.7

34 (13.4)
31 (14.6)
0.6

35 (13.8)
36 (17.1)
0.32

6.6
7.1
0.55

6.7
6.9
0.45

6.1
6.9
0.31

5.9
6.9

5.9
7
0.14

6.8
6.9
0.36

148 (57.6)
92 (44.2)
0.004

84 (32.7)
55 (26.4)
0.14

31 (12.1)
6 (2.9)
< 0.001

13 (5.1)
3 (1.4)
0.03

50 (19.4)
15 (7.2)
0.001

39 (15.2)
32 (15.4)
0.95

66 (54.1)
29 (60.4)
50 (60.2)
0.6

34 (27.9)
17 (35.4)
31 (37.3)
0.32

13 (10.7)
8 (16.7)
9 (13.8)
0.51

5 (4.1)
1 (2.1)
6 (7.2)

25 (20.5)
3 (6.3)
22 (26.5)
0.02

19 (15.6)
9 (18.8)
10 (12)
0.56

90 (60.8)
27 (67.5)
26 (47.3)
0.1

53 (35.8)
12 (30)
16 (29.1)
0.59

18 (12.2)
5 (12.5)
8 (14.5)
0.9

8 (5.4)
1 (2.5)
4 (7.3)

23 (15.6)
14 (35)
12 (21.8)
0.02

25 (16.9)
6 (15)
6 (10.9)
0.57

16 (32.7)
32 (48.8)
35 (62.5)
0.008

6 (12.2)
19 (26)
26 (46.4)
< 0.001

1 (2)
2 (2.7)
3 (5.4)

0
2 (2.7)
1 (1.8)

2 (4.1)
6 (8.2)
6 (10.7)

9 (18.4)
12 (16.4)
6 (10.7)
0.51

44 (80)
196 (47.8)
< 0.001

28 (50.9)
111 (27.1)
< 0.001

10 (18.2)
27 (6.6)
0.003

4 (7.3)
12 (2.9)
0.097

15 (27.3)
50 (12.2)
0.003

10 (18.2)
61 (14.9)
0.52

129 (64.5)
111 (41.9)
< 0.001

73 (36.5)
66 (24.5)
0.007

25 (12.5)
12 (4.5)
0.002

11 (5.5)
5 (1.9)
0.03

45 (22.5)
20 (7.5)
< 0.001

36 (18)
35 (13.2)
0.15

56 (69.1)
184 (47.9)
0.001

38 (46.9)
101 (26.3)
< 0.001

13 (16)
24 (6.3)
0.003

7 (8.6)
9 (2.3)
0.01

21 (26)
44 (11.5)
0.002

11 (13.6)
60 (15.6)
0.64

44 (62.9)
196 (49.6)
0.041

23 (32.9)
116 (29.4)
0.55

11 (15.7)
26 (6.6)
0.009

5 (7.19)
11 (2.8)
0.07

15 (21.4)
50 (12.6)
0.55

14 (20)
57 (14.4)
0.23

109 (41.3)
120 (65.6)
0.001

70 (26.5)
63 (34.4)
0.07

7 (2.7)
29 (15.8)
0.001

3 (1.1)
12 (6.6)
0.002

31 (11.8)
30 (16.4)
0.37

29 (11)
39 (21.3)
0.003

M: Male; F: Female; A+: Anemia present; A-: Anemia absent; IBD: Inflammatory bowel disease; L: Disease location (for Crohn’s disease); L1: Ileal disease;
L2: Colonic disease; L3: Ileocolonic disease; L4: Upper gastrointestinal tract disease; B: Disease behavior (for Crohn’s disease); B1: Inflammatory disease;
B2: Stricturing disease; B3: Penetrating disease; E: Disease extension (for ulcerative colitis); E1: Ulcerative proctitis; E2: Left-sided ulcerative colitis; E3:
Extensive disease; SZP: Sulphasalazine; 5-ASA: 5-aminosalicyclate; AZA: Azathiopurine; MTX: Methotrexate; IFX: Infliximab; ADA: Adalimumab.

Further, those using immunomodulator therapy (such
as AZA and MTX) also had higher rates of anemia than
non-users (64.5% vs 41.9%, P < 0.001). Vitamin B12/
folic acid deficiency anemia was the most common type
of anemia in this immunomodulator users group. On
the other hand, anemia rates were significantly higher
among patients who did not use anti-TNF, compared
to those who did use anti-TNF (69.1% vs 30.9%, P =
0.001). Further, those who had undergone previous
surgeries had higher rates of anemia than those who
did not (62.9 % vs 37.1%, P = 0.04).
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In UC patients, left colon involvement and pancolitis
involvement were associated with a higher incidence
of anemia than proctitis involvement. Also in the UC
patients, as disease duration increased, the incidence
of anemia significantly increased (P = 0.008) (Table
4). IDA is significantly more prevalent in UC with pan
colitis involvement compared to other types of disease
involvement (P < 0.001).

Anemia management in patients with IBD

Approximately 50.4% of all of the IBD patients who
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Table 5 Factors associated with anemia by logistic regression in patients with Crohn’s disease and ulcerative colitis at the diagnosis
Odds ratio

95%CI

P value

3.19
3.21
2.28
2.32
2.75

2.07-4.91
1.52-6.80
1.48-3.49
1.30-4.11
1.78-4.24

< 0.001
0.002
< 0.001
0.004
< 0.001

4.10
4.06
2.30
2.34
3.05

2.19-7.68
1.27-12.96
1.26-4.20
1.20-4.53
1.67-5.58

< 0.001
0.018
0.006
0.012
< 0.001

3.12
3.62
2.03
3.79

1.58-6.18
1.22-10.67
0.96-4.26
1.51-9.55

0.001
0.02
0.062
0.005

All IBD patients
Sex (female)
Corticosteroids
AZA/MTX
Anti-TNF (INF/ADA)
Elevated CRP
Crohn’s disease
Sex (female)
Corticosteroids
AZA/MTX
Anti-TNF (INF/ADA)
Elevated CRP
Ulcerative colitis
Sex (female)
Corticosteroids
Elevated CRP
Disease extension

IBD: Inflammatory bowel disease; E: Disease extension (for ulcerative colitis); E1: Ulcerative proctitis; E2: Left-sided ulcerative colitis; E3: Extensive disease;
AZA: Azathiopurine; MTX: Methotrexate; IFX: Infliximab; ADA: Adalimumab.

IBD
Crohn's disease

57.6

UC

51.6

Percent

44.2

29.9

32.7
26.9
19.4
8

12.1
2.9

Anemia

IDA

CDA

15.3 15.2 15.4

14
3.4

5.1

7.2
1.4

Mixed anemia
(IDA + CDA)

B12/folic acid
anemia

Other

Figure 1 Types of anemia seen in inflammatory bowel disease. IBD: Inflammatory bowel disease; IDA: Iron deficiency anemia; CDA: Chronic disease anemia;
UC: Ulcerative colitis.

were diagnosed with anemia received treatment. Of the
patients with IDA, 23% received oral iron therapy and
40.3% received parenteral iron preparations. Of those
with B12/folic acid anemia, 53.3% received B12/folic acid
treatment. None of the patients in the current study
received blood transfusions or were given erythropoiesis
stimulant agents.

patients and 20.2% of UC patients were diagnosed with
[6]
anemia. Another population-based study reported
that among 749 IBD patients, 30% had anemia, and
the rate was higher in CD patients (42%) compared
to UC patients (24%). Another study conducted in
[19]
Spain
revealed a similar incidence of anemia in IBD
(41.2%). Half of the CD patients had anemia, and only
one third of the UC patients were anemic. In a study
[20]
conducted in Turkey , the anemia rate was found to
be 22% in UC and 24% in CD among 398 patients with
IBD. The higher rate of anemia observed repeatedly in
CD may be explained not only by increased bleeding,
but also by additional mechanisms such as systemic
inflammation (which can be more severe in CD) and
decreased iron absorption (due to involvement of the
proximal gastrointestinal tract). However, it is important
to note that some studies have reported no difference
[21]
in anemia rates between IBD sub-types .
In our patient population, the severe anemia (Hb
< 10 g/dL) rate was significantly higher in CD patients

DISCUSSION
Anemia is the most common extraintestinal finding in
IBD. While anemia significantly impairs quality of life,
the majority of IBD patients with anemia are not aware
that some of their symptoms and/or complaints may be
related to their anemia. In our current study, 52% of the
IBD patients had anemia, and the rate of anemia was
higher in CD patients compared to UC patients. These
[4,5,18,19]
results are similar to those of previous studies
. In
their population-based study including 756 patients (235
[18]
CD and 519 UC), Hoivik et al found that 48.8% of CD
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[19]

compared to UC patients. However, Lucendo et al
reported a lower rate of severe anemia, and that the
rate of severe anemia between CD and UC was not
significantly different. Another study conducted in Korea
reported that the anemia rate in UC was 36.3% (similar
to that of Western countries), while the rate in CD
patients was 41.6%; however, the severe anemia rates
[22]
between CD and UC were not significantly different .
While the underlying cause of anemia in IBD patients
is most likely multi-factorial, the most common causes
are IDA and CDA. Multivariate analyses from published
[5,23,24]
studies have repeatedly shown that being female
[18,25]
and disease activity
are the most important deter
mining factors that increase the frequency of anemia in
both UC and CD. Our results are consistent with these
previous studies. The fact that anemia is more common
among young women could be related to blood loss
during menstrual cycles, gestation, and lactation.
In our current study, anemia was detected at a
higher rate in those with active disease (CRP levels
higher than 5 mg/L) than in those without. Moreover,
CRP level is suggested to be the predictive factor for
unresponsiveness to oral iron therapy. Therefore,
intravenous iron therapy is proposed to be the first line
[26]
therapy in active disease . Similar to our current study,
previous reports have shown that the frequency of
anemia increases with increased clinical activity in IBD.
These data are supported by the results of the current
study indicating a high incidence of anemia in patients
taking corticosteroids or immunomodulator treatment
due to active disease. Immune system activation and
disease-related lesions in the gastrointestinal tract have
been shown to contribute to the association between
disease activity and anemia. It should be kept in mind
that anemia is sometimes seen in IBD patients who
are in remission (rate of 18%), and therefore, these
[24]
patients should be evaluated for anemia as well .
Results of the current study revealed no difference
in the frequency of anemia in CD patients with regards
to disease behavior. However, in UC the rate of anemia
was significantly increased in parallel with disease
duration. The increased rate of anemia in the more
extensive disease may be a result of both increased
blood loss and increased burden of inflammation.
Smoking has been shown to have a low risk for
causing anemia in IBD patients. This is due to these
patients often developing compensatory polycythemia
[18,24]
due to increased carbon monoxide consumption
.
Previous studies have reported that while smoking is a
risk factor for anemia in CD, it is a protective factor in
[19]
UC . Our current study did not elucidate the role of
smoking in the development of anemia in IBD patients.
Although it is known that the incidence of anemia is
higher in hospitalized patients than in outpatients, we
could not perform a robust statistical comparison in our
current study due to the low the number of hospitalized
patients. In addition, the current study did not establish
a significant relationship between surgery and frequency
of anemia. It has been reported that the incidence of
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anemia decreases as IBD disease duration progresses.
[5]
However, similar to the study of Koutroubakis et al ,
results of our current study indicate no relationship
between disease duration and anemia.
In our current study, the most common cause of
anemia was IDA. Similar to a previously published
[7]
review , results of our current study reveal that IDA was
more frequent in CD (32%) than in UC (26%). IDA can
develop due to intestinal bleeding, dietary restrictions,
[27]
or malabsorption . Pro-inflammatory cytokines, such
as IL-6 and bone morphogenetic protein, are increased
in the circulation in active IBD. This causes increased
secretion of hepcidin, which is produced in the liver
and responsible for the absorption of iron. Increased
hepcidin levels may cause the degradation of ferroportin
channels, which allow iron to be transferred through
the basolateral membrane of enterocytes, thus causing
malabsorption of iron. In addition, it is known that iron
accumulates in macrophages and monocytes. Basseri
[28]
et al
revealed that hepcidin expression increases in
parallel with increased levels of IL-6 in CD. Concordant
[29]
with this finding, Semrin et al
showed that intestinal
iron absorption is decreased in active CD compared to
patients in remission.
While the diagnosis of IDA is routinely made via low
serum ferritin levels (< 30 ng/mL) as well as a decrease
in the TS and MCV indices, these criteria may not be
valid in IBD patients, since ferritin is an acute phase
reactant. When evaluating IBD patients, TS and disease
activity status should always be considered along with
[25]
ferritin levels . In our current study, no difference was
observed between CD and UC in terms of serum iron
levels and mean TS. However, serum ferritin and CRP
were significantly higher in CD (P = 0.001) (Table 3).
CDA is the second most common type of anemia in
IBD patients. In our current study, CDA was seen a rate
of 8%, while IDA was seen at a rate of 3.4%. In IBD
patients, anemia often develops due to increased levels
of cytokines [e.g., TNF-α, IL-1, interferon (IFN)-γ] and
[30,31]
hepcidin, and decreased levels of erythropoietin
.
IFN-γ is known to inhibit the development of erythroid
progenitor cells and enhance erythrocyte destruction in
[32]
the spleen , while TNF-α causes increased apoptosis
[33]
in the erythroid progenitor leading to anemia .
In CD, vitamin B12 and folic acid deficiency due to
[34]
malabsorption is reported to be 29%-33% . However,
in our current study, this rate was estimated to be
19%. Anemia in CD patients can be caused by dietary
restrictions, malabsorption due to ileal inflammation,
bacterial overgrowth, fistula development, and/or
surgical resection. In UC, vitamin B12 deficiency has
been reported at a rate of 16%, which is lower than that
[34]
reported for CD . According to a study conducted in
Turkey, there is a higher rate of vitamin B12 deficiency in
[35]
CD than UC . In our current study, the rate of anemia
due to vitamin B12 or folic acid deficiency in UC patients
was 7%. The responsible mechanisms in this situation
may include ileal dysfunction following proctocolectomy
and ileal pouch-anal anastomosis, bacterial overgrowth,
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and reduced intestinal transit time .
Anemia may sometimes occur as a side effect of
drugs used for the treatment of IBD. Anemia has been
reported to occur at a rate of 3% per year due to the
[37]
toxic effects of thiopurines on bone marrow . Other
reports indicate that sulfazalazine is rarely associated
with reduced folate absorption, and does not often
[38]
cause anemia due to aplasia or hemolysis . Results of
the current study indicate a 64% anemia rate among
AZA users; this is often due to vitamin B12 and folic acid
deficiency. The combination of IDA and megaloblastic
anemia caused by thiopurines may present as normocytic
[23]
normochromic anemia. Testa et al observed only two
UC patients had autoimmune hemolytic anemia due to
antibody development caused by cross-reaction against
erythrocytes as a result of AZA and INF administration.
In the current study, we found no evidence of drugrelated hemolytic anemia in our patients.
It is recommended that IBD patients with active
inflammation (high inflammatory bio-markers or endo
scopic evidence due to disease activity) be evaluated
for signs of anemia at least once every three months,
while those in remission should be checked every six
months. If the patient has anemia, further tests should
be performed to determine etiology. Regular follow-up
is recommended, as there is a risk of B12 or folic acid
deficiency in patients with small bowel disease or history
[12]
of resection . In our current study, further examinations
were not performed in 15% of patients during follow-up,
and therefore the etiology of anemia in these patients
remains unknown.
Unfortunately, many clinicians still believe in the
concept of asymptomatic anemia, in which anemia in
IBD slowly progresses and may resolve once patients
adapt to low Hb levels. In these cases, anemia is often
not treated until it is severe. Only half of the patients in
our follow-up were treated for anemia, which is better
than the rates of previous studies.
In their 2013 study including gastroenterologists
[8]
from nine European countries, Stein et al reported
that patients with IBD were not adequately monitored
and treated for anemia. The diagnosis of anemia was
made based on Hb levels in 88% of patients, serum
ferritin levels in 75%, and on TS in 25%. Iron deficiency
(ferritin < 30 ng/mL) was detected in 76% of the
patients in that study, and only 28% of them were
prescribed IV iron therapy.
[1]
Danese et al reported that only 33% of IBD
patients with anemia were being treated despite having
been diagnosed. A recent study including 55 German
gastroenterology centers reported that only 43.5% of
IBD patients with anemia were treated, and 56% of
[39]
those had received oral iron therapy . In our current
study, IV iron therapy was prescribed more often than
oral iron therapy.
A sufficient response in the treatment of IDA after
four weeks of treatment is indicated by an increase of
[40]
2 g/dL Hb or a > 30% increase in TS . The target
ferritin level in IV iron therapy is 400 µg/L. Oral iron
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replacement therapy alone is typically only successful
[41]
in cases with mild disease activity and mild anemia .
Due to its low cost and safety, oral iron replacement
therapy is usually used by clinicians as a first line
treatment. However, oral iron therapy has been
associated with some side effects and mucosal injury
events, and therefore the efficacy and tolerability of
[42]
this therapy must be monitored during treatment .
In animal studies, oral and rectal iron administration
has been shown to increase disease activity because
they increase pro-inflammatory cytokines, such as
[43]
IL-1, IL-6, TNF-α, and IFN-α . Therefore, IV iron
therapy is the preferred treatment for IBD patients,
especially those with severe anemia who have had an
inadequate response to oral iron therapy or cannot
[44]
tolerate oral iron therapy . The benefits of IV iron
therapy include quicker improvement of iron deficiency,
quicker alleviation of patients’ complaints, and higher
satisfaction rate from patients. Moreover, it has been
shown that IV-administered iron has no effect on
[45]
disease activity . Since IDA has a tendency to recur
in IBD, maintenance treatment should be continued for
[46]
at least three months . In cases of unresponsiveness
to all types of anemia therapies, the patient should be
[40]
referred to a hematologist .
In IBD patients with anemia, it is of utmost
importance to treat the underlying cause(s) and to
control inflammation. Over time, attacks of inflammation
in IBD lead to decreased iron absorption. In addition,
TNF-α is known to increase bone marrow suppression.
In our current study, there was a lower rate of anemia
among patients undergoing anti-TNF therapy compared
to other treatment groups. Anti-TNF therapy is becoming
an increasingly preferred treatment. These patients had
a lower rate of anemia, which may be related to the fact
that anti-TNF agents suppress adverse effects on bone
marrow, decrease inflammation, and provide effective
mucosal improvement. Similarly, another study reported
that anti-TNF therapy improved anemia by controlling
[47]
inflammation and disease activity in IBD patients .
It has been suggested that anti-TNF therapy regulates
erythropoiesis at various levels. However, some studies
have shown that the prevalence of anemia was higher
in patients treated with anti-TNF agents than those
treated with other drugs (e.g., immunomodulators,
[48]
corticosteroids, aminosalicylates) . The higher
prevalence reported in those studies is associated with
the fact that these drugs (anti-TNF agents) are often
used in patients with increased disease severity.
One of the limitations of our current study is that
it was retrospective. Therefore, we did not have any
information about disease activity or smoking status.
However, since we could not obtain or confirm the
accuracy of the patients’ clinical activity indices, we
utilized CRP levels to interpret disease activity. Moreover,
we could not evaluate the etiology of anemia in 15.3%
of our patients because their anemia parameters were
not evaluated during follow-up. In addition, we did
not separately evaluate the anemia rates of pediatric-
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female) who were newly diagnosed or were being followed-up with in our
hospital. Of these patients, 55.3% were diagnosed with CD and 44.7% with
UC. Approximately fifty-two percent of the IBD patients had anemia. Anemia
frequency was higher in CD than in UC. Anemia was more common among
women than men. Severe anemia was observed in 21.6% of patients with
CD and 9.8% of patients with UC. IDA was the most common type of anemia
(29.9%).
Approximately 50.4% of all of the IBD patients who were diagnosed with
anemia in this study received treatment. Of the patients with IDA, 23% received
oral iron therapy and 40.3% received parenteral iron preparations. Of those
with B12/folic acid anemia, 53.3% received B12/folic acid treatment. None of
the patients in the current study received blood transfusions or were given
erythropoiesis stimulant agents.

onset IBD and adult-onset IBD, and therefore we could
not compare the frequency of anemia between these
groups. Further, we did not evaluate anemia-associated
symptom rates or quality of life in this study. Lastly, the
current study may not represent the general Turkish
patient population as it was conducted with IBD patients
with more severe and problematic conditions who were
being followed at a tertiary referral university hospital.
In conclusion, because almost half of IBD patients
have anemia and anemia causes a multitude of nega
tive effects on patients, its presence should be further
examined, and if necessary treated with regards to
disease activity. It should be kept in mind that the most
common cause of anemia is iron deficiency. Being
female and disease activity are important risk factors in
the development of anemia, and disease involvement
is an additional factor in UC. Treatment rates should
be increased in IBD patients with anemia. To conclude,
anemia should be recognized, investigated, and treated
in IBD patients.

Research conclusions

Since almost half of IBD patients have anemia, and because anemia causes
a multitude of negative effects on patients, its presence should be further
examined, and if necessary, treated with regards to disease activity. It should
be kept in mind that the most common cause of anemia is iron deficiency.
Treatment rates should be increased in IBD patients with anemia.

Research perspectives

Anemia in IBD patients must be monitored throughout active and remissive
disease and treated accordingly.
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AIM
To evaluate the T stage of esophageal squamous
cell carcinoma (ESCC) using preoperative low-dose
esophageal insufflation computed tomography (EICT).

Institutional review board statement: The study was reviewed
and approved by the institutional review boards of the First
Affiliated Hospital of Zhengzhou University.

METHODS
One hundred and twenty ESCC patients confirmed
by surgery or esophagoscopy were divided into three
groups. Groups B and C were injected with 300 mgI/kg
contrast medium for automatic spectral imaging assist

Conflict-of-interest statement: The authors declare no conflicts
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Data sharing statement: No additional data are available.
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(GSI assist), while group A underwent a conventional
120 kVp computed tomography (CT) scan with a 450
mgI/kg contrast medium injection. EICT was performed
in group C. Group A was reconstructed with filtered
back projection, and groups B and C were reconstructed
with 50% adaptive statistical iterative reconstruction.
The contrast-to-noise ratio of lesion-to-mediastinal
adipose tissue and the radiation dose were measured.
Specific imaging features were observed, and T stage
ESCCs were evaluated.

protocol preoperatively optimized for T stage esophageal cancer
- preliminary research experience. World J Gastroenterol 2018;
24(36): 4197-4207 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i36/4197.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i36.4197

INTRODUCTION
Esophageal carcinoma (EC) is a common malignant
tumor of the digestive system. Mortality due to EC is
[1]
approximately 300000 people per year worldwide .
The most common pathology subtype in Asia is
esophageal squamous cell carcinoma (ESCC). As it is
rare for patients to exhibit early symptoms of ESCC,
patients typically receive treatment in the mid- and late
[2]
stages (T3/4, N+ or M1) . The overall five-year survival
rate of progressive ESCC (T3/4 or N+) is only 42%
after surgical resection or preoperative neoadjuvant
[3]
chemotherapy . Identification of the correct T stage of
ESCC by preoperative imaging plays a critical role in the
development, treatment and prognosis of patients.
Endoscopic ultrasonography (EUS) can be used
clinically to determine the infiltration of ESCC and the
possibility of surgical resection. However, the detection
range is limited to centimeters from the center of the
ultrasonic probe without interference or severe stenosis.
[4]
Griffin et al reported that inflammation or fibrous tissue
surrounding ESCC tissue leads to over-staging of the
local T stage. Currently, computed tomography (CT) and
positron emission tomography/computed tomography
(PET/CT) are common methods used to evaluate the
[5-7]
T stage before ESCC treatment . Variations in the
sensitivity and specificity of these common methods
[8,9]
is 27%-67% and 33%-93%, respectively . Some
studies continue to use traditional CT enhancement with
[10]
low spatial and density resolutions. Konieczny et al
asserted that the accuracy of traditional 64-slice CT
enhancement was 34% for EC. The sensitivity and
specificity of CT or PET/CT are approximately 31% and
59% for diagnosis of the T1/2 stage, 60% and 64%
for diagnosis of the T3 stage, and 100% and 4% for
diagnosis of the T4 stage, respectively, which are not
satisfactory.
Conventional CT has limitations for ESCC staging
or restaging after treatment. Esophageal insufflation
CT (EICT) is a method of insufflating air into the
stomach before CT examination, which fully expands
[11]
the esophageal lumen . Diagnosis of the T1 or T2
stage has low accuracy because of the difficulty in
[12,13]
visualizing the esophageal mucosa
. The optimal
monochromatic energy level clearly displays esophageal
lesions and the surrounding adipose infiltration by
effectively improving the image quality and resolution.
The optimal monochromatic energy level can be used
for diagnosis, treatment selection, and therapeutic
monitoring. Hence, we aimed to evaluate the T stage
of ESCC using low-dose spectral insufflation CT, and we

RESULTS
The sensitivity and accuracy of the T1/2 stage were
higher in group C than in groups A and B (sensitivity:
43.75% vs 31.82% and 33.33%; accuracy: 54.29%
vs 46.67% and 52.50%, respectively). With regard to
the T3 stage, the sensitivity and specificity in group C
were higher than those in groups A and B (sensitivity:
56.25% vs 41.17% and 44.44%; specificity: 73.68%
vs 67.86% and 63.64%, respectively). The diagnostic
sensitivity, specificity and accuracy of the T4 stage were
similar among all groups. There were no significant
differences in volume CT dose index [(5.91 ± 2.57)
mGy vs (3.24 ± 1.20) vs (3.65 ± 1.77) mGy], doselength product [(167.10 ± 99.08) mGy•cm vs (113.24
± 54.46) mGy•cm vs (117.98 ± 32.32) mGy•cm] and
effective dose [(2.52 ± 1.39) vs (1.63 ± 0.76) vs (1.73
± 0.44) mSv] among the groups (P > 0.05). However,
groups B and C received similar effective doses but
lower iodine loads than group A [(300 vs 450) mgI/kg].
CONCLUSION
EICT combined with GSI assist allows differential
diagnosis between the T1/2 and T3 stages. The ability
to differentially diagnose the T3 and T4 stages of
medullary ESCC can be improved by quantitatively and
qualitatively analyzing the adipose tissue in front of the
vertebral body.
Key words: Esophageal neoplasms; tomography; tumor
staging
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal insufflation computed tomography
(EICT) is a method of insufflating air into the stomach
before computed tomography examination, which
fully expands the esophageal lumen. The optimal
monochromatic energy level clearly displays esophageal
lesions and surrounding adipose infiltration by means of
effectively improving the image quality and resolution.
Our study demonstrates that EICT combined with GSI
assist technology contributes to better performance
in the differential diagnosis between the T1/2 vs T3
stages and the T3 vs T4 stages in medullary esophageal
cancer.
Zhou Y, Liu D, Hou P, Zha KJ, Wang F, Zhou K, He W, Gao
JB. Low-dose spectral insufflation computed tomography
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discuss the accuracy of this technique for diagnosing the
T stage preoperatively.

ESCC

MATERIALS AND METHODS

120 KVp

GSI assist

Subject enrollment

This study was approved by the Institutional Review
Board. All patients enrolled in this study provided
informed consent.
In this single-institution study, 120 patients with a
biopsy-proven esophageal malignancy who were being
considered for radical treatment and who had already
undergone EUS with a median age of 58 years (range,
48-83 years) were recruited from November 2015 to
August 2017. The patients included 66 males and 54
females, with a median age of 55.4 years (range, 48-83
years). The typical clinical symptoms included vomiting,
progressive dysphagia, intermittent sternal sensation,
hematemesis and a sense of frustration. All patients
considered for radical treatment were staged according
to spectral CT and EUS within 6 wk.
The exclusion criteria included the following: (1)
patients with esophageal cancer undergoing spectral
CT to detect recurrence; (2) patients with a poor
physical condition or a combination of severe heart,
liver or kidney dysfunction; (3) patients with a history
of iodine allergy, making them unsuitable for enhanced
examination; and (4) patients with a history of other
cancers.

Group A

FBP

Non-EICT

450 mgI/kg injection

Group C

ASIR

EICT

300 mgI/kg injection

Figure 1 Study flow chart. ESCC: Esophageal squamous cell carcinoma;
FBP: Filtered back projection; EICT: Esophageal insufflation computed
tomography; ASIR: Adaptive statistical iterative reconstruction.

For group C, a gastric tube was inserted into the
stomach via the nasal cavity 10-15 min before the CT
examination. The depth of insertion was referenced to
the location of the esophageal lesion, and the end of the
tube was fixed near the nostrils. Patients were asked to
press a balloon to fill the stomach with air. Pressure was
maintained between 4-4.67 kPa. Patients were required
to keep their lips tightly closed and to fill the esophagus
as much as possible during the process of filling. The
rest of the parameters were similar to those of group B.

Spectral CT protocol and data acquisition

Patients were divided into three groups that included
45 patients (group A), 40 patients (group B) and 35
patients (group C). Patients were required to fast for
6 h prior to the investigation and were administered
an intramuscular injection of amidoamine (20 mg)
10-15 min before experimental procedures. EUS was
performed using a PHILIP IU22 Color Doppler Diagnostic
Apparatus (Philip, Eindhoven, The Netherlands) with
a 5-10 Hz radical or linear endoscope. Then, a dualphase contrast enhancement spectral spiral CT was
performed with a spectral CT scanner (Discovery CT,
GE Healthcare, Waukesha, WI, United States) from the
thoracic inlet to the bottom of the lungs. The imaging
parameters for group B were as follows: tube voltage:
80 kV and 140 kV with a fast kV-switching technique;
tube current: auto mA with a slice thickness of 5 mm.
Iobitrido (Guerbet, Paris, French), containing 350 mg/mL
of iodine, was injected at a dose of 300 mgI/kg. The
injection rate was calculated as the weight in kilograms
divided by 30 s. A triggering scan was performed when
the CT attenuation of the aortic arch reached the level
of 100 HU. The starting time was 90 s after triggering.
The saline tracer injection rate was similar to that of
the contrast medium. For group A, conventional 120
kVp chest-enhanced CT scanning was performed
with an injection dose of 450 mgI/kg. The remaining
parameters were similar to those of group B.

WJG|www.wjgnet.com

Group B

Qualitative and quantitative analyses

CT images (40-140 keV, monochromatic) were
reconstructed using spectral imaging analysis software
(GE Healthcare, Waukesha, WI, United States). The
50% adaptive statistical iterative reconstruction
(ASIR) algorithm and standard filtered back projection
reconstruction were applied to the decomposition
images of group A and groups B and C, respectively. A
flowchart of the study procedures is shown in Figure 1.

Special CT features observation

Two radiologists (Zha KJ and Zhou Y) with ten
years of experience in CT diagnosis independently
observed and recorded the special features of the CT
images in a blinded and randomized manner using a
dedicated workstation (Advantage Workstation 4.6,
GE Healthcare, Waukesha, WI, United States). In
the case of a discrepancy between interpretations,
a consensus was reached by discussion. The main
observations included enhanced features for ESCC
(layered/unlayered enhancement) and morphological
changes near ESCC tissue (a triangle area in front of
the vertebral body, trachea, bronchus and aorta). A
layered enhanced feature for ESCC was used to clearly
identify the layers of the esophageal wall to effectively
determine infiltration.
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A

B

ESO

> 90°

AO
Triangle area

VB

Figure 2 The morphological features of the triangular area in front of the vertebral body. A: Sketch of the triangular area. The triangular space is surrounded by
the outer esophageal membrane, thoracic aorta and vertebral body. B: The contact arc between the tumor and thoracic aorta is less than 45°; a contact arc of 45-90°
corresponds to suspected invasion, and a contact arc larger than 90° indicates thoracic aorta invasion. VB: Vertebral body.

As described in Figure 2A, the triangular area in
front of the vertebral body is surrounded by the outer
esophageal membrane, the thoracic aorta and the
vertebral body. Under normal circumstances, this area
is filled with adipose tissue; however, when invaded by
ESCC, this area is blurred or disappears. The narrow
space between the anterior wall of the esophagus and
the trachea is connected by loose connective tissue.
When the tracheal bronchus is invaded, the space is
depicted as having an ill-defined boundary or tracheal
bronchus deformation and displacement. In general,
the contact arc between the tumor and the thoracic
aorta is less than 45°, while an arc of 45°-90° indicates
invasion, and an arc larger than 90° indicates thoracic
aorta invasion (Figure 2B).

was calculated by multiplying the DLP by 0.014 (as
recommended by the International Commission on
Radiological Protection (ICRP) for chest CT examinations).

Pathological subtype and T stage

The spectral CT results were compared with the results of
other combined staging investigations, such as EUS and
PET. For unresectable disease, sections were obtained
for histological assessment, additional imaging [PET/CT,
magnetic resonance imaging (MRI)] or clinical course
determination, such as rapidly progressive disease
or response to treatment. For potentially resectable
disease, lesion sections were taken and frozen at the
time of resection when appropriate, and information was
obtained upon subsequent relapse and survival.
The T stage was reported according to the maximum
wall thickness of ESCC tissue using the criteria of the
[10]
classification system by Konieczny et al and Jones
[14]
th
[4,15]
et al , and consistent with the 7 TNM edition
. The
T status for CT diagnosis was defined as follows: the T1
and T2 stages were combined because it was impossible
to differentiate between the esophageal wall layers on
MDCT images. The T1/2 stage was defined as a tumor
wall thickness of at least 5-10 mm without evidence
of mediastinal involvement. The T3 stage was defined
as a tumor wall thickness greater than 10 mm with
mediastinal involvement but no invasion of adjacent
structures. The T4a (invasion of pleura, pericardium and
diaphragm) and T4b (invasion of other structures, e.g.,
aorta, vertebral body and trachea) stages were defined
as a tumor wall thickness greater than 10 mm and
invaded adjacent structures.
The pathological subtype was classified based on
the advanced esophagus cancer pathology classification
criteria of the NCCN guidelines (2017. V3). The
pathological subtypes included medullary type (wall
thickness with symmetry or partial lumen stenosis),
mushroom type (wall thickness similar to a flat mushroom
mass), ulcer type (a larger and deeper ulcer on the surface
of the wall) and narrowing type (narrow and obstructed
lumen with a dilated upper segment).

Subjective imaging evaluation

From the monochromatic images, an analysis was per
formed to obtain the optimal energy level to provide
the best contrast-to-noise ratio (CNR) between ESCC
tissue and surrounding adipose tissue. Selected circular
2
or oval-shaped areas from 70-80 mm were used for the
regions of interest (ROI) measurement, which contained
ESCC tissue and surrounding adipose tissue. The GSI
Viewer software package automatically calculated the
best CNR values from 101 sets of monochromatic
images. The standard deviation (SD) of adipose
tissue inside the mediastinal space at the same level
represents image noise. The ROI was placed in the
region as homogeneously as possible (an average of
three ROIs). CNR was calculated using the following
formula: CNR=(CTESCC-CTadipose)/SDadipose. The normalized
iodine concentration was obtained by dividing the iodine
concentration (IC) for ESCC tissue (ICESCC) by that for the
aorta (ICaorta). The normalized iodine concentration (NIC)
was calculated as NIC = ICESCC/ICaorta.

Radiation dose

The volume CT dose index (CTDIvol, mGy) and doselength product (DLP, mGy•cm) in the dose report were
also recorded. The estimated effective dose (ED, mSv)
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Table 1 Basic clinical characteristics of patients n (%)
Variable
Gender
Male
Female
Age (yr)
Medium
Range
Location
Upper esophagus
Middle esophagus
Lower esophagus
Differentiation degree
High
Medium
Low
Symptom
Progressive dysphagia
Vomiting
Intermittent sternal sensation
Hematemesis and sense of frustration

Group A (n = 45)

Group B (n = 40)

Group C (n = 35)

25 (56)
50 (44)

19 (48)
21 (52)

22 (64)
13 (36)

67
55-82

61
52-79

63
50-81

11 (24)
14 (32)
20 (44)

8 (20)
11 (28)
22 (56)

6 (16)
11 (32)
18 (52)

17 (38)
23 (50)
5 (12)

9 (23)
25 (62)
6 (15)

10 (28)
14 (40)
11 (32)

18 (40)
13 (28)
9 (20)
5 (12)

19 (48)
8 (20)
8 (20)
5 (12)

21 (60)
4 (12)
6 (16)
4 (12)

Statistical analysis

0% for all groups (for the T3 stage). The presentation
of layered enhancement significantly differed between
T1/2 and T3 stage medullary ESCC in group C (P < 0.05)
but not between those stages in groups A and B (P >
0.05), and there was no significant difference between
the T1/2 and T3 stages in the ulcer and mushroom
types (P > 0.05 for all) (Table 2, Figures 3 and 4).

The Statistical Package for the Social Sciences version
19.0 software program (SPSS, Inc., Chicago, IL, United
States) was used for statistical analyses. Quantitative
variables are expressed as the mean ± SD. Paired
t-tests were used to compare age, BMI and radiation
dose among the image reconstruction protocols. Oneway analysis of variance was used to compare objective
image noise. The least significant difference correction
was used for multiple comparisons. The sensitivity,
specificity, positive predictive value, negative predictive
value and accuracy for determining the T stage of
the three groups were calculated, and the positive
predictive value and negative predictive value were
calculated. Inter-observer agreements between the two
radiologists were based on the percentage agreement
and simple Cohen’s kappa statistic. The significance
level for all tests was 5% (two-sided).

Special CT features for T3 and T4 stage differentiation

The optimal monochromatic image with the best CNR
in groups B and C was mainly located at (50.18 ± 2.64)
KeV. The CNRlesion-to-adipose at 50 keV in groups B and C
was higher than that of group A (P < 0.05); however,
there was no significant difference in the CNRlesion-to-adipose
between groups B and C (P < 0.05). In terms of the
morphological change of the triangular area in front of
the vertebral body, the proportion of adipose blur or
disappearance in groups A, B and C was 40%, 30% and
22% (for the T3 stage) and 50%, 57% and 54% (for
the T4 stage) for medullary ESCC, respectively; 25%,
0% and 0% (for the T3 stage) and 0% in all groups (for
the T4 stage) for the ulcer type; and 0% in all groups
(for the T3 and T4 stage) for the mushroom type. There
were no significant differences in morphological changes
between the T3 and T4 stages for medullary type,
ulcerative type and mushroom type ESCC (Table 3).
The quantitative parameters IC and NIC of adipose
tissue in the triangular area in front of the vertebral body
during arterial phase (AP) and venous phase showed
significant differences in their ability to discriminate the
T3 and T4 stages (P < 0.05). The receiver operating
characteristic curve demonstrated that the area under
the curve for NIC was higher than that for IC. When the
threshold of NIC during AP was -0.03, the sensitivity and
specificity for identifying the T3 stage were 83.30% and
83.33%, respectively (Figure 5).
Combined analyses of the morphological features

RESULTS
The basic characteristics of the patients are summarized
in Table 1. No significant differences were found in gender,
tumor location, differentiation, and clinical symptoms
among groups (P < 0.05 for all). The medullary type
comprised the largest proportion in each group, followed
by the mushroom and ulcer types; the narrowing type
corresponded to the smallest proportion.

Special CT features for T1/2 and T3 stage differentiation

The proportions of layered enhancement in medullary
ESCC tissue in groups A, B and C were 33%, 56% and
75% (for the T1/2 stage) and 20%, 20% and 11% (for
the T3 stage), respectively; those for ulcer type were
33%, 0% and 33% (for the T1/2 stage) and 0%, 0%
and 20% (for the T3 stage); and those for mushroom
type were 20%, 0% and 60% (for the T1/2 stage) and
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Table 2 Comparison between esophageal squamous cell carcinoma-enhanced features and pathological T stage
Group
A
Total
B
Total
C

Enhancement
feature

Medullary type

Ulcerative type

Mushroom type

Total

T1/2

T3

T1/2

T3

T1/2

T3

3
6
9
5
4
9
6
2
8

2
8
10
2
8
10
1
8
9

2
6
8
0
2
2
1
2
3

0
4
4
0
5
5
1
4
5

1
4
5
0
4
4
3
2
5

0
3
3
0
3
3
0
2
2

Layered
Unlayered
Layered
Unlayered
Layered
Unlayered

Total

8
31
39
7
26
33
12
20
22

Table 3 Comparisons between morphological changes of the triangular area in front of the vertebral body and pathological T stage
Group
A
Total
B
Total
C

Medullary type
T3
T4

Morphological change of
triangle area in front of
vertebral body
Clear
Blurred or disappeared

6
4
10
7
3
10
7
2
9

Clear
Blurred or disappeared
Clear
Blurred or disappeared

Total

A

Ulcerative type
T3
T4

3
3
6
3
4
7
6
7
13

B

3
1
4
5
0
5
5
0
5

Mushroom type
T3
T4

0
0
0
0
0
0
0
0
0

3
0
3
3
0
3
2
0
2

C

0
0
0
0
0
0
0
0
0

Total
15
8
23
18
7
25
20
9
29

E

D

Figure 3 Typical cases showing the esophageal wall of group A, B and C. A: A sagittal reformatted image obtained via 120 kVp combined with FBP reconstruction
shows unlayered enhanced esophageal cancer in a 53-year old patient (yellow arrow). The esophageal wall appears to be generally thickened over a long distance
but without an enhanced layer. B: Moderately enhanced esophageal cancer in the lower esophagus of a 61-year old patient. The coronal reformatted image obtained
via EICT combined with GSI assist at 50 KeV shows that the lesion appears to protrude into the lumen (yellow arrow). The lumen is filled with air without esophageal
wall shrinkage. C: A 63-year old patient with histopathological T2N0M0. The axial image in the venous phase shows esophageal wall thickening, but it is difficult to
identify layers (yellow arrow). Due to nose or mouth leakage, non-EICT is displayed in the venous phase for this patient. D-F: The same patient as in (C); axial and
sagittal images obtained via EICT combined with GSI assist at 50 KeV show the wall thickness as if a partial mass was present with a moderate enhancement in the
arterial phase (yellow arrow). EICT: Esophageal insufflation computed tomography.

and NIC during AP in the triangular area in front of
the vertebral body highlighted a significant difference
in discriminating T3 and T4 stage medullary ESCC in
groups B and C (P < 0.05), and there were no significant
differences between T3 and T4 stage ulcer and mushroom
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type ESCC (P > 0.05 for all) (Table 4, Figure 6).

T stage comparisons

The sensitivity and accuracy in group C in terms of
diagnosing the T1/2 stage were higher than those in the
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Table 4 Comparison of pathological T stage and combined diagnosis of the triangular area in front of the vertebral body
Group
A
Total
B
Total
C

T stage

Medullary type

Ulcerative type

Mushroom type

Total

T3

T4

T3

T4

T3

T4

6
4
10
8
2
10
6
3
9

1
5
6
1
6
7
2
11
13

3
1
4
5
0
5
5
0
5

0
0
0
0
0
0
0
0
0

3
0
3
3
0
3
2
0
2

0
0
0
0
0
0
0
0
0

T3
T4
T3
T4
T3
T4

Total

A

B

C

D

E

F

13
10
23
17
8
25
15
14
29

Figure 4 Typical cases between T1/2 and T3 stages of esophageal squamous cell carcinoma in group A, B and C. A: An axial image obtained via 120 kVp
combined with FBP reconstruction of a 56-year old patient shows unlayered enhanced wall thickening at the lower esophagus with histopathological T2N0M0. B:
A 62-year old, correctly-staged patient with histopathological T2N0M0ESCC of the middle esophagus. The axial image at 50 KeV obtained by GSI assist depicts
significantly layered enhanced wall thickening, which was regarded as invasion within the submucosal or muscle layer. C: A 58-year old patient with histopathological
T2N0M0; sagittal reformatted image obtained via EICT combined with GSI assist at 50 KeV shows slightly mucosal enhanced wall thickening with an ulcer on the
surface. D: An axial image obtained via 120 kVp combined with FBP reconstruction of a 59-year old patient shows unlayered enhanced wall thickening at the lower
esophagus with histopathological T3N1M0. E: A 55-year old patient with T3N0M0; axial image obtained using GSI assist at 50 KeV shows more obvious enhanced
wall thickening than the image obtained by conventional 120 kVp. F: A 61-year old patient with T3N0M0; EICT combined with GSI assist exhibits unlayered enhanced
esophageal wall thickening surrounding the air-filled lumen. EICT: Esophageal insufflation computed tomography; ESCC: Esophageal squamous cell carcinoma.

other groups. With regard to diagnosing the T3 stage,
the sensitivity and specificity were higher in group C
than in the other groups. The accuracy of diagnosing
the T4 stage between groups was similar (Table 5).
Compared with the pathological results, mucosa
enhancement was identified in 31.82% (7/22), 33.33%
(5/15) and 43.75% (7/16) of cases for T1/2 stage
ESCC in groups A, B and C, respectively; 68.18%
(15/22), 66.67% (10/15) and 56.25% (9/16) of these
cases were upstaged to T3, respectively.
There were 41.17% (7/17), 44.44% (8/18) and
56.25% (9/16) cases with T3 stage ESCC in groups A,
B and C, respectively; 35.29% (6/17), 27.78% (5/18)

WJG|www.wjgnet.com

and 25% (4/16) of these cases were upstaged to the
T4 stage. Four cases were characterized by blurring of
adipose tissue between tumor and adjacent structures,
seven cases showed significant enhancement of the
esophageal layer, three cases had an unclear boundary
mass or ulcer, and 23.53% (4/17), 27.78% (5/18) and
18.75% (3/16) cases were down-staged to T1/2.

Radiation dose

There were no significant differences in CTDIvol [(5.91
± 2.57) mGy vs (3.24 ± 1.20) mGy vs (3.65 ± 1.77)
mGy], DLP [(167.10 ± 99.08) mGy•cm vs (113.24 ±
54.46) mGy•cm vs (117.98 ± 32.32) mGy•cm] and ED
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Table 5 Accuracy of T stage comparisons between groups
Stage
T1/2

T3

T4

Group

n

TP

TN

FP

FN

A
B
C
A
B
C
A
B
C

45
40
35
45
40
35
45
40
35

7
5
7
7
8
9
5
6
11

9
9
7
9
8
5
12
10
7

15
10
9
10
10
7
1
1
2

14
16
12
19
14
14
27
23
15

Sensitivity (%) Specificity (%)
31.82
33.33
43.75
41.17
44.44
56.25
83.33
85.71
84.62

60.87
64.00
63.16
67.86
63.64
73.68
69.23
69.70
68.18

Accuracy (%)

PPV (%)

NPV (%)

46.67
52.50
54.29
57.78
55.00
65.71
71.11
72.50
74.29

43.75
35.71
50.00
43.75
50.00
60.00
29.41
37.50
61.11

48.28
61.54
57.14
65.52
58.33
66.67
96.43
95.83
94.12

TP: True positive; TN: True negative; FP: False positive; FN: False negative; PPV: Positive predictive value; NPV: Negative predictive value.

A

B

1.0

0.8

0.6

ICAP
NICAP
Reference line

0.4

Sensitivity

Sensitivity

0.8

0.2

0.0
0.0

1.0

0.6

ICVP
NICVP
Reference line

0.4

0.2

0.2

0.4

0.6

0.8

0.0
0.0

1.0

1-specificity

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 5 Receiver operating characteristic curves. Graphs showing the sensitivity and specificity of both iodine concentration and normalized iodine concentration
of adipose tissue in the triangular area in front of the vertebral body during the arterial phase and the venous phase for differential diagnosis of T3 and T4 stages. AP:
Arterial phase; VP: Venous phase; IC: Iodine concentration; NIC: Normalized iodine concentration.

[(2.52 ± 1.39) mSv vs (1.63 ± 0.76) mSv vs (1.73 ±
0.44) mSv] among the groups (P > 0.05). However,
groups B and C received similar effective doses but
lower iodine loads than group A [(300 vs 450) mgI/kg].

The esophageal wall is composed of a mucosal
layer, a submucosal layer, a muscle layer and an
outer membrane layer. The infiltration depth of ESCC
determines the T stage. In fact, esophageal wall
thickening observed on CT enhancement is largely
dependent on the pathological classification. We found
that T staging not only depends on the advantages of
imaging techniques, but is also closely connected to
the degree of esophageal lumen filling. In addition,
esophageal wall shrinkage leads to incomplete lumen
filling and makes it difficult to identify layers. In our
study, the proportion of layered enhancement for the
medullary T1/2 and T3 stages increased when we
performed EICT in group C. However, no significant
differences between the T1/2 and T3 stages in the
ulcer and mushroom types were found. We argue that
insufflation CT promotes the ability to identify lesions
located on one side or around the lumen, but limitations
for flat masses or local ulcers remain.
We reported that there were no significant differences
between the T3 and T4 stages in all types of ESCC
when only observing the morphological changes of the
triangular area in front of the vertebral body. We inferred
that the changes in the triangular area in medullary

DISCUSSION
Reducing the radiation dose while maintaining image
[16]
quality has become a key issue in CT research .
Reasonable adjustments of the ASIR-weighted value
with the appropriate reduction in the scanning conditions
[17]
are the main factors for low-dose scanning . As a type
of automatic dynamic real-time radiation dose control
technology, GSI appropriately changes the tube to
compensate for the loss of image contrast by adjusting
[18,19]
the field of view, rotation speed and detector width
.
Our study shows that the CNRs of groups B and C
were superior to the CNR of group A. Thus, GSI assist
combined with ASIR achieved equal or higher image
quality than conventional scanning. Low-dose scanning
[20]
brings benefits to patients with esophageal cancer .
Radiation from multiple follow-ups can be potentially
harmful to patients who receive multiple radiation or
chemotherapy treatments.
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A

B

C

D

Figure 6 Typical cases showing differences between the T3 and T4 stages of esophageal squamous cell carcinoma. A: Image from a 62-year old patient with
T3N0M0 obtained using EICT combined GSI assist shows a clear triangular area in front of the vertebral body. B: IC in the triangle area during the AP was quantified
to be -8.85 μg/cm3, and NIC during the AP was -0.05 μg/cm3. C: An axial image of a 57-year old patient obtained by EICT combined with GSI assist during the AP
shows that the adipose tissue of the triangular area disappeared with suspected tumor invasion. D: IC in the triangle area during the AP was quantified to be -0.62 μg/cm3,
and NIC during the AP was -0.01 μg/cm3. EICT: Esophageal insufflation computed tomography; IC: Iodine concentration; NIC: Normalized iodine concentration; AP:
Arterial phase.

ESCC were affected by the size of the adipose tissue
and connections with adjacent structures. Less adipose
tissue and a close correlation with the triangular area are
sometimes observed as blurring. Combined analysis of
subjective observations and quantitative measurements
revealed significant differences that could be used to
discriminate T3 and T4 stage medullary ESCC in groups
B and C. Hence, the better performance of the combined
analysis in the triangular area was mainly attributed to
the ability of NIC to discern invasion during the AP.
Based on the above analysis, the ability to diagnose
[9,13]
T1-T3 stages is consistent with previous research
. The
accuracy and sensitivity in distinguishing the T4 stage
[13]
were similar to those reported by Cerfolio et al
and
[10]
Konieczny et al , while the specificity was significantly
[10]
higher than that reported by Konieczny et al . Our
study included more T4 stage patients than that of
[10]
Konieczny et al , and, thus, our results may be more
reliable than previous reports. Therefore, our findings
demonstrate the relatively stable ability of our proposed
technique to discriminate peripheral invasion, such as
invasion of the trachea, aorta, muscle and pericardium.
There are several limitations of our study. First, the
small sample size of T4 stage patients likely impacted
the comparison of the diagnostic value in this preliminary
study. Second, incomplete lumen filling associated with
uncertain lesions restricts tumor localization. Third, nose
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or mouth leaks were unavoidable when patients held
their breath for a long period of time. Fourth, there is still
a certain false-positive rate when analyzing the triangular
area in front of the vertebral body. Furthermore, the EICT
process is influenced by the patient’s age and tolerance
coordination. Lastly, other modalities, especially functional
MRI, perform better in displaying the esophagus layer
and distant metastases. Comparisons of EICT with
EUS, MRI and PET-CT will be performed in the future.
As mentioned above, fewer adipose tissue and close
adjacent structural connections are easily misdiagnosed.
The future direction of our research will focus on local
expansion by lumen filling.
In conclusion, GSI optimizes the image contrast,
maintains the radiation dose and reduces the contrast
medium injection dose. EICT combined with GSI assist
promotes differential diagnosis between T1/2 and T3
stage ESCC. The ability to differentially diagnose the T3
and T4 stages in medullary ESCC can be improved by
quantitatively and qualitatively analyzing adipose tissue
in front of the vertebral body.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Conventional computed tomography (CT) has limitations for esophageal cancer
staging or restaging after treatment. Diagnoses of the T1 and T2 stages exhibit
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low accuracy due to difficulty visualizing the esophageal mucosa. The optimal
monochromatic energy level clearly displays esophageal lesions and the
surrounding adipose infiltration by effectively improving the image quality and
resolution.

3

Research motivation

Radiation from multiple follow-ups can be potentially harmful to patients who
receive multiple radiation or chemotherapy treatments. Low-dose scanning
brings benefits to patients with esophageal cancer. GSI combined with ASIR
achieved image quality equal to or greater than that of conventional scanning.

4

5

Research objectives

We aimed to evaluate the T stage of esophageal cancer using low-dose
spectral insufflation CT, and we discuss the accuracy of this technique for
preoperatively diagnosing the T stage.

6

Research methods

One hundred and twenty patients with esophageal cancer were divided into
three groups that included 45 patients (group A underwent conventional
120 kVp CT with 450 mgI/kg contrast medium injection), 40 patients (group
B underwent GSI assist and 300 mgI/kg contrast medium injection) and 35
patients (group C underwent insufflation CT combined GSI assist and 300
mgI/kg contrast medium injection). Specific imaging features were observed,
and the contrast-to-noise ratio of lesion-to-mediastinal adipose tissue was
calculated for qualitative and quantitative T stage evaluation. The radiation dose
was measured in each group.

7

Research results

8

When performed with insufflation CT combined with GSI assist technology,
the ability to present layered enhancement was significantly different for the
identification of T1/2 and T3 stage medullary esophageal cancer. Combined
analyses of the morphological features and normalized iodine concentration
during the arterial phase in the triangular area in front of the vertebral body
highlighted a significant difference in discriminating T3 and T4 stage medullary
esophageal cancer.

9
10

Research conclusions

EUS can be clinically used to determine the infiltration of esophageal cancer
and the possibility of surgical resection. However, the detection range is limited
to centimeters from the center of the ultrasonic probe without interference or
severe stenosis. Currently, CT and PET/CT are common methods used to
evaluate the T stage before esophageal cancer treatment. Hence, we aimed
to evaluate the T stage of esophageal squamous cell carcinoma using lowdose spectral insufflation CT, and we discuss the accuracy of this technique
for preoperatively diagnosing the T stage. We propose the new idea that the T
stage for esophageal cancer can be assessed quantitatively and qualitatively
methods using low-dose spectral CT scanning. We found that insufflation CT
combined GSI assist technology allows a differential diagnosis between the
T1/2 and T3 stages. The ability to differentially diagnose the T3 and T4 stages
in medullary esophageal cancer can be improved by analyzing the adipose
tissue in front of the vertebral body.

11

12

13

Research perspectives

Nose or mouth leaks are unavoidable when patients hold their breath for a long
period of time. Furthermore, the process of insufflation CT is influenced by the
patient’s age and ability to tolerate the procedures. The future direction of our
research will focus on local expansion by lumen filling.

14
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Interstitial lung and liver disease (ILLD) is caused by
biallelic mutations in the methionyl-tRNA synthetase
(MARS ) gene. To date, no genetic changes other than
missense variants were reported in the literature. Here,
we report a five-month old female infant with typical
ILLD (failure to thrive, developmental delay, jaundice,
diffuse interstitial lung disease, hepatomegaly with
severe steatosis, anemia, and thrombocytosis) showing
novel phenotypes such as kidney stones, acetabular
dysplasia, prolonged fever, and extreme leukocytosis.
Whole exome sequencing revealed a novel truncating
variant (c.2158C>T/p.Gln720Stop) together with a
novel tri-nucleotide insertion (c.893_894insTCG that
caused the insertion of an arginine at amino acid
position 299) in the MARS gene.
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failure to thrive, developmental delay, jaundice, and
dark urine. She was born full-term with a normal birth
weight (3100 g) after an uncomplicated first pregnancy
and vaginal delivery. Weight gain and developmental
milestones were normal until three months of age
(weighted 6000 g), when she failed to thrive with a
body weight of 5700 g at the age of 5 mo without the
ability of rolling over.
At in-patient admission, this patient was 5.2 mo
nd
old with a body weight of 5500 g (2 percentile by
WHO standards), length of 55 cm (lower than the
st
1 percentile), and head circumference of 39 cm
nd
(2 percentile). This infant had prolonged low-grade
fever, pulmonary effusion, diffuse interstitial lung
disease, significant leukocytosis, high procalcitonin
(PCT)/CRP levels, and required nasal oxygen therapy.
Serial chest X-rays showed some improvement in
pulmonary effusion, but no improvement in interstitial
lung involvement (Figure 1A). After serial antibiotic
treatments (ceftriaxone, cefoperazone + slubactam,
meropenem, norvancomycin, and fluconazole), body
temperature was normalized, oxygen therapy was no
longer needed, and leukocytosis improved, however
the interstitial lung disease stayed the same. After
treatment with ursodeoxycholic acid and fat-soluble
vitamins, cholestasis improved significantly (Table 1).
The patient was discharged with normal oxygen
saturation on room air without apparent respiratory
distress or cough. A liver function test and complete
blood count were normal at a 9.5 mo follow-up.
However, the infant was admitted to a provincial level
pediatric intensive care unit for acute respiratory
distress at 11 mo of age and received mechanical
ventilation. Despite treatment, she died of respiratory
failure and hypoxic encephalopathy.
A genetic cause was suspected due to multiple
system involvement, although a liver panel consisting
of 41 genes (Table 2) related to liver diseases came
back negative. Lysosomal storage disease was
considered, but an enzyme panel for the screening of
common lysosomal storage diseases was normal, as
was the urine acidoglycoprotein level. This patient was
enrolled for the undiagnosed disease patient program
in our hospital, and whole exome sequencing was
ordered. Compound heterozygous MARS gene variants,
c.2158C>T/p.Gln720Stop and c.893_894insTCG/
p.Arg299dup, were detected. Presence of these
mutations was confirmed with Sanger sequencing,
and parental origins were ascertained. Both variants
were not reported in the dbSNP137 (http://www. ncbi.
nlm.nih.gov/snp/), 1000 Genome Database (http://
www.1000genomes.org/), and Exome Variant Server
(http://evs.gs.washington.edu/EVS/). The c.2158C>T
mutation was inherited from the healthy mother, which
caused the change of a glutamine amino acid at position
720 to a stop codon, which was predicted to be diseasecausing by MutationTaster (http://www.mutationtaster.
org). The tri-nucleotide insertion (c.893_894insTCG)

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previously reported cases of interstitial lung
and liver disease (ILLD) were associated with biallelic
missense mutations in the methionyl-tRNA synthetase
(MARS ) gene. Here, we report a Chinese infant with
typical ILLD (failure to thrive, developmental delay,
interstitial lung disease, cholestasis, hepatomegaly,
steatosis, anemia, and thrombocytosis) with novel
phenotypes, such as kidney stones, acetabular
dysplasia, prolonged fever, and extreme leukocytosis.
Whole exome sequencing revealed a novel truncating
variant (c.2158C>T/p.Gln720Stop), and a novel trinucleotide insertion (c.893_894insTCG) in the MARS
gene. Despite the resolution of cholestasis, this patient
died of respiratory failure at the age of 11 mo.
Abuduxikuer K, Feng JY, Lu Y, Xie XB, Chen L, Wang JS.
Novel methionyl-tRNA synthetase gene variants/phenotypes
in interstitial lung and liver disease: A case report and review
of literature. World J Gastroenterol 2018; 24(36): 4208-4216
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i36/4208.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i36.4208

INTRODUCTION
The methionyl-tRNA synthetase (MARS) gene encodes
cytoplasmic methionyl-tRNA synthetase (MetRS)
responsible for catalyzing the ligation of methionine to
[1]
tRNA . MetRS belongs to a family of aminoacyl-tRNA
synthetases that play critical roles in protein biosynthesis
[2]
by charging tRNAs with their cognate amino acids .
Interstitial lung and liver disease (ILLD) (OMIM#615486)
is caused by homozygous or compound heterozygous
mutations in the MARS gene (156560) on chromosome
[3-5]
12q13 . Heterozygous MARS mutations have been
reported to be associated with autosomal dominant
[6-9]
Charcot-Marie-Tooth disease (CMT) . The same MARS
[10]
mutation may cause both ILLD and CMT . MARS is
also a candidate gene for hereditary spastic paraplegias
[11]
(HSPs), a neuro-degenerative motor neuron disorder .
To date, no genetic changes other than missense
variants have been reported in the literature. Here,
we report a Chinese infant with lethal ILLD showing
novel phenotypes such as kidney stones, acetabular
dysplasia, prolonged fever, and extreme leukocytosis.
Whole exome sequencing revealed a novel truncating
variant together with a novel tri-nucleotide insertion in
the MARS gene.

CASE REPORT
A five-month old female infant was presented with a
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Table 1 Changes in complete blood count, procalcitonin, serum biochemistry, and blood coagulation profiles
1

2

Age (mo) ( in-patient admission; discharge to out-patient follow-up)
Complete blood
count (reference
range)

9

White blood cell (4-10 × 10 /L)
Neutrophil (20%-50%)
Lymphocyte (45%-75%)
Abnormal lymphocytes (0%)
Platelet count (100-300 × 109/L)
Hemoglobin (110-160 g/L)
Red blood cell count (4.0-5.5 × 1012 /L)
Reticulocyte (0.5%-1.5%)
C-reactive protein (< 8 mg/L)
Procalcitonin (< 0.05 ng/mL)
Serum
Albumin (35-55 g/L)
Alanine aminotransferase (0-40 IU/L)
biochemistry
Aspartate aminotransferase (0-40 IU/L)
(reference range)
Total bilirubin (5.1-17.1 µmol/L)
Direct bilirubin (0-6 µmol/L)
γ-glutamyl transferase (7-50 IU/L)
Total bile acid (0-10 µmol/L)
Alkaline phosphatase (42-383 IU/L)
Blood glucose (3.9-5.8 mmol/L)
Lactic acid (0-2 mmol/L)
Ammonia (10-47 µmol/L)
Total cholesterol (3.1-5.2 mmol/L)
LDL-cholesterol (1.30-3.90 mmol/L)
HDL-cholesterol (0.91-2.05 mmol/L)
Triglyceride (0.56-1.70 mmol/L)
Blood
Activated partial thromboplastin time (28.0-44.5 s)
D-dimer (0-0.3 mg/L)
coagulation
Fibrinogen (2-4 g/L)
profiles
Fibrinogen degradation products (0-5 µg/ML)
(reference range)
Thrombin time (14-21 s)
International normalized ratio (0.8-1.2)
Prothrombin time (12.0-14.8 s)
Prothrombin time activity (80%-100%)

1

2

5.1

5.6

6

6.2

6.5

6.8

7

7.2

9.5

16.9
58.1
36.2
NA
764.0
78.0
3.5
NA
1.0
NA
29.0
41.0
100.0
68.0
53.0
73.0
NA
307.0
NA
NA
NA
3.1
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

21.1
39.8
53.1
0.0
513.0
85.2
3.1
2.9
8.0
4.6
34.6
45.0
104.0
120.4
76.9
61.0
182.8
137.0
1.2
3.9
88.0
2.0
NA
NA
2.0
48.1
0.94
1.45
1.31
20.4
NA
NA
NA

71.7
58.0
31.1
0.0
993.0
78.2
2.8
6.7
90.0
17.4
27.3
17.0
46.0
133.0
93.7
76.0
123.3
149.0
1.6
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

26.4
63.1
28.7
NA
464
60.1
2.0
NA
32.0
7.7
30.8
13.0
37.0
132.9
96.1
58.0
152.4
119.0
8.4
3.6
NA
2.3
1.0
0.3
2.7
57.5
2.06
1.82
5.22
19.1
1.29
16
67

33.7
62.0
28.9
0.0
387.0
64.0
2.0
6.3
43.0
13.4
32.3
4.0
66.0
126.8
86.6
54.0
137.2
122.0
1.1
3.6
NA
2.5
NA
NA
2.1
56.4
1.15
2.29
2.35
19.9
1.26
15.7
69

45.8
63.0
15.0
17.0
494.0
65.2
2.2
7.8
37.0
NA
28.7
50.0
98.0
110.6
70.4
57.0
157.4
148.0
NA
NA
NA
NA
NA
NA
NA
53.9
0.97
2.54
2.78
19.9
1.35
16.5
63

30.3
62.7
29.5
0.0
279.0
90.0
2.9
3.3
45.0
NA
38.5
49.0
70.0
90.1
61.8
107.0
311.7
178.0
NA
NA
NA
2.8
NA
NA
2.1
47.7
0.7
3.03
1.47
15.8
1.3
16.1
66

24.3
64.4
27.8
0.0
397
88.0
2.9
6.8
8.0
NA
39.1
38.0
62.0
42.9
29.8
230.0
282.3
214.0
3.6
NA
55.0
4.4
NA
NA
1.8
42.3
0.51
3.46
1.16
18.4
1.03
13.5
95

14.3
38.9
51.4
NA
386.0
122.0
4.3
1.0
8.0
NA
43.0
29.0
41.0
8.1
4.4
122.0
34.6
378.0
NA
NA
NA
3.1
NA
NA
1.5
43.8
NA
3.44
NA
15.2
0.99
13.1
103

NA: Not available.

inherited from her healthy father caused the insertion
of a single amino acid (arginine) at position 299, which
was predicted to be disease-causing by MutationTaster
(Figure 2A). The detailed genetic testing results and
secondary findings are provided in Table 2.
Liver biopsy results showed severe steatosis of
hepatic cells with ballooning, lobular disarray, and
cholestasis. Mild changes, such as fibrosis, lymphocyte
infiltration, and bile duct proliferation, were seen within
the portal region. Hepatic iron deposition was seen
after iron staining, but copper staining was negative
(Figure 1C). Sinosoids and Kupffer cells seemed
normal. Immunohistochemical staining for hepatitis B
surface antigen, core antigen, Epstein-Barr virus, and
langerin cells were negative. Immunohistochemical
staining for cholestasis-related proteins, such as BSEP,
MDR3, MRP2, TJP2, and MYO5B, were all normal.
After genetic diagnosis, we used a rabbit anti-MARS
monoclonal antibody (purchased from http://www.
abcam.cn, product code: ab180497) to perform
immunohistochemical staining on paraffin-embedded
liver biopsy samples. When compared to a normal liver
sample (donated for liver transplantation), coarsely
granular pigments within the cytoplasm were seen in

WJG|www.wjgnet.com

the index patient sample.
Ultrasound examination revealed marked hepato
megaly (liver 4 cm below the right costal margin, and
5 cm below the xiphoid process) and reduced hepatic
echogenicity. Hyper-echoic lesions consistent with
stone formation were seen on both kidneys. Abdominal
computed tomography scans showed hepatic steatosis
and hyper-echoic lesions suggestive of kidney stones in
the left kidney but not in the right kidney (Figure 1B).
X-ray imaging of the skull was normal, as were the long
bones of both arms and legs. X-ray imaging also picked
up abnormally shallow hip sockets on both sides, which
is suggestive of acetabular dysplasia or congenital hip
dysplasia (Figure 1B). Other diagnostic evaluations are
provided in Table 3.

DISCUSSION
MetRS is one of 20 ubiquitously expressed enzymes
essential for protein biosynthesis, and covalently links
methionine with its cognate tRNA. Since initial reports
[3]
[6]
of MARS gene mutations causing ILLD and CMT in
[4,5,10]
2013, a total of 34 cases of ILLD
and eight cases of
[7-10]
CMT
have been reported.
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NM_000488

NM_003235

NM_206933

SERPINC1

TG

USH2A

c.234C> G
c.1729A>G

Variant

c.2021T>C
c.3477C>T
c.3744C>A
Charcot-Marie-Tooth disease, axonal,
c.2158C>T
type 2U (AD); Interstitial lung and liver c.893_894insTCG
disease (AR)
Cholestasis, benign recurrent,
c.2021T>C
intrahepatic (AR); cholestasis,
intrahepatic, of pregnancy, 1 (AD);
cholestasis, progressive familial
intrahepatic 1 (AR)
CPT deficiency, hepatic, type IA (AR)
c.1163+5G>A
Leigh syndrome, French-Canadian type
c.2965C>T
(AR)
Ichthyosis vulgaris (AD); (Dermatitis,
c.5841G>A
atopic, susceptibility to, 2)
Hemolytic anemia, G6PD deficient
c.241C>T
(favism) (XLD); (Resistance to malaria
due to G6PD deficiency)
Muscular dystrophyc.794G>A
dystroglycanopathy (congenital
with brain and eye anomalies), type
A, 3 (AR); Muscular dystrophydystroglycanopathy (congenital
with mental retardation), type
B, 3 (AR); Muscular dystrophydystroglycanopathy (limb-girdle), type
C, 3 (AR); Retinitis pigmentosa 76 (AR)
Thrombophilia due to antithrombin III
c.719A>G
deficiency (AD/AR)
Thyroid dyshormonogenesis 3
c.5791A>G
(AR); (autoimmune thyroid disease,
susceptibility to, 3)
Retinitis pigmentosa 39; Usher
c.8559-2A>G
syndrome type 2A (AR)

Cholestasis, benign recurrent,
intrahepatic (AR); cholestasis,
intrahepatic, of pregnancy, 1 (AD);
cholestasis, progressive familial
intrahepatic 1 (AR)

Associated conditions (Inheritance
patterns) in OMIM

-

p.Ile1931Val

p.Asn240Ser

p.Arg265His

p.Arg81Cys

p.Trp1947Stop

p.Arg989Cys

p. Met674Thr

p. Met674Thr
Synonymous
Synonymous
p.Gln720Stop
p.Arg299dup

p.His78Gln
p.Ile577Val

Amino-acid
change

Het

Het

Het

Het

Het

Het

Het
Het

Het

Het
Het
Het
Het
Het

Het
Het

Hom/Het

Paternal

Paternal

Maternal

Maternal

Maternal

Maternal

Maternal
Maternal

Paternal

NA
NA
NA
Maternal
Paternal

NA
NA

Parental origin

Disease causing

Polymorphism

Polymorphism

Disease causing

Disease causing

Disease causing

Disease causing
Disease causing

polymorphism

Polymorphism
Polymorphism
Polymorphism
Disease causing
Disease causing

Mutation taster
Polymorphism
Polymorphism

NA

Tolerated

Tolerated

Damaging

Damaging

NA

NA
Damaging

Tolerated

Tolerated
Tolerated
Tolerated
NA
NA

NA

Neutral

Neutral

Deleterious

Deleterious

NA

NA
Deleterious

Neutral

Neutral
Neutral
Neutral
NA
Deleterious

Prediction of pathogenicity
SIFT
Provean
Tolerated
Neutral
Tolerated
Neutral

NA

Benign

Benign

Probably
damaging

Benign

NA
Probably
damaging
NA

Benign

Polyphen2
Benign
Possibly
damaging
Benign
NA
NA
NA
NA

Genes included in liver panel: ATP8B1, ABCB11, ABCB4, TJP2, BAAT, CLDN1, HSD3B7, AKR1D1, CYP7B1, AMACR, CYP27A1, DHCR7, JAG1, NOTCH2, SLC25A13, DGUOK, MPV17, FAH, ABCC2, UGT1A1, NPC1, NPC2, GALT,
GALE, ALDOA, ALDOB, KRT18, KRT8, CIRH1A, CFTR, GFDM1, EARS2, HSD17B4, LIPA, PEX1, PEX5, POU1F1, HESX1, SERPINA1, VIPAS39, and VPS33B. NA: Not available.

1

NM_002106

FLG

NM_017739

NM_001876
NM_133259

CPT1A
LRPPRC

POMGNT1

NM_005603

ATP8B1

NM_00104251

NM_004990

MARS

Whole exome
sequencing

G6PD

NM _005603

Transcript ID

ATP8B1

Gene

Liver Panel1

Genetic Tests

Table 2 Genetic testing results
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A

1

2

3

4

B

1

2

3

4

C

1 (× 100)

6 (× 200)

2 (× 200)

7 (× 200)

3 (× 400)

8 (× 400)

4 (× 400)

9 (× 400)

5 (× 100)

10 (× 400)

Figure 1 Imaging and histopathological features. A: Contrast enhanced pulmonary CT scan (1-3), and chest X-ray (4) showing pulmonary effusion with marked
interstitial lung involvement; B: Hyper-echoic lesions consistent with stone formation on ultrasonography (arrows; 1, right kidney; 2, left kidney) and non-contrast
abdominal computed tomography scan (arrow, 3). Acetabular dysplasia (4, arrowhead showing abnormally shallow hip socket); C: Liver biopsy (all originally magnified
principal images): severe steatosis of hepatic cells with ballooning, lobular disarray, and cholestasis (1-4), mild fibrosis (5), mild lymphocyte infiltration (4), bile duct
proliferation (6 CK-7, 7 CK-19), and hepatic iron deposition (8). MARS immunohistochemistry staining, coarsely granular pigments within the cytoplasm in the index
patient (9), but not in samples of a healthy control (10). MARS: Methionyl-tRNA synthetase gene.

Similar to previous reports, the patient in our
case showed a failure to thrive, developmental delay,
interstitial lung disease, liver involvement (hepatomegaly,
cholestasis, hepatic steatosis, fibrosis, and iron
deposition), anemia, and thrombocytosis. An active
proliferation of bone marrow cells has been reported
[5]
by Sun et al . Our patient had marked leukocytosis
9
(white blood cell count up to 71.7 × 10 /L), and a bone
marrow biopsy showed extreme proliferation of bone
marrow cells with few hemophagocytic cells. MetRS
is also a component of a cytoplasmic multiaminoacyltRNA synthetase complex with multiple roles in immune
[12,13]
response, inflammation, and tumorigenesis
.
Prolonged low-grade fever, leukocytosis, thrombocytosis,
and elevated c-reactive protein in this patient responded
to intensive antibiotic treatment, and could be viewed as
an exaggerated inflammatory or immune response to
infection. Unlike previous reports of an arrest in red blood
[3,5]
cell maturity , a bone marrow biopsy from this patient
showed marked proliferation of normal erythrocyte
precursors.
[3]
While aminoaciduria has been reported , kidney
stones have never been reported to be associated with
a MARS mutation. No evidence of urinary tract infection,
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proteinuria, or organic aciduria was found in our case,
and serum electrolytes with urea and creatinine were
essentially normal. An evaluation of urinary citrate,
calcium, and 24 h urine output in future ILLD cases
might be necessary in order to rule out factors that
[14]
promote renal stone formation . Mutations in genes
encoding mitochondrial seryl-tRNA synthetases have
[15,16]
been reported to cause renal damage
, but no
association of cytoplasmic aminoacyl-tRNA synthetases,
including MARS, have been reported. Since previously
reported mutations were all non-synonymous in nature,
severe mutations (such as a truncation or single amino
acid insertion as in our case) may have caused some
renal impairment leading to stone formation.
No skeletal abnormality has been reported, with the
[5]
exception of two ILLD cases with delayed bone age .
Our case had marked acetabular dysplasia consistent
with developmental hip dysplasia. Other than being
[17]
female, this infant did not have other risk factors ,
such as breach presentation upon delivery, local
infection, or trauma. Whole exome sequencing did not
reveal abnormalities in previously reported susceptible
genes such as GDF5, TBX4, ASPN, IL-6, TGF-b1, and
[18]
[19]
PAPPA2 . Hip dysplasia is associated with CMT ,
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Figure 2 Genetic testing results, protein features, and distribution of reported variants within the methionyl-tRNA synthetase protein. A: Sanger sequencing
confirmation of the index case and parents, both variants affect highly conserved amino acid residues of the MetRS protein; B: Illustration of MetRS protein domains,
location of amino acid changes of the reported variants so far. 1Variants from our report; 2Variants from Chinese ILLD cases. MetRS: Methionyl-tRNA synthetase; ILLD:
Interstitial lung and liver disease.

and the rate of hip dysplasia among children with CMT
[20]
[11]
ranges from 6% to 8.1% . Novarino et al reported
four cases of HSPs with compound heterozygous
variants of the MARS gene in a family with infantile
onset delayed motor milestones and disabilities upon
crawling/walking. Two cases had bilateral Achilles
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contracture, one had scoliosis, but none had hip-joint
[10]
abnormalities. A recent report of an ILLD case with a
p.Arg618Cys variant was also associated with CMT in a
[6]
previous report , indicating ILLD and CMT may share a
similar disease-causing mechanism. All reported cases
of CMT, ILLD, and HSPs associated with the MARS gene
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Table 3 Diagnostic evaluation of the patient with a methionyl-tRNA synthetase mutation
Etiological assessment
Infections

Radiology, endoscopy, and
histopathology

Immunology

Biochemical, metabolic and endocrine
profiling

Genetic disorders

Investigations performed (normal unless otherwise indicated)
Serum procalcitonin levels (significantly elevated, Table 1);
Serology for Hepatitis B, C, HIV, syphilis, EBV, CMV, HSV, toxoplasmin, and rubella virus;
PCR for CMV; beta-d-glucan assay; galactomannan assay; T-Spot.TB test;
Cerebrospinal fluid analysis for white blood cell count, protein, and glucose level;
Complete blood count: anemia, elevated WBC and C-reactive protein (Table 1);
Culture for blood, urine, sputum, alveolar lavage fluid, and cerebrospinal fluid;
Sputum and alveolar lavage fluid for mycoplasma/chlamydia DNA detection;
Sputum and alveolar lavage fluid for detection of respiratory syncytial virus, adenovirus, influenza virus, and
para-influenza virus antigens;
Alveolar lavage fluid smear for fungus detection
Multiple chest X-rays and a contrast-enhanced computed tomography scan of the lung (alveolar effusions with
severe interstitial lung disease) (Figure 1);
Abdominal ultrasonography and CT scan (hepatomegaly, liver steatosis, kidney stones) (Figure 1);
Bronchoscopy (chronic inflammatory changes in bronchiolar mucosa);
X-ray imaging of the skull; CT scan of adrenal gland;
X-ray imaging of long bones: (abnormally shallow hip socket that is suggestive of acetabular dysplasia or
congenital hip dysplasia) (Figure 1);
Liver biopsy (severe steatosis of hepatic cells with ballooning, lobular disarrays; mild changes, such as
cholestasis, fibrosis, lymphocyte infiltration, Iron deposition, and bile duct proliferation);
Bone marrow aspirate (extreme proliferation of bone marrow cells with few hemophagocytic cells); peripheral
blood smear
Immunoglobulin levels (after IVIG therapy at local hospital): elevated IgG (20.2 g/L, normal range 3.7-8.3
g/L), IgM (1.47 g/L, normal range 0.33-1.25 g/L), and IgA (0.63 g/L, normal range 0.14-0.5) levels; normal IgE,
complement 4, and complement 3 levels;
Neutrophil oxidative burst activity, and lymphocyte subpopulations;
Autoimmune antibodies
Glucose profiling (hypoglycemia); slightly elevated serum lactate (Table 1);
Liver function test: cholestasis, hypoalbuminemia, abnormal blood coagulation profiles (Table 1);
Creatine kinase, lactate dehydrogenase;
Serum amino acids (proline 1803 µmol/L, normal range: 165-700 µmol/L; threonine 171 μmol/L, normal
range: 17-90 µmol/L) and acyl-carnitine profile; urine organic acids (including succinylacetone); Urine
acidoglycoprotein (51.98 mg/mmol creatinine, normal range: 59.70-78.52 mg/mmol creatinine).
Low levels of total serum cholesterol, HDL and LDL cholesterol (Table 1).
Serum cortisol level; thyroid function test (total triiodothyronine 52.6 ng/dL, normal range: 70-220 ng/dL)
Ophthalmology, electrocardiology, and echocardiogram (patent foramen ovale, 2.6 mm)
White blood cell lysosomal enzyme screening for GM1 gangliosidosis, GM2 gangliosidosis, Sandhoff disease,
Krabbe leukodystrophy, Gaucher disease, Fabry disease, Pompe disease, metachromatic leukodystrophy,
Nieman-Pick disease, neuronal ceroid lipofuscinoses (1 and 2), mucopolysaccharidosis (type I-VII, IX),
muculipidosis (type II and III).
Liver panel including 41 genes known to cause liver diseases, and trio whole exome sequencing (Table 2).

had missense mutations. Our case had a truncating
mutation and an insertion of a single amino acid.
Severe mutations may have been responsible for the
hip dysplasia, which could be an early manifestation of
CMT in this patient.
The c.2158C>T/p.Gln720Stop, which was inherited
from the mother, caused the glutamine amino acid
change at position 720, leading to a stop codon at a wellconserved α-helix bundle domain (anti-codon binding
domain) of the methionyl-tRNA synthetase protein.
The tri-nucleotide insertion (c.893_894insTCG) with
paternal origin caused the insertion of a single amino
acid (arginine) at position 299 in the Rossmann fold
domain (catalysis center). Nine out of 12 ILLD variants
reported so far affected an amino acid in the Rossmann
fold domain (Figure 2B). Arg299 is adjacent to the
active methionine-binding site of human MetRS, which
is surrounded by the amino acid residues Arg12, Leu13,
[21]
Pro14, Thr257, Gly259, Tyr260, Asn297, and His301 .
All eight mutations from European ILLD cases were
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located in the Rossmann fold of the MARS protein.
However, only one out of four mutations from Chinese
cases carried mutations in the Rossmann fold domain,
and the location of mutations among Chinese ILLD
cases was significantly different from that of European
ILLD cases (Fisher's exact = 0.018) (Figure 2B). Our
case also suggested that severe mutations may lead to
more organ/system involvement and severe outcomes.
In vivo yeast complementation assays were used
to predict the effects of MARS variants, including
[6]
[10]
1852C>T/p.Arg618Cys , c.920A>G/p.Tyr307Cys
[10]
and 1852C>T/p.Arg618Cys
. The in vitro
aminoacylation assay with HEK293 cells was used to
confirm the effects of c.1108T>C/p.Phe370Leu, and
[3]
c.1568T>C/p.Ile523Thr MARS variants . The effects
of c.1031A>G/p.Tyr344Cys, c.1177G>A/p.Ala393Thr,
c.1700C>T/p.Ser567Leu and c.1814A>T/p.Asp605Val
were studied using the in vitro yeast aminoacylation
[4]
[22]
assay , and later by Comisso et al
using the E.
Coli-based aminoacylation assay. Further functional
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associated with ILLD.

studies are needed to confirm the effects of variants
in our case, as well as variants reported by others
[7]
(c.2398C>A/p.Pro800Thr , c.433G>A/p.Asp145Asn
[5]
and c.2405T>C/p.Phe802Ser ). Besides previously
used methods, one may consider the use of animal
models such as Drosophila and C. elegans to predict
the pathogenicity of other aminoacyl-tRNA synthetase
[23]
mutations .
There is currently no cure for ILLD, and thus
treatment is only supportive. Provided that in vitro
enzyme activity may partly be restored by increasing
[22]
methionine , methionine supplementation could be
considered in studies of animal models, or possibly
even in humans. However, plasma levels of methionine
and its toxic product homocysteine should be closely
monitored.
In conclusion, truncation and insertion variants
in the MARS gene may cause ILLD, and phenotypes
of ILLD may also include kidney stones, acetabular
dysplasia, prolonged fever, and extreme leukocytosis.

Term explanation

ILLD is interstitial lung and liver disease caused by homozygous or compound
heterozygous mutations in the MARS gene. Typical findings in ILLD include
failure to thrive, developmental delay, interstitial lung disease, liver involvement
(hepatomegaly, cholestasis, hepatic steatosis, fibrosis, and iron deposition),
anemia, and thrombocytosis.

Experiences and lessons

Regardless of race or ethnicity, ILLD should be considered in all patients with
chronic liver diseases showing progressive interstitial lung involvement. Severe
mutations may lead to more organ/system involvement and severe outcomes.
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The brain-gut axis serves as the bidirectional connection
between the gut microbiome, the intestinal barrier
and the immune system that might be relevant for
the pathophysiology of inflammatory demyelinating
diseases. People with multiple sclerosis have been shown
to have an altered microbiome, increased intestinal
permeability and changes in bile acid metabolism.
Experimental evidence suggests that these changes can
lead to profound alterations of peripheral and central
nervous system immune regulation. Besides being of
pathophysiological interest, the brain-gut axis could also
open new avenues of therapeutic targets. Modification of
the microbiome, the use of probiotics, fecal microbiota
transplantation, supplementation with bile acids and
intestinal barrier enhancers are all promising candidates.
Hopefully, pre-clinical studies and clinical trials will soon
yield significant results.
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Core tip: Many studies suggest that the brain-gut
connection can contribute to our knowledge of the
pathophysiology of neurological conditions. Recent
evidence suggests that people with multiple sclerosis
have changes in their gut microbiome, their intestinal
barrier and even in the metabolism of bile acids. All of
these represent relevant therapeutic targets that could
feasibly be addressed by pre-clinical and clinical studies.
This knowledge acquired in the bench might soon be
translated to the bedside.
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by complex analyses at the taxa, phylum and species
levels, and a myriad of microbes have been implicated.
For example, studies have found a significant depletion
[15,19]
[20]
[21]
in clostridial species
, Butyricimonas , Roseburia
[22]
and an increase in Streptococcus , Methanobrevibacter,
[14,20]
Akkermansia and Coprococcus
.
However, there are some limitations to these studies.
The methods used to analyze the microbiome have been
heterogeneous, with most (but not all) studies using a
variation of 16S sequencing. There are differences in
sample processing, DNA extraction, choice of primers,
databases and hyper-variable regions analyzed across
studies. Furthermore, close to two thirds of patients
with MS have gastrointestinal symptoms such as consti
pation, dyspepsia and other functional gastrointestinal
[23]
disorders , and many of these have been also
[24]
associated with an altered gut microbiota . Studies so
far have not properly accounted for these symptoms
or other relevant variables such as diet. An ongoing
International MS Microbiome study aims to define a
[3]
“core microbiome” . It might shine some light into this
complicated field.
Nonetheless, there is mounting experimental evidence
that the gut microbiome may play a role in MS patho
physiology and human studies suggest that patients
have a different microbiome compared to controls. Of
course, the true significance of the results obtained so far
is unclear, considering that there has often been a failure
to replicate microbiome animal studies in humans. But
the next question that comes to mind is whether this can
also constitute a relevant therapeutic target. Although this
appears to be the case in experimental models, translation
to clinical practice may prove challenging.
Modifying the microbiome through medications, possi
bly antibiotics, could be the simplest method, but several
issues arise that question the feasibility of this approach.
Targeting specific commensals might prove difficult and
requires appropriate identification of these targets. The
case of minocycline is an interesting example. Recently
shown to delay the occurrence of a second demyelinating
[25]
event in patients with a clinically isolated syndrome ,
minocycline is an antibiotic known to alter the gut mi
[26]
crobiome . Whether this is an additional mechanism of
action remains unknown; it is noteworthy that the initial
rationale for testing minocycline in early MS is based on
[27]
its various immune-modifying properties . On the other
hand, there is also evidence that MS disease modifying
[26]
therapies (DMTs) may alter the microbiome directly ,
and indeed, it also appears that a multitude of other
medications such as antidepressants, antipsychotics
[28]
and immune modulators may also do so . Issues such
as the generation of resistant strains are also worthy of
consideration.
Probiotics are a popular option but there are various
issues with their practical implementation. Probiotics do
not modify the host microbiome in a robust and persistent
manner, although they are purported to be able to
influence gut immunity and homeostasis. Despite success
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INTRODUCTION
Clinical and preclinical studies have shown bidirectional
interactions within the brain-gut axis and the gut
microbiome, the intestinal barrier and the immune
system, both in health and disease. These complex
interactions might be relevant for the pathophysiology
of inflammatory demyelinating diseases, and in par
ticular, multiple sclerosis, where much interest has been
placed in the recent literature.

THE GUT MICROBIOME
Much interest has been placed recently on the possible
role of the gut microbiome in multiple sclerosis (MS)
pathophysiology. Many review articles on this subject
[1-3]
have recently been published , perhaps more than
original research articles that actually characterize the
gut microbiome in patients with MS. This research is in
keeping with the essential role that the gut microbiome
has in regulating the development of the immune
[4]
system . This area of research has also been the subject
[5,6]
of recent symposia in international MS conferences .
Much of the experimental evidence is derived from
studies using the experimental autoimmune encepha
lomyelitis (EAE) mouse model of MS. Modifying the gut
microbiota with either antibiotic cocktails or probiotics
leads to EAE attenuation as well as a multitude of
[7-9]
regulatory immune responses . Animals bred in germfree conditions are resistant to EAE induction and show
[10,11]
an attenuated immunological response
, an effect
[11]
lost when mice are repopulated with gut commensals .
In recent intriguing experiments, transgenic mice prone
to spontaneous brain autoimmunity developed severe
disease when transplanted with fecal microbiota from MS
patients, as opposed to mice that received fecal microbiota
[12]
from healthy matching twins . Germ-free mice receiving
similar transplants also developed severe EAE, while
[13]
showing altered peripheral immune responses .
From studies attempting to characterize the compo
sition of the microbiome, it is clear there are some
differences in people with MS compared to controls.
People with relapsing-remitting MS (RRMS) have an
abundance of Anaerostipes, Faecalibacterium, Pseu
domonas, Mycoplasma, Haemophilus, Blautia, and
Dorea and a relative decrease of Bacteroides, Prevotella,
[14-16]
Parabacteroides and Adlercreutzia
. In pediatric
MS, patients have higher levels of members of Desulfo
vibrionaceae and depletion in Lachnospiraceae and
[17,18]
Ruminococcaceae
. Issues are further complicated
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[29,30]

in showing a benefit for probiotics in animal models
,
there are only a handful of clinical trials in MS. Results
have been preliminary, with some modest beneficial
trends in clinical variables and some biochemical markers
[31-33]
of changes in peripheral immune function
. However,
they have included very small numbers of patients and
the duration of these trials have been too short to shed
any light onto clinically meaningful outcomes. There are
many barriers to be overcome, such as selecting the
appropriate formulation, dose and study design. There is
also a lesson to be learned from the multiple clinical trials
in inflammatory bowel disease (IBD), where despite a
wealth of available studies (although heterogeneous in
design and quality), the evidence supporting their clinical
[34,35]
use is limited to carefully selected subpopulations
.
Fecal microbiota transplantation (FMT) would constitute
the optimal strategy to modify the gut microbiome. It
has proven to be remarkably effective in managing c.
difficile colitis, and isolated case reports describe beneficial
effects over MS disease course, through mechanisms that
[36,37]
[38]
remain unclear
. A clinical trial of FMT is underway ,
but even before its completion, many questions arise. It
is unclear which population should be studied and what
characterizes an ideal donor, not to mention the dose,
route of administration and dose scheduling (single dose
vs multiple doses). Patient with c. diff colitis who undergo
FMT have been previously treated with antibiotics such as
vancomycin and metronidazole, and presumably, have
had some of their microbiota depleted. Would patients
with MS require “ablation” of their microbiome before
FMT? DMTs have immune modulating properties and they
[26]
may also directly alter the microbiome , so their possible
effects on the “engraftment” cannot be underestimated.

finding; up to 70% of MS patients had increased intestinal
[42]
permeability . It has been hypothesized that an altered
intestinal barrier might lead to bacterial translocation
thus allowing the passage of noxious molecules such
as microbial associated molecular patterns. This could
then alter peripheral immune responses or allow these
[26,43]
molecules to enter the CNS and alter neuroimmunity
.
Although the evidence linking the intestinal barrier
with MS is much more limited than evidence linking MS
with alterations of the gut microbiome, the question of
whether it constitutes a viable therapeutic target is the
same. Of course, the issue is complicated by the fact that
the microbiome is essential in the regulation of intestinal
barrier function, so it could be arbitrary to think of them
as separate entities. An altered intestinal barrier is also
a crucial aspect of the pathophysiology of IBD and celiac
disease, so research from these fields has shed light on
possible strategies to maintain intestinal barrier integrity.
One of the first components of the intestinal barrier
is a thick mucus layer forming a protective film, enriched
by secretory IgA and antimicrobial peptides and proteins.
Oral supplementation with lecithin and phosphatidylcholine
can adhere to the intestinal mucosa, strengthening
[44-46]
the mucus layer and improving barrier function
.
Regulators of tight junctions, such as larazotide, are under
development. Larazotide is a peptide able to re-arrange
tight junctions and prevent intestinal barrier dysfunction.
It has been studied in patients with celiac disease with
[47-49]
promising results
. Designing pre-clinical studies
using these methods to enhance barrier function in the
setting of autoimmune neurological disease should be
straightforward.
Although probiotics may not be the ideal method
to modify the microbiome, they have been suggested
to play a significant role in modulating barrier function.
E. coli strain nissle has been marketed in Europe for
many years as a probiotic with beneficial effects on the
[50]
intestinal barrier . It has moderate evidence from
randomized trials showing it may lead to remission in
[51]
ulcerative colitis and in the EAE mouse model of MS it
reduced disease severity by maintaining intestinal barrier
[40]
function . VSL#3 is another probiotic mixture with
[52]
putative barrier-protecting properties . There is evidence
of clinical effectiveness in the management of chronic
[35,53]
pouchitis in patients with ulcerative colitis
. VSL#3
administered to a small number of MS patients leads to an
[33]
anti-inflammatory peripheral immune response . These
two probiotic agents would be good candidates for a large,
well-designed clinical trial.
Finally, we go full circle and return to FMT. It is believed
that after successful modification of the microbiome,
this strategy might lead to improved intestinal barrier
[54]
function . The gut microbiome is essential for the
[55]
regulation of intestinal barrier homeostasis , partly
through the production of short chain fatty acids (SCFA)
such as butyrate, propionate and acetate. SCFAs can
modulate tight junctions in the gut and modulate inflam
[44,55]
matory responses in the intestinal mucosa
. Other
interesting alternatives have also recently been described

THE INTESTINAL BARRIER
The intestinal barrier is the physical and functional zone
of interaction between the gut microbiome and the
organism. It is a complex multi-layered structure that
includes major portions of the gut immunological system
[26]
and is essential for homeostasis . However, it has been
comparatively ignored regarding its possible role in MS
pathophysiology.
In experimental models, mice undergoing EAE show an
altered intestinal barrier, with increased permeability and
various gross morphological changes, as well as alterations
in the expression of tight junction proteins in the intestinal
[39]
mucosa . The peak of intestinal barrier dysfunction
mirrors the peak of EAE clinical severity and preventing
[40]
intestinal barrier breakdown leads to attenuation of EAE .
These alterations have also been associated with several
abnormal immunological responses.
Patients with MS also have an altered intestinal barrier.
Almost 2 decades ago, investigators found that patients
with MS had increased intestinal permeability when
compared to controls, using an in vivo mannitol/lactulose
[41]
ratio test . Increased intestinal permeability was also
found to be associated with the number of peripheral
[41]
CD45RO+ B cells . A more recent study confirmed this
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Figure 1 Alterations in intestinal homeostasis described in multiple sclerosis as therapeutic targets. Altered bile acid metabolism, altered microbiota and
alterations in intestinal barrier function all lead to local and systemic alterations in immune responses that could negatively impact MS pathophysiology (grey squares).
Bile acid supplementation, fecal microbiota transplantation, probiotics, antibiotics and barrier protectors are all possible therapeutic interventions (blue squares). MS:
Multiple sclerosis; FMT: Fecal microbiota transplantation; PC: Paneth cells; EC: Epithelial cells; TJ: Tight junctions; L: Lymphocytes.

including the use of stool substitute preparations made
from purified intestinal bacterial cultures derived from
[56]
a single healthy donor . Of course, many questions
would need to be settled before clinical trials as discussed
above.

the management of some gastrointestinal diseases for
decades. A clinical trial of bile acid supplementation in MS
[65]
is underway .

CONCLUSION
Exciting research suggests that the brain-gut axis, once
an almost esoteric concept, might yield novel therapeutic
targets in neuroimmunological diseases such as MS (Figure
1). The often-symbiotic roles of the gut microbiome,
intestinal barrier and even bile acids in the regulation of
neuroimmune responses is beginning to be elucidated. If
future pre-clinical and clinical studies confirm the relevance
of intestinal barrier dysfunction, bile acid metabolism and
the gut microbiome in the pathophysiology of MS, the next
step will be to translate these findings into therapeutics.
Only well designed clinical trials will answer whether
interventions such as FMT, probiotics or barrier protectors
yield clinically meaningful results. The time is right to
assess whether the gut-brain axis can be transferred from
the bench to the bedside.

BILE ACIDS
Bile acids are the main regulators of fat and fat-soluble
vitamins digestion. They also significantly affect gut
physiology and homeostasis. Bile acids can modulate
the intestinal barrier function through complex mecha
[57,58]
nisms
, and can shape the gut microbiota commu
nity. In turn, the microbiome can change bile acid me
[59]
tabolism . Remarkably, bile acids may also modulate
inflammatory signaling in the central nervous system.
Ursodeoxycholic acid can inhibit the inflammatory activity
[60]
of microglia in vitro , and tauroursodeoxycholic acid can
shift microglia phenotypes towards an anti-inflammatory
state through activation of the G protein-coupled bile acid
[61]
receptor 1/Takeda G protein-coupled receptor 5 . Bile
acids are also agonists of the nuclear hormone receptor
farnesoid X receptor. Bile acid farnesoid X agonism led to
attenuation of EAE and modulation of neuroinflammatory
[62]
responses . Mice fed a high-fat diet show dysregulated
bile acid synthesis, gut dysbiosis and increased microg
[63]
lial activation . Furthermore, metabolomics studies
have found alterations in bile acids in patients with
[64]
MS compared to healthy controls . Conjugated bile
acids such as ursodeoxycholic acid have been used in
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Latin America, a region with a population greater than
600000000 individuals, is well known due to its wide
geographic, socio-cultural and economic heterogeneity.
Access to health care remains as the main barrier
that challenges routine screening, early diagnosis
and proper treatment of hepatocellular carcinoma
(HCC). Therefore, identification of population at risk,
implementation of surveillance programs and access
to curative treatments has been poorly obtained in
the region. Different retrospective cohort studies from
the region have shown flaws in the implementation
process of routine surveillance and early HCC diagnosis.
Furthermore, adherence to clinical practice guidelines
recommendations assessed in two studies from Brazil
and Argentina demonstrated that there is also room
for improvement in this field, similarly than the one
observed in Europe and the United States. In summary,
Latin America shares difficulties in HCC decision-making
processes similar to those from developed countries.
However, a transversal limitation in the region is
the poor access to health care with the consequent
limitation to standard treatments for overall population.
Specifically, universal health care access to the different
World Health Organization levels is crucial, including
improvement in research, education and continuous
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medical training in order to expand knowledge and
generation of data promoting a continuous improvement
in the care of HCC patients.

insurances and providers. Furthermore, expenditure on
access care in many Latin American countries comes
from out-of-pocket money among high to middle
income people. On the other hand, among low socioeconomic classes, expenditure comes purely and
exclusively from public services, which in most of the
cases provide with low to regular quality of medical care
services and shortage of appropriate medical supplies
and devices.

Key words: Latin America; Liver cancer; Limitations;
Challenge
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Which are the implications in regard to clinical
decision making processes related to hepatocellular
carcinoma (HCC) in daily practice in Latin America?
Should we consider making these decisions taking into
account both, local experiences and their feasibility
together with the best available evidence in parallel
with patient preferences? These decision-making
processes must be individualized according to local
barriers to health care systems. Primary prevention
programs of liver diseases, surveillance for HCC and
intervention programs following the best evidence will
be possible only if we are aware of local barriers and
develop efficient strategies to overcome them.

WHERE DO WE STAND IN
LATIN AMERICA REGARDING
HEPATOCELLULAR CARCINOMA?
Hepatocellular carcinoma (HCC) is the second leading
cause of cancer related death worldwide and the main
cause of cancer in patients with cirrhosis. Incidence of
HCC varies according to geographic location, depending
on the prevalence of viral hepatitis among the world.
The predominant reported causes of HCC in different
geographic areas around the world have been related
with chronic hepatitis C virus (HCV) or hepatitis B virus
[2-5]
(HBV) infection and alcoholic liver disease . Hete
rogeneous data regarding epidemiology of HCC in Latin
[6-12]
America has been reported
. While HCV and alcoholic
liver disease are the most frequent etiologies of HCC in
the region, HBV is a leading cause in some countries,
mainly in Brazil. More recently, we have observed a
changing epidemiological trend of HCC towards an
increasing non-alcoholic fatty liver disease, becoming an
[6,7]
important public health burden in the region .
As previously proposed by the World Health
Organization the structural challenge in the region is the
uneven access to health care. To our knowledge there
is not even one country with an integrated program
to assist on the prevention of chronic liver diseases
and early identification of the population at risk for
developing HCC. Consequently, the common challenge
for scientific societies is to induce regional policy
makers to develop interventions and strategies able to
identify the population at risk, implement surveillance
programs, and improve access to curative and palliative
treatments. Once we have assured access to adequate
care we should move into next step which is the correct
adherence to recommendations from clinical practice
[2-5]
guidelines .

Piñero F, Poniachik J, Ridruejo E, Silva M. Hepatocellular
carcinoma in Latin America: Diagnosis and treatment challenges.
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URL: http://www.wjgnet.com/1007-9327/full/v24/i37/4224.htm
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INTRODUCTION
Latin American comprises a region of the Americas
of Latin origin, in which the most common speaking
languages are Spanish and Portuguese. The region
accounts for more than twenty million square kilometers
of surface area, with more than six hundred million
population. Due to its geographic extension, Latin
America has a great socio-cultural heterogeneity and an
important socio-economic difference among countries.
While there are high earners like Chile and Uruguay with
a gross domestic product (GDP) per capita over $20000,
others like Haiti and Honduras have GDPs per capita
[1]
lower than $ 5000 . At the same time, each country in
itself is highly unequal, presenting some of the highest
Globalization of Inequality (GINI) scores in the world.
Brazil, Chile, Ecuador and Colombia all present GINIs
above 0.45 for the year 2016; Argentina and Uruguay
[1]
having slightly better scores . In comparison, Sweden,
Norway, Netherlands and Denmark all have GINI scores
[1]
less than 0.30 .
It is in this socio-cultural and economic scenario,
where settles a large variety in access to health care
systems in the region. These systems are mainly made
up of a common payer and provider that is the state.
However, in several countries, there are other type of
health providers through social security and private

WJG|www.wjgnet.com

A clinical case scenario as an example of where do we
fail in Latin America

The following clinical case demonstrates the regional
shortcomings related to HCC diagnosis at late stages and
its therapeutic consequences. A 60-year-old male patient
with compensated cirrhosis and clinically significant portal
hypertension due to chronic HCV infection, who started
antiviral treatment with direct-acting antiviral agents,
began an erratic path of ultrasound (US) screening for
HCC. Surveillance was performed by non-liver expert
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Table 1 Surveillance for hepatocellular carcinoma in Latin America
Study

Population

Design

Fassio et al[8]

n = 240 HCC Brazil, Arg, Colombia,
Chile, Uruguay, Venezuela

Prospective cohort (Surveillance
retrospectively analyzed)

Paranaguá-Vezozzo et al[9]

n = 884 Cirrhosis Child A-B Brazil,
Sao Paulo

Piñero et al[10]

n = 643 Cirrhosis, waiting list for
liver transplantation. Argentina

Campos Appel-da-Silva et al[11]

n = 453 Child A-C Cirrhosis Brazil,
Porto Alegre

Debes et al[12]

n = 1336 HCC Brazil, Argentina,
Colombia, Peru, Uruguay, Ecuador

Results

54% under surveillance; BCLC A 70%
vs 39% not under surveillance; No
survival analysis
Retrospective cohort US ± AFP HCC annual incidence 2.9%; 75% under
annual
annual surveillance; 80% within Milan,
better survival
Retrospective cohort Surveillance
US accuracy: S 33% and E 99%
Failure = incidental HCC in the
explant
Retrospective cohort US ± AFP
50.7% under surveillance; More BCLC
every 6 mo
0-A vs no screening; Better survival
within Milan criteria
Retrospective cohort
47% under surveillance; Better survival
vs symptomatic diagnosis (adjusted for
lead-time bias)

BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; US: Ultrasound.

sonographers due to insurance’s related lack of access to
academic sites. Initially a 24-mm nodule was visualized
and he was recommended to stay on a follow-up visit
with no further imaging evaluation. Twelve months
later, another US was performed; this time the nodule
grew to 38 mm. He performed an abdominal computed
tomography (CT) scan with oral contrast only, and the
finding of an “uncharacteristic” nodule leaded to a CTguided biopsy. The pathologic report was “nodules of
hepatocellular regeneration separated by broad fibrous
septa, cirrhosis”. Result: No cancer. His physician
suggested him to continue life normally and the patient
happily went home.
A year later, a liver specialist suggested him to
perform an abdominal CT scan with intravenous contrast.
A heterogeneous 80-mm diameter lesion in the right
hepatic lobe with “non-characteristic findings” was
observed. Not satisfied, the patient looked for a second
opinion. A second hepatologist performed a threephase dynamic abdominal magnetic resonance imaging
(MRI). Result: One lesion with arterial enhancement and
wash out during portal and late phases: HCC of 83 mm,
without vascular invasion. Serum alpha-fetoprotein value
was 1200 ng/mL.
In the end, the patient consulted at least 4 medical
doctors during a 2-year period, with extended and
inadmissible delay in HCC diagnosis that at this point
will probably exclude him from potentially curative
treatments. Where did we fail?

ineffective application of routine surveillance (semi-annual
ultrasound performed by expert operators) and third,
errors in interpretation of a positive or negative screening
tests, misinterpreting its sensitivity and specificity.
Surveillance for HCC in Latin America demands
a continuous improvement. Different retrospective
cohort studies have shown flaws in the implementation
process of routine surveillance, the consequent failure
in the diagnosis in early stages and finally a notorious
[8-12]
negative impact upon patient survival
(Table 1).
Overall, surveillance programs reported to be applied
in less than 50% of the patients in Latin America. This
number perhaps does not show the “real” regional
situation, since most of this data came from academic
rather than general hospitals. Consequently, screening
failure for HCC in this region might be even greater,
demanding strategies to improve its implementation
such as application of US done by experts, correct
interpretation of imaging tests and finally, adequacy of
therapeutic decisions according to the best evidencebased-medicine. Consequently, early HCC diagnosis
should be the aim of these strategies.
As exemplified in the clinical case, the misuse of
diagnostic tools delays the correct diagnosis. HCC
diagnosis implies an appropriate oncologic imaging
paradigm, not requiring histological confirmation for
diagnosis in most of the cases. However, discordance
between images and histology may occur. This situation
has been reported up to 10% in Argentina when
comparing imaging reports and explanted liver data
[13,14]
from liver transplanted patients
. In a multicenter
Latin American cohort study, false positives cases were
[15]
less than 3% . Two different situations need to be
further clarified when discussing imaging accuracy
against histological confirmation of HCC. On one
hand, when false positives are considered, it should be
important to address if complete necrotic nodules were
included as false positive cases resulting in a biased
report. On the other hand, discrepancy between images

Early diagnosis of HCC: Challenges and areas of
improvement

This case, clearly illustrates some of the reasons for
failure in routine surveillance and HCC diagnosis at early
stages in Latin America, and as a consequence, failure
in the appropriate staging and selection of therapies.
Screening failure entails three important points to be
considered. First, absence of early identification of the
population at risk, such as chronic HBV or HCV. Second,
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Table 2 Adherence to clinical practice guidelines around the world and in Latin America
Study

Population

Leoni et al[20]
Gashin et al[21]
Kim et al[22]

n = 227 HCV 58% Child A 54%
n = 137 HCV 62%
n = 3515 HBV 77% Child A 82%

Wallace et al[23]

n = 292 OH-HCV 65%

Guarino et al[24]

n = 1008 HCV Child A 73%

Kikuchi et al[25]

n = 364 HBV 53% Child A 53%

Piñero et al[26]

n = 708 HCV 58% Child A 54%

Design

Results

Retrospective cohort (2005-2010) One
At HCC diagnosis: BCLC 0-A 55%; Adherence to
center
BCLC 60%; Higher adherence among BCLC A 86%
Retrospective cohort (2009-2010) One
Adherence to BCLC 62%; Better overall survival;
center
Heterogeneous causes of non-adherence
Retrospective cohort (2005-2009) One At HCC diagnosis: BCLC A 59%; Adherence to BCLC
center
49%; Better survival for adherence, except BCLC-D
(BCLC D who were transplanted were considered
“non-adherence”)
Retrospective cohort (2006-2014) One
At HCC diagnosis: BCLC 0-A 64%; Adherence to
center
BCLC 48% vs HKLC 56% (P.001); No better survival
among BCLC adherence vs no-adherence but better
survival among HKLC (TACE before transplant was
considered “no-adherence”)
Retrospective cohort (2013-2015)
At HCC diagnosis: BCLC 0-A 59%; Adherence BCLC
Multicenter study
71%, lower in BCLC B 36% and C 46%; No better
survival (TACE before transplant was considered
“no-adherence”)
Retrospective cohort (2010-2012) One At HCC diagnosis: BCLC A 36%; Adherence BCLC
center
52%; Lower adherence in BCLC C-D; No better
survival, except in BCLC A (BCLC D who were
transplanted were considered “non-adherence”)
Dual cohort (2009-2016) Multicenter At HCC diagnosis: BCLC 0-A 47%; Adherence BCLC
study
53% initial, 63% subsequently; Adherence to BCLC:
better survival HR 0.67 (CI: 0.52-0.87)

BCLC: Barcelona Clinic Liver Cancer; HKLC: Hong Kong Liver Cancer algorithm; HCV: Hepatitis C virus; HBV: Hepatitis B virus; TACE: Transarterial
chemoembolization.

The BRIDGE study demonstrated the great hete
rogeneity in terms of the treatments performed world
wide at each stage and far from that recommended
[19]
in the ideal situation . Global and individual context
makes therapeutic decisions in HCC heterogeneous
in real life. Adherence to clinical practice guidelines
recommendations varies between 40%-70% in different
[20-26]
retrospective cohort studies
. Two Latin American
studies evaluated adherence to BCLC and its impact on
survival. In a study from Brazil, adherence to BCLC did
[25]
not have a favorable impact on survival . However,
there was a selection bias when “non-adherence” was
categorized in those patients within BCLC-D stage who
were candidates for liver transplantation. Precisely, the
BCLC clarifies in its footnote that these patients must
be transplanted. In a dual cohort study in Argentina,
adherence to BCLC was greater than 50%, being
[26]
associated with better overall survival (Table 2).
In summary, although Latin America shares some
difficulties in HCC decision-making processes similar
to those reported in some developed countries, we still
have big gaps when compared to them. These gaps are
seen in medical education, on early and accurate HCC
diagnosis, and in universal access to good diagnostic
technology and to curative treatments. Until they are
corrected, discrepancy on HCC related survival would
remain present.

and explanted liver should be considered taking into
account potential tumor progression, and locoregional
response to treatments during the waiting list period.
Nevertheless this led to changes in diagnostic criteria
for HCC in patients enrolled for liver transplantation
in Argentina aimed to improve imaging diagnostic
accuracy. Although the idea was novel, LIRADS criteria
implementation leaded even to a greater uncertainty for
those cases where HCC diagnosis is probable or possible
(LIRADS 3 or 4). Moreover, imaging expert’s agreement
on LIRADS in the daily practice has been not assessed
at all. Thus, LIRADS system seemed to make the clinical
decision making process even more complex in daily
[16,17]
practice in that country
.

Challenges regarding staging and adherence to
recommended treatment options from clinical practice
guidelines

HCC staging considering the Barcelona Clinic Liver
Cancer (BCLC) algorithm has been recommended in
[3,4]
different clinical practice guidelines , including that
from the Latin American Association for the Study of
[3]
the Liver (ALEH) . However, strict adherence to these
therapeutic recommendations is often not feasible in daily
practice. This does not contradict the BCLC algorithm,
since its explicitly recommends that the therapeutic
choice must be individualized considering feasibility,
[18]
access and preferences of the patients . In addition,
there are different guidelines and recommendations,
[5]
including those from Asia (APASL) , Japan and South
Korea. Consequently, there is a wide range of treatment
algorithms when considering HCC.

WJG|www.wjgnet.com

PERSPECTIVE
Consequently, we shall make decisions considering
local education, expertise and feasibility together with
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Hepatocellular carcinoma
"challenges en LATAM"

5
Screening failure: What can we improve?
Earlier identification of the population at risk for HCC
Surveillances programs: US local and experts

6
Diagnostic failure
Correct imaging method indication
Correct and precise imaging evaluation
Re-evaluation if unclear diagnosis

7

Failure in therapeutic decisions
Correct treatment individualization
Evidence-based-medicine approach
Scientific rational: Adherence to clinical practice guidelines

Figure 1 Areas of improvement regarding hepatocellular carcinoma in
Latin America. HCC: Hepatocellular carcinoma.
8

the best available evidence. Ultimately, this decision[27]
making-process must be individualized .
Which are the areas for improvement in Latin America?
Specifically, universal health care access as per World
Health Organization recommendation is crucial. This
includes improvement in transmission of information
and medical education from academic to primary health
care centers, focusing on prevention of development
of liver diseases, identification of population at risk for
HCC, systematic implementation of routine surveillance
programs, improvement in the diagnostic work-up
process and finally, promoting overall access to all
treatments strategies which have shown improvement in
patient’s survival (Figure 1). Finally, an important field
to promote in the region is the development of research
consortia such as the Latin American Liver Research
Educational and Awareness Network, through which
we can multiply medical education and generation of
regional data necessary to develop efficient health
interventions for improvement the care of patients with
[28]
HCC .

9
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New prognostic biomarkers of mortality in patients
undergoing liver transplantation for hepatocellular carcinoma
Leonardo Lorente
classically established using various macromorphological
factors and serum alpha-fetoprotein levels prior to LT.
However, other biomarkers have recently been reported
to be associated with the prognosis of HCC patients
undergoing to LT. This review summarizes clinical
data on these new biomarkers. High blood levels of
malondialdehyde, total antioxidant capacity, caspasecleaved cytokeratin-18, soluble CD40 ligand, substance
P, C-reactive protein, and vascular endothelial growth
factor, increased neutrophil to lymphocyte ratio and
platelet to lymphocyte ratio in blood, high peripheral
blood expression of human telomerase reverse
transcriptase messenger ribonucleic acid, and high HCC
expression of dickkopf-1 have recently been associated
with decreased survival rates. In addition, high blood
levels of des-gamma-carboxy prothrombin, and high
HCC expression of glypican-3, E-cadherin and betacatenin have been associated with increased HCC
recurrence. Additional research is necessary to establish
the prognostic role of these biomarkers in HCC prior
to LT. Furthermore, some of these biomarkers are also
interesting because their potential modulation could help
to create new research lines for improving the outcomes
of those patients.
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Core tip: The outcome of liver transplantation (LT)
for hepatocellular carcinoma (HCC) patients are ge
nerally predicted using various macromorphological
factors and serum alpha-fetoprotein levels prior to LT.
However, other biomarkers have recently been reported
to be associated with the prognosis of HCC patients
undergoing LT. Furthermore, some of these biomarkers
are also interesting because their potential modulation
could help to create new research lines for improving

Abstract
The outcome prediction of hepatocellular carcinoma
(HCC) patients undergoing liver transplantation (LT) was
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[21]

the outcomes of those patients. This review summarizes
clinical data on those new biomarkers.

by radiofrequency ablation or surgical resection ,
and higher circulating lipid peroxide levels prior to LT in
[22]
patients who do not survive LT than in survivors .
A study by our team reported, for the first time, that
serum malondialdehyde levels prior to LT were higher in
non-surviving patients than in patients who survived for
one year after LT. We also found an association between
serum malondialdehyde levels in HCC patients prior
[23]
to LT and their survival at one year after LT . These
findings are consistent with those from other studies
that have reported an association between circulating
malondialdehyde levels and mortality in patients with
[24]
[25]
[26]
sepsis , traumatic brain injuries , brain infarctions
[27]
and spontaneous intracerebral hemorrhaging .

Lorente L. New prognostic biomarkers of mortality in patients
undergoing liver transplantation for hepatocellular carcinoma.
World J Gastroenterol 2018; 24(37): 4230-4242 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i37/4230.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i37.4230

INTRODUCTION
Hepatocellular carcinoma (HCC), the most frequent
primary liver malignancy, is one of the most common
[1-3]
malignancies and causes of cancer-related deaths .
In liver transplantation (LT), the primary tumor is
removed, and liver failure is treated. Therefore, LT
is considered the treatment of choice for some HCC
[1-11]
patients
.
Various macromorphological factors assessed prior
to LT have been classically used to predict the outcome
of HCC patients undergoing LT. These factors include
the tumor size, tumor number, degree of differen
tiation, hepatic microvascular invasion, hepatic macro
vascular invasion, being outside the Milan criteria and
[1-11]
infiltration
.
However, establishing biomarkers to be assessed
prior to LT could strengthen the predictions of prog
noses for HCC patients undergoing LT. Currently, the
most commonly studied biomarker are the serum al
[1-11]
phafetoprotein levels
. However, other biomarkers have
recently been reported to be associated with the prognosis
of HCC patients undergoing to LT. This review summarizes
clinical data on these new biomarkers.

Total antioxidant capacity

The production of reactive oxygen species (ROS) is
balanced by the production of antioxidant defenses,
and the analysis of total antioxidant capacity (TAC)
could provide a global information in respect to the
[28]
antioxidant status .
Some studies have found lower circulating TAC
[18]
levels in LT patients than in healthy controls , and
lower circulating TAC levels in HCC patients than in
[14,15]
healthy controls
.
A study by our team was the first to find that serum
TAC levels prior to LT were lower in non-surviving than
[29]
in surviving patients during the first one year after LT .
Besides, we found that there is an association between
low serum TAC levels in HCC patients prior to LT and
their survival at one year after LT. In addition, we found
a negative association between serum levels of TAC and
malondialdehyde; thus, patients with lower serum TAC
levels showed higher lipid peroxidation.
I think that those findings could suggest that it is
possible that non-survivor LT patients remains during
the first one year after LT with low serum TAC levels
and high serum malondialdehyde levels (due to a higher
lipid peroxidation because the high ROS production is
not balanced by an insufficient antioxidant capacity)
compared to survivor patients.
Antioxidant agents have been shown to reduce
malondialdehyde concentrations in animal models of
[30]
[31]
sepsis and brain trauma as well as in clinical trials
[32]
[33]
involving septic newborns , acute ischemic stroke
[34]
and traumatic brain injuries . Additionally, in a clinical
[34]
trial of traumatic brain injuries , the administration
of antioxidant agents reduced mortality rate. Thus,
since non-surviving HCC patients showed higher serum
malondialdehyde levels prior to LT than surviving
patients, it could be interesting to explore the benefit of
the administration of antioxidant agents to HCC patients
undergoing LT. Antioxidant treatment could potentially
improve their prognoses, especially for patients with a
higher oxidative state.

biomarkers
malondialdehyde

Oxidative stress can lead to membrane lipid peroxi
dation, which creates many end products, including
malondialdehyde, which is a low molecular weight
aldehyde that is produced during the degradation of
cellular membrane phospholipids. It is formed when
free radicals attack polyunsaturated fatty acids. Ma
londialdehyde can be released into the extracellular
space, and it can ultimately reach the bloodstream.
Therefore, it has been used as a circulating biomarker of
[12,13]
lipid oxidation
.
Some studies have reported higher levels of serum
[14-16]
malondialdehyde in HCC patients
and patients
[17,18]
with chronic liver disease than in healthy controls
.
Additionally, studies have reported that the tumoral
tissue of HCC patients has higher malondialdehyde
[19]
concentrations than non-tumoral tissue . Studies have
also found higher free radical intensity in the erythrocytes
[20]
of HCC patients than in healthy controls , higher serum
concentrations of reactive oxygen metabolites in HCC
patients who exhibit recurrence after curative treatment
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Apoptosis, which leads to active and programmed cell
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[35-37]

[72,73]

[75]

elimination, is increased in liver diseases
. Two main
pathways exist (extrinsic and intrinsic) for cell death by
apoptosis. The apoptotic extrinsic pathway is initiated
when the tumor necrosis factor receptor superfamily
(TNFRSF) is activated by its ligand (TNFSF). This
leads to the formation of a death signal that activates
caspase-8 and ultimately activates caspase-3. The
intrinsic apoptotic pathway is activated via oxygen free
radicals, interleukin (IL)-1, IL-6 and nitric oxide. These
factors release cytochromes from the mitochondria
to the cytosol, which activates caspase-3. Thus, both
apoptotic pathways ultimately activate caspase 3, which
leads to cell death.
Cytokeratin-18 is the main protein found in the in
termediate filaments of the liver and is present in most
parenchymal and epithelial cells. During hepatocyte
apoptosis, cytokeratin-18 is cleaved by caspases and can
be released into the bloodstream as caspase-cleaved
[35-39]
cytokeratin (CCCK)-18
, which can be detected using
[40,41]
M30 monoclonal antibodies
.
Some studies have reported higher circulating
CCCK-18 levels in patients with tumoral diseases than
[42,43]
in healthy controls
and in patients with tumoral
[44-48]
diseases that had a poor evolution
. Additionally,
HCC patients have higher circulating CCCK-18 levels
[49,50]
[51,52]
than healthy controls
or cirrhotic patients
.
Studies have reported an association between serum
[53]
CCCK-18 levels and mortality in HCC patients .
A study by our team found, for the first time, that
serum CCCK-18 levels prior to LT were higher in nonsurviving patients than in patients who survived for one
year after LT. Additionally, an association was found
between serum CCCK-18 levels in HCC patients prior
[54]
to LT and their survival for one year after LT . These
findings are consistent with the results of other studies
that have shown that circulating CCCK-18 levels are
associated with the prognosis of patients with various
[44-48]
[53]
[55]
tumoral diseases
, HCC , sepsis , traumatic brain
[56]
[57]
injury
and cerebral artery infarction . Additionally,
circulating CCCK-18 levels have been associated with
[45]
[46,54]
[47,48]
metastasis , serum AFP levels
and tumor size
.

sepsis
and traumatic brain injuries . Patients with
[76]
[77]
chronic hepatitis C virus infection , cirrhosis , and
non-alcoholic fatty liver disease have been shown to
exhibit higher circulating sCD40L levels than control
[78]
subjects . Furthermore, high circulating sCD40L levels
[79]
are associated with a poor prognosis in HCC patients .
A study by our team was the first to report that
serum sCD40L levels prior to LT were higher in patients
who did not survive for one year after transplantation
than in the surviving patients, and an association
was also found between serum sCD4L levels in HCC
[80]
patients prior to LT and survival for one year after LT .
These findings are consistent with the results of other
studies reporting an association between circulating
sCD40L levels and mortality in patients with cerebral
[69]
[74]
[72,73]
infarction , acute coronary syndrome , sepsis
[75]
and traumatic brain injuries .
Circulating sCD40L levels could play a role in patients
[81,82]
receiving LT for HCC by their proinflammatory
and
[83-88]
procoagulant
effects. The proinflammatory effects
of sCD40L may be due to an increase in the expression
of proinflammatory mediators such as IL-1, IL-6, IL-12,
[81,82]
TNF-alpha and interferon-gamma
. The procoagulant
effects of sCD40L may be due to the induction of
[83-86]
tissue factor expression
, reduced expression of
[85,86]
thrombomodulin
and its binding to glycoprotein Ⅱ
[87,88]
b/Ⅲa platelet receptor
. These proinflammatory
and procoagulant effects could potentially favor
the development of vascular thrombosis and organ
dysfunction, ultimately resulting in patient death.
The statin administration has been associated with
a reduction of circulating sCD40L levels in patients with
[89-91]
coronary artery disease
and an improvement in
[92]
the prognosis of patients with ischemic stroke and
[93-96]
infections
. Therefore, as non-surviving HCC patients
showed higher serum sCD40L levels prior to LT than
patients who survived for one year after LT, it could
be interesting to explore the benefit of administering
sCD40L modulators to HCC patients who are undergoing
to LT to improve their prognosis, especially for patients
with higher sCD40L levels.

soluble CD40 ligand

substance P

Soluble CD40 ligand (sCD40L) is a member in the TNFSF
of proteins. It has proinflammatory and prothrombotic
effects when bound to its receptor, CD40, which is also
[58-65]
a member of the TNFRSF
. CD40L is mainly found
in platelets and activated T-lymphocytes, although it is
also present in smooth muscle cells, endothelial cells,
microglia, monocytes, and B cells. When CD40L is
cleaved, it is released into circulation and is present in its
[58-65]
soluble form, sCD40L
.
Some studies have reported higher circulating
[66-69]
sCD40L levels in patients with ischemic stroke
,
[70,71]
[72,73]
acute coronary syndrome
, and sepsis
than in
healthy subjects. Additionally, high circulating sCD40L
levels are associated with a poor prognosis in patients
[69]
[74]
with ischemic stroke , acute coronary syndrome ,
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Substance P is a member of the tachykinin family,
which is distributed by the central and peripheral
nervous, respiratory and urinary systems and by the
gut. Tachykinins may play a role in nociceptive res
ponses, inflammation, vasodilation and plasma protein
[97-99]
extravasation
.
Circulating substance P levels are elevated in patients
[100-106]
with liver diseases compared to control subjects
[104-106]
and in patients with severe liver diseases
.
A study by our team was the first to report that
serum levels of substance P prior to LT were higher in
patients who did not survive for one year after LT than in
surviving patients. The study also found an association
between serum levels of substance P in HCC patients
[107]
prior to LT and mortality within one year after LT .
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These findings are consistent with the results of other
studies that have reported an association between
circulating serum P levels and mortality in patients with
[108]
[109]
traumatic brain injuries
or ischemic stroke .
Substance P plays a role in the inflammatory res
ponse by producing inflammatory cytokines such as IL-1,
[110-114]
IL-6 and TNF-alpha
. Various agents that reduce
substance P activity have been identified in animal
[115-117]
models of ischemic stroke
and traumatic brain
[118,119]
injury
. These agents have been associated with a
reduction in the inflammation process and edema. HCC
patients who did not survive for one year after LT showed
higher serum substance P levels prior to LT than surviving
patients. Therefore, it could be interesting to explore
the benefit of administering agents to control substance
P activity to HCC patients undergoing LT, especially in
patients with high circulating substance P levels.

normal liver converts the glutamic acid residues in the
N-terminal portion of prothrombin by carboxylation in
gamma-carboxyglutamic acid residues before its release
into the peripheral blood. In many of HCC cells, the
vitamin K dependent carboxylase that produces this
carboxylation is absent; thus, an abnormal prothrombin
is secreted. Several studies have found in multivariate
analyses that high blood DCP levels are associated with
a higher risk of HCC recurrence in HCC patients who
[123-127]
undergo LT
.

Glypican-3

Glypican (GPC)-3 is a member of the glypican protein
family, which plays a role in regulating cell division and
growth. One study reported that the protein expression
of GPC-3 in HCC tissue samples prior to LT was
associated with a higher rate of HCC recurrence after
[128]
LT
; in addition, there was found that GPC-3 was
expressed in 68% of HCC tissues, but not in adjacent
non-tumoral tissues and in tissues of liver controls.
Another study found that serum GPC-3 levels were
[129]
higher in HCC patients than in cirrhosis patients
;
however, the study did not examine the prognostic role
of serum GPC-3 in HCC patients prior to LT.

Neutrophil to lymphocyte ratio and platelet to lymphocyte
ratio
The blood neutrophil to lymphocyte ratio (NLR) and
platelet to lymphocyte ratio (PLR) have both been
used as biomarkers to evaluate systemic inflammatory
responses. A meta-analysis published in 2017 by Zheng
[120]
et al
analyzed the association between the NLR
and PLR in the blood of HCC patients prior to receiving
different treatments and its overall survival and HCC
recurrence. The treatments included curative resection,
transarterial chemoembolization (TACE), radiofrequency
ablation (RFA), LT and chemotherapy. The authors
examined the associations between the NLR and all
treatments combined and individually. They found
an association between a high NLR and both of the
outcomes (poor overall survival and HCC recurrence) for
all types of treatment. They also reported an association
between a high NLR and survival when specifically
analyzing LT. However, no association was found between
the NLR and HCC recurrence when specifically analyzing
LT. The authors also found an association between a high
PLR and poor outcomes for all treatments combined and
when analyzing LT specifically.

Human telomerase reverse transcriptase messenger
ribonucleic acid

Human telomerase reverse transcriptase messenger
ribonucleic acid (h-TERT mRNA) is a ribonucleoprotein
polymerase that maintains telomere ends in chromo
somes. High h-TERT mRNA expression in the peripheral
blood of HCC patients who undergo LT has been
associated with decreased survival and increased HCC
[130,131]
recurrence
; however, in another study, h-TERT
mRNA concentrations in the peripheral blood were not
[132]
associated with HCC recurrence after LT . Therefore,
additional research is necessary to determine the
prognostic role of h-TERT mRNA expression in the
peripheral blood of HCC patients prior to LT.

Matrix metalloproteinase-9

Matrix metalloproteinase (MMP)-9 is a member of the
matrix metalloproteinases (MMPs), which are involved
in degradation and remodeling of the extracellular
matrix. MMPs play a role in physiological functions such
as morphogenesis, tissue remodeling and the menstrual
cycle. They are also involved in various diseases such as
arthritis, tumors, atherosclerosis and sepsis. The activity
of MMPs is regulated by several tissue inhibitor of matrix
metalloproteinases (TIMPs).
Contradictory results have been found with regard
to MMP-9. Patients who undergo LT for HCC and have
high MMP-9 expression in the tumor have exhibited
an unfavorable rates of overall survival and HCC
[133,134]
recurrence
. Another study in patients undergoing LT
due to HCC or for cirrhosis without HCC found that high
serum MMP-9 levels at one week after LT were associated

C-reactive protein

C-reactive protein (CRP) is synthesized in the liver
by hepatocytes in response to factors released by
macrophages and adipocytes during inflammation and
afterwards is released to blood; thus, blood levels of CRP
increase in response to inflammation. Elevated blood
CRP levels are associated in multivariate analyses with
an increase in the risk of HCC recurrence and decreased
[121,122]
survival in patients undergoing LT for HCC
, overall
[121]
in patients with HCC beyond the Milan criteria .

Des-gamma-carboxy prothrombin or protein induced by
vitamin K absence or antagonist Ⅱ (PIVKA-Ⅱ)

Des-gamma-carboxy prothrombin (DCP) is a nonfun
ctional prothrombin form produced by the liver. The
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[135]

with a higher rate of LT rejection . However, one study
also reported that high serum MMP-9 levels and low
serum TIMP-1 levels in HCC patients receiving different
treatments (curative resection, TACE, thermoablation, and
LT) were associated with a higher survival rate, although
the study did not specifically examine patients receiving
[136]
LT because the sample size for that group was small .
Our group has previously reported a lower survival rate
[137]
in patients with cerebral artery infarction , traumatic
[138]
[139,140]
brain injury
and sepsis
who have high serum
TIMP-1 levels than in patients who have low TIMP-1 levels.
Therefore, additional research is necessary to establish
the prognostic role of MMP-9 expression in the peripheral
blood of HCC patients prior to LT.

and survival. Only four studies reported absolute serum
AFP values for all included patients, and the other studies
used varying cut-off points for serum AFP levels. This
heterogeneity precluded pooling of the data for a valid
meta-analysis. The majority of the studies concluded
that a high pre-LT serum AFP level was an independent
predictor of death following LT for HCC. These studies
also suggested that serum AFP levels higher than 1000
ng/mL may predict poorer survival. Ten of the 13 studies
reported data on HCC recurrence and pre-LT serum
AFP values. All of these studies concluded that high AFP
levels were associated with increased HCC recurrence
following LT for HCC. The authors were unable to
perform a meta-analysis on this research question due
to the heterogeneity in the data reported by the studies.
Additionally, some of the studies included in the review
found that pre-LT serum AFP levels were correlated with
vascular invasion and poor differentiation of HCC.
A review and meta-analysis published in 2016
examined the prognostic role of biomarkers in HCC
[145]
recurrence in patients who underwent LT for HCC .
The review included 49 studies with a total of 13693
patients that reported data on pre-LT serum AFP levels
and HCC recurrence. However, the studies had 88%
heterogeneity due to their use of varying definitions and
cut-off values for AFP. Therefore, it was not possible to
conduct a valid meta-analysis for this topic. However,
a meta-analysis was performed using 17 of the studies
with different cut-off values for pre-LT serum AFP levels,
but the meta-analysis required a cut-off value higher
than 400 ng/mL. In this analysis, an association was
found between elevated pre-LT serum AFP levels and the
risk of HCC recurrence (HR = 2.69; 95%CI: 2.08-3.47),
with a heterogeneity of 46%.

E-cadherin

E-cadherin is a member of the cadherin family of proteins,
which are cell adhesion molecules that participate in
the formation of junctions between cells. One study
found that high serum levels of soluble E-cadherin were
associated with increased recurrence of HCC after a
[141]
curative resection . Another study of HCC patients who
underwent LT found that E-cadherin expression in the liver
[142]
was associated with HCC recurrence after LT .

Beta-catenin

Beta-catenin is a member of the catenin family of pro
teins, which also constitute a group of cell adhesion
molecules that are involved in the formation of bonds
between cells. A study of HCC patients who underwent
LT found that beta-catenin expression in the liver was
[142]
associated with HCC recurrence after LT . However, in
other recently published study, no association was found
between beta-catenin expression in the liver prior to LT
[143]
and the survival of HCC patients . Therefore, additional
research is necessary to establish the prognostic role of
beta-catenin expression in the liver in HCC patients prior
to LT.

Dickkopf-1

In several studies have been found higher circulating
Dickkopf-1 (DKK1) levels in HCC patients than in healthy
[146-149]
subjects
or than in patients with liver cirrosis
[150,151]
without HCC
. In addition, in a meta-analysis
[152]
published in 2014 including 4 studies
and in other
[153]
recently published study
was found that higher DKK1
expression levels in HCC patients were associated with
lower survival. Besides, in one study was found that
higher DKK1 expression is associated with lower survival
[154]
and higher recurrence in HCC patients after LT .

AFP

AFP is a glycoprotein that is produced by the yolk sac and
the fetal liver during fetal development. It is the most
abundant plasma protein in the human fetus. Increased
values are found in newborns (values gradually decrease
to normal over the first year of life), pregnant women
(values return to normal after delivery), and patients with
various AFP-producing tumors such as HCC and tumors
of the ovary and testis.
The blood AFP level is the most extensively studied
biomarker in HCC patients undergoing LT. Elevated blood
[144]
AFP levels are associated with decreased survival
[145]
as well as an increase in HCC recurrence
in patients
undergoing LT for HCC.
A review of 13 observational studies published in
2012 involving 12,159 patients who underwent LT for
HCC examined the role of pre-LT circulating AFP levels in
[144]
predicting survival and HCC recurrence . Nine of the
13 studies reported data about pre-LT serum AFP levels
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Vascular endothelial growth factor

In a meta-analysis of 11 studies was found that high
serum Vascular endothelial growth factor (VEGF) leves
[155]
in HCC patients were associated with lower survival .
In addition, in one study was found that high plasma
VEGF levels in HCC patients previously to LT were
[156]
associated with HCC recurrence and survival .

Caspase-1

Pyroptosis is a form of programmed cell death, which
is dependent of caspase-1. In some studies has been
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Table 1 New prognostic biomarkers in patients undergoing liver transplantation for hepatocellular carcinoma
Biomarker
Malondialdehyde
Total antioxidant capacity
Caspase-cleaved cytokeratin-18
Soluble CD40 ligand
Substance P
Neutrophil to lymphocyte ratio
Platelet to lymphocyte ratio
C-reactive protein
Des-gamma-carboxy prothrombin
Glypican-3
H-TERT mRNA
E-cadherin
Beta-catenin
Dickkopf-1
Vascular endothelial growth factor

Alteration

Outcome

Ref.

High circulating levels
High circulating levels
High circulating levels
High circulating levels
High circulating levels
High circulating ratio
High circulating ratio
High circulating levels
High circulating levels
High HCC expression
High peripheral blood expression
High HCC expression
High HCC expression
High HCC expression
High circulating levels

Lower survival
Lower survival
Lower survival
Lower survival
Lower survival
Lower survival
Lower survival
Lower survival
Higher recurrence
Higher recurrence
Lower survival
Higher recurrence
Higher recurrence
Lower survival
Lower survival

[23]
[29]
[54]
[80]
[107]
[120]
[120]
[121,122]
[123-127]
[128]
[130,131]
[142]
[142]
[154]
[156]

HCC: Hepatocellular carcinoma; H-TERT mRNA: Human telomerase reverse transcriptase messenger ribonucleic acid.

[157,158]

found lower caspase-1 expression in HCC tissues
.
In a study was determined caspase-1 expression in
HCC patients (from HCC tissues and adjacent normal
[157]
tissues) and in hepatocyte cell lines
. There was
found a significant decrease in caspase-1 expression
in HCC tissues compared to adjacent normal tissues
and hepatocyte cell lines. Besides, the use of berberine
increased the expression of caspase-1, decreased cell
number, and increased cell swelling in hepatocyte cell
lines; and the use of the caspase-1 inhibitor Ac-YVADCMK attenuated the effects of berberine.
However, in one study has been found that liver
tissue of patients infected with hepatitis C virus (HCV)
[159]
showed caspase-1-mediated pyroptosis
. Besides,
in other study of patients with resection of HCC was
found lower survival in patients with high of caspase-1
[160]
expression in normal tissues .

up and age, DAA therapy was not associated with
higher HCC de novo ocurrence and neither with HCC
[162]
recurrence. In the study by Faillaci et al
was found
that the use of DAA was associated with de novo HCC,
and that this risk is higher in patients with higher
angiopoietin-2 expression.

Genomic

The Cancer Genome Atlas (TCGA) Research Network
published in 2017 the genomic characterization of
[167]
HCC . There were analyzed 363 HCC cases by wholegenome sequencing and DNA copy number, and 196
HCC cases by DNA methylation, mRNA, miRNA, and
proteomic expression. In total, 12136 genes had nonsilent mutations, and 26 genes were determined to be
significantly mutated genes. Of these 26 genes, 18 were
reported in at least one previous HCC genome sequencing
study and 8 were not previously associated with HCC.
Whithin of know mutated genes, the most included
TERTpromoter (51%), TP53 (31%), CTNNB1 (27%),
ALB (13%), APOB (10%), ARID1A (7%), AXIN1 (8%),
ARID2 (5%), BAP1(5%), KEAP1 (5%), RB1 (4%), and
NFE2L2 (3%). There were identified 8 novel mutated
gene with a low frequence (2%-3% of HCC patients),
including LTZR1, EEF1A1, AZIN1, RP1L 1, GPATCH4,
CREB3L3, AHCTF1, and HIST1H1C. In addition, other two
mutated genes previously associated with other cancer
types were associated with HCC in this study, F3B1 and
SMARCA4. Besides, integrative clustering of datasets of
DNA copy number, DNA methylation, mRNA expression
and miRNA expression could define three HCC subtypes
(iClust 1 to 3), and iClust1 subtype had a poor prognosis.
In addition, the analysis of these mutations and pathways
provide potential directions for future potential therapeutic
in HCC patients by the use of inhibitors of WNT, MDM4,
MET, VEGFA, MCL1, IDH1, TERT. Thus, this genome-wide
characterization has been very important in improving our
knowledge about mutated genes associated with HCC,
[168]
prognostic gene signatures and potential treatments .

Angiopoietin-2

Angiopoietin-2 is a protein that is involved in angiogenesis
[161]
and inflammation . In a recently published study of
chronic HCV patients treated with direct acting antivirals
(DAA) was found that angiopoietin-2 in liver tissue
was related with the risk of HCC recurrence or de novo
ocurrence.
Another interesting finding of that study was that
patients with HCC recurrence or de novo ocurrence
had significantly higher portal pressure than patients
[162]
never developing HCC ; and in previous studies was
found that portal hypertension was associated with
[163]
poor prognosis in patients undergoing to LT
or with
[164,165]
HCC
.
The risk of HCC occurrence or recurrence following
DAA remains unclear due to that the results of different
studies are contradictories. In a review published in
2017 including 10 studies was found in meta-analyses a
higher incidence of HCC occurrence and HCC recurrence
[166]
with the administration of DAA . However, in metaregression analyses after adjusting for study follow-
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CONCLUSION
Various macromorphological factors measured prior to
LT have been classically used to estimate the outcomes
of HCC patients undergoing LT. Additionally, the de
termination of some valid biomarkers prior to LT could
help predict the prognoses of HCC patients undergoing
LT. The most frequently examined biomarker is the
serum AFP level. Recently, an association was reported
between decreased survival rates and high blood levels
of malondialdehyde, TAC, CCCK-18, sCD40L, substance
P, CRP, and VEGF, NLR and PLR in blood, high peripheral
blood expression of h-TERT mRNA, and high HCC
expression of DKK1. In addition, an association has
been found between increased HCC recurrence and high
blood levels of Des-gamma-carboxy prothrombin, and
high HCC expression of GPC-3, E-cadherin and betacatenin. Additional research is necessary to establish
the prognostic role of these biomarkers for HCC prior
to LT. Furthermore, some of these biomarkers are also
interesting because their potential modulation could
help to create new research lines for improving the
outcomes of those patients. Those new biomarkers are
summarized on Table 1.
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Abstract
Although colonoscopy has been proven effective in
reducing the incidence of colorectal cancer through the
detection and removal of precancerous lesions, it remains
an imperfect examination, as it can fail in detecting
up to almost one fourth of existing adenomas. Among
reasons accounting for such failures, is the inability to
meticulously visualize the colonic mucosa located either
proximal to haustral folds or anatomic curves, including
the hepatic and splenic flexures. In order to overcome
these limitations, various colonoscope attachments aiming
to improve mucosal visualization have been developed. All
of them - transparent cap, Endocuff, Endocuff Vision and
Endorings - are simply mounted onto the distal tip of the
scope. In this review article, we introduce the rationale
of their development, present their mode of action and
discuss in detail the effect of their implementation in the
detection of lesions during colonoscopy.
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Core tip: Colonoscopy is the modality of choice for the
detection and removal of precancerous lesions. However,
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almost one fourth of adenomas can be lost during con
ventional colonoscopy. Their location proximal to the
colonic folds or in proximity to anatomic flexures is one
of the reasons for this particular detection failure. To over
come this caveat, various single-use devices mounted
onto the tip of the scope have been developed. They
facilitate lesions’ detection by manipulating and flattening
the haustral folds. In this Minireview we present the
development of these devices (Cap, Endocuff, Endocuff
Vision and Endorings) and their effectiveness in improving
detection rates of lesions during colonoscopy.

fering meticulous mucosal visualization and detection of
“hidden” lesions. In this review we aim to present the
rationale that led to the development of these detachable
devices, their evolution through time, their main mode
of action and technical characteristics, as well as their
impact on various patient-related colonoscopy outcomes.
A comprehensive review of English literature published
in MEDLINE until May 2018 was conducted. We aimed
to identify high quality studies (randomized controlled
trials and meta-analyses) using the following key words:
“Cap”, “Cap-assisted colonoscopy”, “Endocuff”, “EndocuffVision”, “Endocuff-assisted colonoscopy” and “Endorings”.
Apart from ADR the following measures were assessed:
polyp detection rate (PDR), i.e., the percentage of
colonoscopies with at least one polyp, mean number of
adenomas detected per colonoscopy (MAC), adenoma
miss rate-the percentage of adenomas missed by
the index examination and detected by the tandem
colonoscopy- and advanced ADR (the percentage of
colonoscopies with at least one advanced adenoma).

Gkolfakis P, Tziatzios G, Spartalis E, Papanikolaou IS,
Triantafyllou K. Colonoscopy attachments for the detection of
precancerous lesions during colonoscopy: A review of the literature.
World J Gastroenterol 2018; 24(37): 4243-4253 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i37/4243.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i37.4243

INTRODUCTION

THE CAP

Colorectal cancer (CRC) is the second most lethal can
cer among common cancers and more than 140200
new CRC cases are expected to be diagnosed in the
[1]
United States by the end of 2018 . Colonoscopy has
been proven efficient for both diagnosis and screening
of colorectal cancer. It allows the detection and con
sequent removal of adenomas, the most well-known
precancerous lesions, preventing CRC-associated
[2]
death . Adenoma detection rate (ADR)-the percentage
of colonoscopies with at least one adenoma- has been
associated with both decreased risk of interval CRC
(i.e., CRC that is diagnosed in the meantime between
a screening colonoscopy and the next recommended
[3-5]
surveillance examination) incidence and death
.
Thus, ADR has been established as the core quality
[6]
indicator for colonoscopy . However, colonoscopy
stands far from being the perfect examination. Backto-back studies have shown that endoscopists fail to
[7,8]
detect almost 25% of existing polyps and adenomas .
These miss rates are higher in the right colon, where
a variant of precancerous lesions (the sessile serrated
adenomas) that does not follow the classic adenomacarcinoma pathway of carcinogenesis occurs more fre
[9,10]
quently
. To a great extent, missed lesions like these
have been held responsible for the aforementioned
[11]
interval cancers . Inadequate bowel preparation,
lack of physician’s expertise, inability to accurately
visualize the colonic mucosa located proximal to the
haustral folds or in proximity to anatomic flexures have
been listed among the main reasons such lesions can
[12]
be missed during a colonoscopy . Lately, several
devices-ranging from complex endoscopic systems to
simple plastic attachments- have been developed, in
[13]
an attempt to address this problem . They promise
to flatten the mucosa during scope withdrawal and
facilitate maneuverability around anatomic flexures of

The transparent cap is a simple, single-use device made
of thermoplastic elastomer (Figure 1). It was initially
designed to facilitate endoscopic mucosectomy, since
it enables an optimal field of view by maintaining an
appropriate distance between the endoscope tip and
[14]
the intervention site . Originally launched by Olympus
(Olympus America Inc., Center Valley, PA, United States),
it is available in various sizes, in order to accommodate
all types of endoscopes. Its rounded edge prevents tis
sue damage during contact, while its side hole allows
fluid draining. Endoscope functions such as suction and
air insufflation remain undisturbed. The distal end of the
cap protrudes from the scope’s tip (protruding length
ranges from 2 mm to 7 mm). Its basic characteristics
are outlined in Table 1. It is the protruding edge that
allows manipulation and flattening of the colonic folds
in the field of view. During the last 10 years numerous
[15-27]
randomized control trials
have been conducted to
evaluate the usefulness of cap-assisted colonoscopy
(CAC) in improving colonoscopy outcomes, including po
tential augmentation of the detection of precancerous
lesions. Beyond ADR and PDR, additional outcomes such
as cecal intubation rate and cecal intubation time were
assessed as well.
[15]
Kondo et al evaluated colonoscopy with two types
of caps (2 mm-short or 4 mm-transparent) vs conven
tional colonoscopy without a cap. More than 200 patients
undergoing colonoscopy for various indications were
randomized in each of the three groups. The use of the
transparent 4mm cap was associated with decreased cecal
intubation time compared to the 2 mm-short cap and the
control (11.5 min vs 13.5 min vs 15 min; P = 0.008).
At the same time, PDR was significantly increased in the
transparent cap group (49.3%) compared to the controls
[15]
(39.1%; P = 0.04) . In another Japanese randomized
controlled trial (RCT) with 592 patients, CAC with a 2 mm
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Figure 1 Cap (A) mounted on the tip of the scope (B) and the endoscopic view (C) (photos from the authors’ archive).
[26]

short cap was also related to a shorter cecal intubation
rate, but without any difference in the rate of polyp
[17]
[16]
detection . Horiuchi et al
randomized 60 patients
diagnosed with colonic adenomas to repeat colonoscopy
in three months, with or without a 7 mm cap; all lesions
were removed during the second examination. Capassisted colonoscopy detected 20% more adenomas
compared to a 4% increase in adenoma detection
[16]
without the cap . Moreover, a small back-to-back RCT
of 67 screening/surveillance patients demonstrated a
reduced adenoma miss rate associated to cap-assisted
colonoscopy compared to conventional colonoscopy (21%
[19]
vs 33%; P = 0.04) .
In terms of ADR and MAC, evidence remains contro
[21]
versial. A study from Japan , evaluating the efficacy
of autofluorescence imaging with a transparent cap
in a cancer referral center, found that CAC leads to an
increased ADR (62% vs 56%; P = 0.023) compared
to conventional white-light imaging. A few years later,
[23]
in the first USA. study, Rastogi et al randomized 420
screening/surveillance individuals (210 in each group) to
undergo either CAC using a 4 mm transparent cap or a
conventional examination. Investigators concluded that
CAC not only shortened the cecal intubation time (3.3
min vs 4 min; P < 0.001), but also increased ADR (69%
vs 56%; P = 0.009) and MAC (2.3 vs 1.4; P < 0.001)
[23]
compared to colonoscopy without the cap . In a study
that randomized 1113 patients with various indications
to undergo either CAC (4 mm cap) or conventional
[24]
colonoscopy , cecal intubation was faster in the CAC
arm (4.9 min vs 5.8 min; P < 0.001), but both arms
had similar ADR (42% vs 40%; P = 0.452) and MAC
[24]
(0.89 vs 0.82; P = 0.432) . It is of great interest that
among the 10 participating endoscopists the effect of
CAC in terms of ADR ranged from a 15% decrease to
[24]
a 20% increase . Looking at individual endoscopists’
performance, the authors concluded that CAC may be
beneficial especially for endoscopists who spend more
time during scope withdrawal since the cap may fur
[24]
ther enhance their already meticulous examination .
[26]
Recently, Othman et al
showed that CAC compared
to conventional colonoscopy is related to an increased
advanced ADR - the detection rate of advanced
adenomas- (9.9% vs 4.6%; P = 0.049) and detection
of more polyps larger than 9mm (9.5% vs 3.7%; P
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= 0.026) . However, in this RCT of 440 screening/
surveillance participants no difference between the two
[26]
groups in terms of ADR and PDR was found .
[20,22]
In two RCTs
, 400 individuals of mixed indi
[20]
[22]
cations and 1380 screening participants
were allo
cated either to CAC or conventional examination. A 4-mm
[20]
cap was used in both studies. The first study did not
show any benefit of CAC in terms of PDR (32.8% vs
31.3%; P = 0.75) and cecal intubation time (9.9 min vs
[22]
10.3 min; P = 0.21), while in the second study CAC
was associated with a shorter intubation time (7.7 min vs
8.9 min; P < 0.001), but ADR (29% vs 29%; P = 0.96)
and MAC (0.52 vs 0.50; P = 0.83) did not differ between
the two groups.
Two studies involving endoscopy trainees provided
similar results; trainees had a higher cecal intubation rate
[27,28]
(CIR) and reached the cecum faster using the cap
.
However, CAC did not improve trainees’ detection rates
[27,28]
(ADR and advanced ADR)
.
Paradoxically, in a large RCT (1000 patients recruited)
from Hong Kong, ADR was lower in the cap-assisted arm
compared to the standard one (30.5% vs 37.5%; P =
0.018), but there was no difference regarding advanced
[18]
lesions . Shorter withdrawal times and inadequate
bowel preparation in the CAC arm were postulated by
[18]
the authors as potential explanations for this finding .
In accordance with previous results, cecal intubation time
was shorter in the cap arm (6 min vs 7.2 min; P < 0.001)
[18]
with no difference in the CIR .

Data from meta-analyses

[29-35]

Seven meta-analyses
that attempt to summarize
the role of CAC in improving colonoscopy outcomes have
been published so far (Table 2). Despite their different
designs and inclusion criteria, one can figure out a couple
[30,31,34,35]
of mutual conclusions. Four
out of five metaanalyses reporting on cecal intubation time, conclude that
CAC significantly shortens it (mean difference ranging
[30,34,35]
from -0.93 min to -0.64 min), while three of them
did not show any increase of CIR associated to CAC.
[29-32,34,35]
[30,32,34,35]
Moreover, six
and four
meta-analyses
examined PDR and ADR, respectively. The majority of
[29-31,34]
these
link CAC to a higher PDR. On the contrary,
none of the relevant meta-analyses showed a benefit in
[29,30,32,34,35]
terms of ADR with CAC
. However, in the most
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Table 1 Add-on devices’ main characteristics

Manufacturer
Launched in
market
Short
description

Cap

Endocuff

Endocuff Vision

Endorings

Olympus, Centre Valley,
Pennsylvania
1993

Arc Medical Leeds, United
Kingdom
2011

Norgine Pharmaceuticals Ltd,
Uxbridge, United Kingdom
2016

EndoAid, Caesarea, Israel

Single-use, soft, radiopaque, 2
Single-use, device with single
cm long cylindrical sleeve with
row of 8 flexible 15 mm spikes
flexible projections arranged in
2 rows of 8, emerging from gaps
on the shaft of the device
Material
Thermoplastic elastomer
Core: Non-latex, biocompatible
Latex free, polypropylene
polymer; Projections:
thermoplastic elastomer
Dimensions
Outer diameter ranging from Finger projections: proximal 8.15 Diameter: 16.1, 16.7, 17.2, and
13.9-16.1 mm according to each mm, distal 5mm; core length: 23.8 18.5mm (spikes folded back) and
type of cap
mm; diameter: 16.1, 16.7, 17.2, 39.07, 39.07, 39.07, and 39.66 mm
and 18.5 mm (hairs folded back)
(spikes opened out)
and 32.6, 33.1, 33.6, and 34.8 mm
(hairs opened out)
Mode of action Protruding cap manipulates and Hinged projections flatten and
Hinged projections flatten and
flattens haustral folds to inspect
spread mucosa and folds
improve visibility behind the
the mucosa on the proximal side
colon folds
of the fold maintaining optimal
field of view
Interfere with Edge of the hood comes into the
No interference of vision
No interference with vision
view of field
vision ﬁeld of the colonoscope,
but lesions can be seen through
the transparent wall
Compatible
Adult, pediatric: Ten different
Adult, pediatric: 4 color-coded
Adult, pediatric: 4 color-coded
scopes
sizes, to fit all scopes
sizes (purple, orange, green and sizes (purple, orange, green and
blue) to fit all scopes
blue) to fit all scopes
Advantages

Transparent, single-use distal
attachment with side hole for
draining of fluid

Resection of wider areas; Suction
and insufflation of air unaffected

Disadvantages

Interfere with the field of view

Folds movement provides a
dynamic picture - even the
smallest polyps can be identified;
Centers the scope in the middle
of the lumen preventing
sudden slip back and “red-out”;
Projections allow traction to
avoid sudden slippage around
turns and flexures, improving
scope’s stability; Helps perform
EMR
Petechial marks on colon;
Potential dislodgement; Larger
model more effective than
smaller; Ileum intubation may be
difficult

recent meta-analysis that included 23 RCTs and almost
[34]
13000 participants , sensitivity analysis showed that
[18]
the exclusion of one large study -in which the quality
of bowel preparation was significantly worse in the CAC
arm- not only eliminated the existing heterogeneity, but
also altered the synthetic outcome direction, showing a
significant benefit of CAC vs conventional colonoscopy
[34]
regarding ADR [OR (95%CI): 1.17 (1.04-1.33)] .
[33]
Finally, one meta-analysis
has evaluated the effect
of CAC on the ADR of the right colon. Pooled data from
4 studies (2546 and 2547 patients in the CAC and
the conventional arms, respectively) associated CAC
with an increased right colon ADR [OR (95%CI): 1.49
[33]
(1.08-2.05)] compared to conventional colonoscopy .
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Delivers more tip control without
compromising intubation improving loop management;
Early and controlled view of the
upstream surface of large folds no need for repeated intubation;
Prevents sudden slip back and
red out; Optimizes tip position
during therapy and polyp
retrieval
Potential dislodgement

2015
Single-use device composed of
2 layers of flexible, soft circular
rings, placed on a cylindrical cuff

Silicone

22-50 mm diameter

Sequential rings stretches out
the folds of the colon during
withdrawal for a clear view

No interference with vision

Scope Distal End Diameter [mm];
Adult colonoscope 12.8-14.5 mm;
Slim Adult colonoscope 11.5-13.0
mm
Maintains position during loop
reduction, decreases slippage,
anchoring during endoscopic
therapy; Maintains identical
depth and breadth of scope's
viewing field; Minimal resistance
on insertion; Easy ileum
intubation

Ileum intubation may be difficult

THE ENDOCUFF
The first generation Endocuff

Endocuff (Arc Medical Design, Leeds, United Kingdom)
is a single-use soft, radiopaque device that consists of
a cylindrical polypropylene core and 2 rows of flexible
thermoplastic elastomer-made projections. Each row
counts 8 projections that emerge from gaps on the
shaft of the device (Figure 2A and B). It is available
in 4 different color-coded sizes to fit all scopes and its
technical characteristics are presented in Table 1. Its de
signers were inspired through the practical difficulties
that occur during a conventional colonoscopy, including
the scope slipping back, difficulties in tip stabilization
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Table 2 Meta-analyses evaluating the effect of accessories on colonoscopy outcomes
Author (yr)

Device vs
comparator

Westwood
2012

CAC vs CC 12 (9 FP, 3 AB)

RCTs

6185

Ng 2012

CAC vs CC 16 (13 FP, 3 AB)

RCTs

8991

He 2012

CAC vs CC 19 (14 FP, 5 AB)

RCTs

9235

Omata 2014

CAC vs CC

10 (10 FP)

RCTs

Desai 2017

CAC vs CC

4 (4 FP)

Mir 2017

CAC vs CC 23 (18 FP, 5 AB)

Chin 2016

2

Williet 2018

EAC vs CC

Included
Studies (n )

Included
Patients
studies’ design
(n )

ADR

PDR

MAC

CIR

CIT

NR

a
OR (95%CI):
1.13 (1.02-1.26)

NR

a
OR (95%CI):
1.36 (1.06-1.74)

MD (95%CI): 0.04
(-0.03 to 0.12) min

RR (95%CI): aRR (95%CI):
1.04 (0.90-1.19) 1.08 (1.00-1.17)

NR

a
OR (95%CI):
1.12 (1.02-1.22)

NR

a
OR (95%CI):
1.36 (1.13-1.64)

a
MD (95%CI): -0.65
(-0.85 to −0.44) min

5219

RR (95%CI): RR (95%CI):
1.07 (0.94-1.23) 1.00 (0.86-1.16)

NR

NR

NR

2 RCTs; 2
retrospective

5093

a,1
OR (95%CI):
1.49 (1.08-2.05)

NR

NR

NR

RCTs

12947

4 RCTs; 1
prospective
observational;
4 retrospective
2
EAC vs CC 12 (7 FP, 5 AB)
RCTs

3

Facciorusso CAC vs CC
2017

9 (4FP, 5 AB)

NR

NR

OR (95%CI): aOR (95%CI):
1.11 (0.95-1.30) 1.17 (1.06-1.29)

NR

OR (95%CI): 1.32 aMD (95%CI): -0.82
(0.94-1.87)
(-1.20 to -0.44) min

5624

a
OR (95%CI):
1.49 (1.23-1.80)

NR

OR (95%CI): 1.26
(0.70-2.27)

8376

a
RR (95%CI): aRR (95%CI): MD (95%CI): RR (95%CI): 0.99 MD (95%CI): -0.57
1.20 (1.06-1.36) 1.20 (1.06-1.36)
0.11
(0.97- 1.00)
(-1.43 to 0.28) min
(-0.17-0.38)
RR (95%CI): RR (95%CI):
NR
RR (95%CI): 1.00 aMD (95%CI): -0.68
1.07 (0.96-1.19) 1.08 (0.99-1.18)
(1.00- 1.01)
(-1.11 to -0.24) min

NR

14 (14 FP)

RCTs

8306

EAC vs CC

9 (4FP, 5 AB)

RCTs

7072

a
RR (95%CI): aRR (95%CI):
1.21 (1.03-1.41) 1.22 (1.07-1.40)

NR

Endorings
vs CC

1 (1 FP)

RCTs

116

RR (95%CI): RR (95%CI):
1.70 (0.86-3.36) 1.68 (0.94-2.99)

NR

2

RR (95%CI): 1.00 aMD (95%CI): -0.64
(0.90-1.02)
(-1.19 to -0.10) min

NR

RR (95%CI): 1.00 aMD (95%CI): -0.93
(0.98- 1.01)
(-1.55 to -0.30) min
NR

MD (95%CI): 0.90
(-1.47 to 3.27) min

1

refers to right colon ADR; 2refers to both first generation Endocuff and Endocuff Vision; 3network meta-analysis. aStatistical significant. ADR: Adenoma
detection rate; AMR: Adenoma miss rate; PDR: Polyp detection rate; MAC: Mean adenomas detected per colonoscopy; CIR: Cecal intubation rate; CIT:
Cecal intubation time; CAC: Cap-assisted colonoscopy; CC: Conventional colonoscopy; EAC: Endocuff-assisted colonoscopy; FP: Full paper; AB: Abstract;
RCT: Randomized controlled trial; NR: Not reported; OR: Odds ratio; 95%CI: 95% confidence intervals; RR: Relative risk; MD: Mean difference.

A

B

C

Figure 2 Endocuff (A) mounted on the tip of the scope (B) and the endoscopic view of the hinged projections during the withdrawal phase (C) (photos
from the authors’ archive).

in contact with the mucosa and during withdrawal, they
extend radially manipulating colonic folds away from
the field of view, allowing a more meticulous mucosa
inspection (Figure 2C). Moreover, the device stabilizes
the scope in the middle of the lumen and allows traction
against sudden slippage around flexures. Moreover, the
examiner’s visibility is not affected, since the device does

and inability to inspect the mucosa located behind
folds, to mention a few. Endocuff was launched in
2012 and its use was reported for the first time in a
small retrospective feasibility study where it facilitated
endoscopic access for complex polypectomy and scar
[36]
assessment in the sigmoid colon . The projections
move independently from another in a passive way when
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not extend beyond the tip of the scope and thus does not
interfere with suction, flushing or the working channel.
There are enough data regarding the effect of Endo
cuff on colonoscopy outcomes, since seven RCTs of
[37-43]
[44]
parallel
and one of tandem
design have been
[37,38]
published. The first German studies
-each recruiting
almost 500 patients who underwent colonoscopy for
various indications (screening included)-showed a
significant benefit of Endocuff-assisted colonoscopy (EAC)
compared to the conventional one regarding ADR (35.4%
vs 20.7%, P < 0.0001 and 36% vs 28%, P = 0.043,
[37,38]
respectively)
. Similar results regarding PDR were
also achieved (55.4% vs 38.4%, P < 0.0001 and 56%
vs 42%, P = 0.001, respectively), while only the second
[38]
study
detected a difference in the mean number of
adenomas detected per colonoscopy [2 (IQR: 1-3) vs 1
(IQR: 1-2), P = 0.002]. Regarding polyp location, both
studies identified a superiority of EAC for the detection of
polyps located in the sigmoid and the cecum. Moreover,
no major adverse events related to EAC were reported
and there were no differences between overall procedure
[37,38]
and withdrawal times
.
Similar positive results associated to Endocuff use
[39]
were reported from Japan (477 patients, mixed indi
[40]
cations for colonoscopy) and Mexico
(337 screening
individuals), where two single-centre RCTs demonstrated
increase of ADR (55.2% vs 39.2%, P = 0.0002 and
22.4% vs 13.5%, P = 0.02, respectively), PDR (61.9%
vs 49.2%, P = 0.003 and 29.9% vs 16%, P = 0.002,
respectively) and MAC (1.11 vs 0.66, P < 0.01 and 0.29
vs 0.22, P = 0.04) in the device arms. An Italian single[41]
centre study by De Palma et al enrolled 288 patients
with mixed indications and reported that EAC increased
ADR by 3.3% (29.6% vs 26.3%) compared to the
conventional colonoscopy. However, use of Endocuff was
associated with mucosal erosions in 7 (2.5%) cases,
with one of them needing to be treated with adrenaline
[41]
solution injection at the site of bleeding .
Additionally, in a recently published 4-arm multicenter
parallel-group study comparing Endocuff, Endorings,
FUSE and conventional colonoscopy, 299 and 295 pa
tients underwent Endocuff-assisted and conventional
[42]
high definition colonoscopy, respectively . EAC per
formed significantly better compared to conventional
colonoscopy in terms of ADR (64% vs 56%, P = 0.003),
PDR (83% vs 77%, P = 0.001) and MAC (1.82 ± 2.58
[42]
vs 1.53 ± 2.33, P = 0.014) . However, Endocuff did
not enhance the detection rate of sessile serrated polyps
[42]
(11% vs 12%, P = 0.047) . There were no differences
between the mean insertion time (354 s ± 216 s vs
422 s ± 319 s) for Endocuff-assisted and conventional
colonoscopy respectively and no adverse events were
[42]
reported . On the contrary, a benefit regarding ses
sile serrated adenoma/polyp detection was shown
[45]
in a retrospective veterans’ study
which included
almost 500 participants: Endocuff detected 50 sessile
serrated adenomas/polyps compared to 8 detected by
conventional colonoscopy (detection rate 15% vs 3%, P
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< 0.0001).
[43]
So far, the largest parallel RCT
failed to confirm
the positive results reported in the abovementioned
[43]
studies. In this multicentre study from the Netherlands
more than 1000 patients of various indications were
randomized to undergo either Endocuff-assisted or con
ventional colonoscopy; MAC and ADR consisted the
primary outcomes. ADR was the same in both groups
(52%, P = 0.92), whereas the higher number of ade
nomas per patient in the Endocuff group (1.36 ± 2.10
vs 1.17 ± 1.65) did not reach statistical significance
(P = 0.08). Interestingly, detection rates did not differ
either according to indication or between academic and
[43]
non-academic centres . Cecal intubation time was
significantly shorter in the Endocuff arm [median (IQR)
7 min (5-10) vs 8.3 min (6-12), P < 0.001] and there
[43]
were no Endocuff-associated adverse events .
[44]
Finally, a multicentre back-to-back study assessed
Endocuff in terms of adenoma miss rates. Two hundred
patients (86.5% were screening and surveillance cases)
were randomized (1:1) to undergo either initial EAC
[44]
followed by a conventional one or vice versa . EAC was
associated with lower adenoma miss rates, both overall
and in the proximal colon compared to conventional
colonoscopy (14.7% vs 38.4% and 10.4% vs 38.9%,
[44]
respectively) . It is worthy to note that all examinations
were performed by endoscopists with an historical ADR >
35%, suggesting that the device could enhance detection
ability even of experienced and skilled endoscopists.
Despite the fact that there were no serious adverse
events, in three index Endocuff examinations cecal intu
bation failed to be achieved, compared to none with the
[44]
conventional scope (P = 0.08) .

The Endocuff Vision

Despite its revolutionary design, Endocuff was associated
with a couple of drawbacks (mucosal erosions and dif
ficulties in terminal ileum intubation) that paved to way
for its descendant, namely Endocuff Vision (Norgine
Pharmaceuticals Ltd, Uxbridge, United Kingdom). This
single-use device is made of a polypropylene cylinder
and a single row of 8-longer than in the first generation
Endocuff-thermoplastic elastomer-made “spikes” (Figure
3). There are 4 different sizes with respective colors to fit
in all scopes ranging from pediatric to adult ones (Table 1).
Endocuff Vision is also mounted onto the tip of the scope
before insertion and its “spikes” fold around the scope
while it advances in the colon due to a hinge at the base
of each spike that thins progressively. On the other hand,
the “spikes” evert during withdrawal (Figure 3). This
leads to an early and controlled view of the upstream
surface of the large colonic folds in the right colon and
prevents sudden scope slip-back. Moreover, when in
the sigmoid colon, the device facilitates the opening
of contracted folds, permitting a clearer view of the inbetween mucosa. Similar to the first generation Endocuff
it optimizes the tip’s position during endoscopically
applied therapy (e.g., polypectomy).
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C

Figure 3 Endocuff-Vision (A), illustration (B) and endoscopic view (C) of the opened-out projections during the withdrawal phase (photos from the
authors’ archive).

Endocuff Vision has been evaluated only in two
[46,47]
parallel multicenter RCTs from the United Kingdom
.
[46]
The “ADENOMA” study
recruited 1772 adult patients
(45% screening). Of them, 884 underwent conven
tional colonoscopy and 886 Endocuff Vision-assisted
colonoscopy. ADR was significantly higher with EAC com
pared to conventional colonoscopy (40.9% vs 36.2%, P
= 0.02). The benefit of Endocuff Vision was even higher
in patients participating in the screening program, where
ADR was 61.5% for EAC compared to 50.9% (P < 0.001)
for the conventional colonoscopy arm. Similar results in
favor of EAC were also reported regarding PDR (54.1%
vs 48%; P = 0.005 and 73.9% vs 63.3%; P < 0.001
for the whole and the screening cohorts, respectively).
Of note, EAC showed a statistically significant increase
in the detection rate in the left colon (26.1% vs 2.2%;
P = 0.03), of small (10.6% vs 7.7%; P = 0.02) and of
diminutive adenomas (34.6% vs 30.8%; P = 0.04). It
[46]
should be underlined that in this study EAC detected
significantly more cancers both in the whole cohort
(4.1% vs 2.3%; P = 0.02) as well as in the screening
participants (6.6% vs 3.7%; P = 0.03). Moreover,
median insertion time was shorter with Endocuff Vision
compared to conventional colonoscopy (8 min vs 9 min;
P = 0.001). The investigators did not report any adverse
event related to use of Endocuff Vision; however the
device had to be removed in 4.1% of the cases mostly
due to acute angulation in a fixed sigmoid colon.
On the contrary, the “E-cap” study failed to show
any benefit in terms of ADR (60.9% vs 63%, P = 0.85),
PDR (70.3% vs 69.8%, P = 0.93) and MAC (1.3 ± 1.8
[47]
vs 1.4 ± 1.5, P = 0.54) . This single center study had
PDR as the primary endpoint. Only patients attending
the national screening program with a positive FOBT
test were enrolled and all four participating endoscopists
[47]
had an extremely high pre-study ADR (58.9%) . All
these reasons may attribute to the lack of any significant
benefit deriving from application of Endocuff Vision and
should be considered in the design of future “real-life”
studies, which should possibly include both endoscopists
with an average or even a low ADR and patients with
various indications for colonoscopy.
[48]
Finally, a pilot evaluation study demonstrated that
Endocuff Vision was associated with an improvement in
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endoscopists’ performance measured as increased ADR,
increased MAC and decreased insertion time. In this
[48]
non-randomized study , the investigators performed
410 screening colonoscopies in three periods (137 preEndocuff, 136 using Endocuff Vision and 137 postEndocuff). Overall, an increase in ADR (16%, P < 0.03)
and MAC (83%, P = 0.007) was noted between the
pre-Endocuff and the Endocuff period; this benefit was
maintained in the post-Endocuff period, where the device
was not available. A potential explanation could be that
during the Endocuff period the endoscopists had the
chance to comprehend their flaws during the withdrawal
phase, look for adenomas in more detail and improve
[49]
their skills . Interestingly, insertion time was statistically
lower during the Endocuff period compared to pre- and
post-Endocuff one (7 min vs 8 min, P = 0.002 and 7 min
[48]
vs 9 min, P = 0.002, respectively) ; no adverse events
[48]
were reported .

Data from meta-analyses

To date, three meta-analyses attempting to summarize
the impact of Endocuff devices on colonoscopy outcomes
[35,50,51]
have already been published
(Table 2).
[50]
The earliest one
meta-analyzed data from three
published papers and six studies presented as ab
stracts, four of which with a prospective and five with a
retrospective design. Eight studies (n = 4387) of mixed
populations reported on ADR, which was measured to
be higher for the Endocuff group [OR (95%CI): 1.49
2
[50]
(1.23-1.80), I = 50%] . In this pooled analysis, 27
patients (2.3%) in the Endocuff group experienced super
[50]
ficial mucosal lacerations .
A recently published meta-analysis updated these
data by including only RCTs (7 published and 5 pre
[51]
sented as abstracts) . Regarding ADR, data from
more than 8370 patients demonstrated a benefit of EAC
compared to conventional colonoscopy [RR (95%CI):
2
1.20 (1.06-1.36), P = 0.003, I = 79%]. Of interest,
this benefit was lower in the subgroup of studies with a
mean conventional arm ADR > 45% [RR (95%CI): 1.01
2
(0.93-1.09), P = 0.087, I = 0], while it was maximized
in the subgroup of studies with a respective ADR lower
than 35% [RR (95%CI): 1.51 (1.35-1.69), P < 0.001,
2
I = 43%]. These data imply a potential ancillary role of
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Figure 4 Endorings (A) mounted on the tip of the scope (B) and illustration of rings stretching during withdrawal phase (C) (photos courtesy of Endoaid).
[51]

the device especially for lower detectors . Furthermore,
a numerical higher MAC was detected in the Endocuffassisted colonoscopy group, but this difference did not
reach statistical significance [mean difference (95%CI):
[51]
0.11(-0.17 to 0.38] . Mean insertion times did not
differ between the two groups and 4% of the Endocuff
patients experienced adverse events (exclusively minor
[51]
lacerations) . This meta-analysis reported on additional
outcomes such as advanced ADR and right colon ADR,
with no difference detected between the two groups [RR
(95%CI): 0.93 (0.76-1.13), P = 0.47 and RR (95%CI):
1.36 (0.80-2.34), P = 0.26, respectively]. However,
the small number of studies included in the analysis
regarding these outcomes warrants caution when at
tempting to generalize the respective results.
Finally, similar results were shown in a network
meta-analysis investigating the comparative efficacy of
distal attachments in increasing detection rates during
[35]
colonoscopy . The mixed effect estimate (including
both pairwise and indirect treatment effects) supported
that ADR increased significantly with EAC compared
to the conventional examination [RR (95%CI): 1.21
[35]
(1.03-1.41)] . Interestingly and contrary to the
[51]
meta-analysis from Williet et al
this network meta[35]
analysis calculated a very modest benefit of Endocuff
regarding low (baseline ADR 10%) detectors [anticipated
ADR (95%CI): 11 (10-12)%] compared to a more
considerable effect [anticipated ADR (95%CI): 48
(14-56)%] on ADR of high detectors (baseline ADR
40%).

ring creating a wider lumen fenestration by stretching
the mucosa and colonic folds (Figure 4C) assisting the
detection of otherwise “hidden” lesions. Moreover, the
device maintains identical depth and width of scope
viewing by stabilizing the scope, maintaining position
during loop reduction, deceasing slippage and finally
by anchoring during application of endoscopic therapy.
Terminal ileum intubation is reported not to be limited
by use of the device. Endorings has been evaluated in
[42,52]
two RCTs
. In the first one, a multicentre back-to[52]
back study , 116 patients of mixed indications were
randomized to undergo initial examination using the
Endorings followed by conventional colonoscopy or vice
versa. Applying Endorings on the tip of the scope was
associated with a statistically significant lower adenoma
miss rate compared to conventional colonoscopy
(10.4% vs 48.3%, P < 0.001). A similar benefit was
also noted for polyp miss rates (9.1% vs 52.8%, P <
0.001). Endorings significantly decreased adenoma
miss rates both in the proximal (10.6% vs 58.1%, P <
0.001) and the distal colon (10% vs 37%, P < 0.001).
Cecal intubation time was shorter with conventional
colonoscopy compared to EndoRings-assisted colono
scopy (8.4 min vs 9.3 min), but this difference did not
achieve statistical significance.
In the aforementioned 4-arm parallel group multi
[42]
center study , 295 and 295 patients were allocated in
the in Endorings and the conventional colonoscopy arms
respectively. ADR did not differ between the two groups
(57% vs 56%). Moreover, in one of the participating
centers, insertion time was significantly increased when
Endorings was used (251 s vs 170 s, P = 0.003), but
this finding was not uniform for all participating centers
(overall time to cecum: 263 s vs 319 s, no statistical dif
ference). Of note, the device was not able to pass the
sigmoid colon in 6 patients, thus authors commented
that the larger the diameter of Endorings, the greater the
difficulty of scope insertion.

THE ENDORINGS
EndoRings (EndoAid Ltd., Caesarea, Israel) is a singleuse scope attachment consisting of 2 layers of flexible,
soft circular silicon rings placed on a cylindrical cuff (Figure
4A and B). Endorings fit on scopes of an outer diameter
ranging from 12.8 mm to 14.5 mm and two sizes for
adult and slim adult scopes are available (Table 1). The
flexible rings deflect to the opposite direction during
scope manipulation. In that way scope insertion is not
affected -minimal resistance may be noted- as the rings
fold at the side of the scope’s shaft without projecting
beyond the distal end of the scope. During withdrawal,
the two rings deploy with the proximal-most circular
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CONCLUSION
Detecting and removing precancerous lesions remains
the mainstay of screening colonoscopy. In this review,
data on how 4 different colonoscope attachments in
fluence detection rates were presented. The transparent
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attention to other well-established quality measures such
as high level education, adequate bowel preparation, and
adequate withdrawal time to ensure that they offer their
patients optimal clinical services.

cap was the first device launched in the market. CAC
achieves a better orientation during insertion by pushing
away the folded mucosa and reduces the time needed
to reach the cecum. During scope withdrawal, the cap
opens and manipulates colonic folds, revealing otherwise
[23]
obscured lesions . CAC has been validated extensively
and pooled data from numerous studies have linked it
[34]
with a significant increase in polyp detection . Taking
into account its simplicity in use, it can be an interesting
and accessible solution for colonoscopy outcome im
provement.
Endocuff and Endocuff Vision - two similar detachable
attachments - have been commercialized during the
last years. They are fitted at the tip of the scope and
enhance mucosa visualization through their openedout projections that flatten the colonic folds. Data
from studies conclude that their application increases
[35,50,51]
ADR
. Furthermore, they can prove to be beneficial
[51]
for both low adenoma detectors (increase in ADR) as
[44]
well as in high ones (decrease in miss rates). Moreover,
Endocuff and Endocuff Vision are safe, user-friendly and
affordable devices. Taking this into account, Endocuffassisted colonoscopy should be considered as a pivotal
part of the physicians’ arsenal in their effort to diminish
missed precancerous lesions during colonoscopy.
Endorings is the last device that was presented. It
functions in a -more or less- similar way to EAC. Its
double-layered rings stretch the mucosa and optimize
visualization. While significantly decreased adenoma
[52]
miss rates have been reported , this device has
[42,52]
been validated in only two studies
and more data
are definitely needed to reach safe and generalizable
conclusions regarding its effectiveness.
An issue that remains to be highlighted is the efficacy
of these devices in terms of screening colonoscopy.
To the best of our knowledge, no study has been con
ducted in an exclusively screening population yet.
Thus, conclusions are extrapolated only from studies
enrolling mixed populations (screening, symptomatic,
surveillance). Although promising, more robust data are
definitely needed in order to systematically assess the
performance of these mechanical novelties overall and
particularly in specific populations. Moreover, it is still
unknown whether all levels of endoscopists are to benefit
from their implementation. Finally, optimizing several
useful and simultaneously low-cost existing alternatives
(e.g., water-aided colonoscopy, second observer, dy
namic position change) may be as effective as these
add-on devices in improving colonoscopy and patient
outcomes. All the aforementioned reasons probably
prevent these devices from being integrated into current
everyday clinical practice worldwide.
In conclusion, technological advancements offer
physicians various choices to improve their performance
during colonoscopy. Undoubtedly, they can be considered
an adjuvant approach to improve colonoscopy outcomes
as they are feasible, easy-to-use, affordable and ef
fective. At the same time, these devices should not be
considered a panacea and physicians should always pay
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AIM
To investigate the effects of VSL#3 on tumor forma
tion, and fecal and intestinal mucosal microbiota in
azoxymethane/dextran sulfate sodium (AOM/DSS)
induced mice model.

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS
C57BL/6 mice were administered AOM/DSS to develop
the ulcerative colitis (UC) carcinogenesis model. Mice
were treated with 5-ASA (75 mg/kg/d), VSL#3 (1.5
× 10 9 CFU/d), or 5-ASA combined with VSL#3 by
gavage from the day of AOM injection for three months
(five days/week). The tumor load was compared in

Data sharing statement: No additional data are available.
ARRIVE guidelines statement: The ARRIVE Guidelines have
been adopted.
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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each group, and tumor necrosis factor (TNF-α) and
interleukin (IL)-6 levels were evaluated in colon tissue.
The stool and intestinal mucosa samples were collected
to analyze the differences in the intestinal microbiota
by 16s rDNA sequencing method.

shown an upward trend, leading to increased clinical
attention on UC-associated carcinogenesis. A recent
meta-analysis encompassing eight population-based
cohort studies reported a 1.6% prevalence of colorectal
cancer (CRC) in patients with UC, and the rate of CRC
[1]
was 2.4-fold higher than that in the general population .
Moreover, the existing treatment for UC is not satisfactory
for the prevention of carcinogenesis, involving several
risks and side effects with long-term usage. Thus, finding
new treatment regimens are essential.
Although the etiology of UC is yet to be elucidated,
several studies have indicated that the host intestinal
microbiota triggers an immune response that is requisite
[2]
for the onset of the disease . Microbiota also plays a
major role in promoting UC-associated carcinogenesis.
It downregulates the host immune response, improves
the epithelial barrier function, and increases the mucus
[3]
production . Previous studies demonstrated that
in the sterile intestinal environment, i.e., the lack of
intestinal microbiota, a significant reduction in carcino
genic mutations and intestinal tumor formation was
[4]
observed . Chronic inflammation plays a crucial role in
UC-associated tumorigenesis via cellular DNA damage,
[5]
telomere shortening, and senescence . Previous
studies demonstrated that probiotics exert a superior
[6]
therapeutic effect on inflammation and UC . VSL#3 is a
mixture of Lactobacillus casei, Lactobacillus plantarum,
Lactobacillus acidophilus, Lactobacillus delbrueckii subsp.
bulgaricus, Bifidobacterium longum, Bifidobacterium
breve, Bifidobacterium infantis, and Streptococcus
[7]
salivarius . It proved to be beneficial in the treatment
of UC, including remission and relief of the relapse in
[8-10]
mild to moderate disease
. Thus, we speculated that
probiotic treatment or adjuvant treatment of UC could
prevent carcinogenesis. One study demonstrated that
VSL#3 can inhibit UC-associated carcinogenesis in a
[11]
mouse model . However, the mechanism underlying
the VSL#3 treatment of UC carcinogenesis is yet to be
elucidated.
Therefore, in the present study, VSL#3 was selected
to investigate the effect of prevention on UC-associated
carcinogenesis and the differences between fecal
and mucosal microbiota were analyzed to gain a
theoretical insight for the prevention of UC-associated
carcinogenesis.

RESULTS
VSL#3 significantly reduced the tumor load in AOM/
DSS-induced mice model and decreased the level
of TNF-α and IL-6 in colon tissue. The model group
had a lower level of Lactobacillus and higher level of
Oscillibacter and Lachnoclostridium in fecal microbiota
than the control group. After the intervention with
5-ASA and VSL#3, Bacillus and Lactococcus were
increased, while Lachnoclostridium and Oscillibacter
were reduced. 5-ASA combined with VSL#3 increased
the Lactobacillus and decreased the Oscillibacter . The
intestinal mucosal microbiota analysis showed a lower
level of Bifidobacterium and Ruminococcaceae _UCG-014
and higher level of Alloprevotella in the model group as
compared to the control group. After supplementation
with VSL#3, Bifidobacterium was increased. 5-ASA
combined with VSL#3 increased the level of both
Lachnoclostridium and Bifidobacterium .
CONCLUSION
VSL#3 can prevent UC-associated carcinogenesis in mice,
reduce the colonic mucosal inflammation levels, and
rebalance the fecal and mucosal intestinal microbiota.
Key words: Tumor necrosis factor-α; VSL#3; Ulcerative
colitis carcinogenesis; Interleukin-6; Intestinal microbiota
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Microbiota and chronic inflammation play an
important role in the process of ulcerative colitis (UC)associated carcinogenesis. Our study found VSL#3
could effectively prevent UC-associated carcinogenesis
in azoxymethane/dextran sulfate sodium induced mice
and decrease the level of tumor necrosis factor-α and
IL-6 in colon tissue. The intestinal microbiota dysbiosis
exists in UC-associated carcinogenesis. Supplementary
VSL#3 is beneficial for rebalancing the fecal and
mucosal intestinal microbiota. Based on the data
presented here, VSL#3 may be a potential therapeutic
agent for UC-associated carcinogenesis prevention.

MATERIALS AND METHODS
Wang CS, Li WB, Wang HY, Ma YM, Zhao XH, Yang
H, Qian JM, Li JN. VSL#3 can prevent ulcerative colitisassociated carcinogenesis in mice. World J Gastroenterol 2018;
24(37): 4254-4262 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4254.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4254

Animals

Eight week old C57BL/6 male mice were purchased
from the Vital River Laboratory Animal Technology Co.
Ltd. (Beijing, China), housed under 12 h light/dark cycle
conditions (temperature 22 ± 1 ℃, humidity 40%-60%)
in the National Cancer Center/Cancer Hospital animal
facilities, and fed a standard diet for the duration of
the study. All animal experiments were conducted in
accordance with the recommendations of the Animal
Care Ethics and Use Committee of Peking Union Medical
College Hospital and approved by the same Committee

INTRODUCTION
Recently, the incidence of ulcerative colitis (UC) has
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Figure 1 Experimental protocol for ulcerative colitis-associated carcinogenesis model and treatment.

(XHDW-2015-0032).

and the total tumor load of each colon was calculated
(sum of the product of long and short diameter of each
tumor). Subsequently, the whole colon was divided into
four sections. The section near the anus washed with
0.9% saline to remove the non-adherent bacteria were
flash-frozen in liquid nitrogen and stored at -80 ℃ for
subsequent microbiota analysis. The remaining sections
were used for enzyme-linked immunosorbent assays
(ELISA) and histopathological examinations. A stool
sample was collected just before AOM injection and
sacrifice. A total of six mice were randomly selected
from each group, and their stool and intestinal mucosa
samples were sent to Allwegene (Beijing, China) for
analyzing the differences in intestinal microbiota by 16S
rDNA sequencing method.

Development of UC-associated carcinogenesis model
and in vivo treatment

All mice (n = 90) were initially housed together (5
animals/cage) for adaption one week before randomi
zation into five experimental groups: control (no
induction of UC-associated carcinogenesis, n = 10),
model (no treatment) (n = 20), 5-ASA treatment (n =
20), VSL#3 treatment (n = 20), and 5-ASA + VSL#3
treatment (n = 20). In order to establish the UCassociated carcinogenesis model, mice were injected
with 12.5 mg/kg body weight (BW) Azoxymethane
(AOM) intraperitoneally, and after one week, 2.5%
dextran sulfate sodium (DSS) (Mpbio, Solon, OH, United
States) was added to their drinking water for five days,
followed by ten weeks and two days of regular drinking
water. This modeling method was based on a method
[12]
described previously with some changes . The three
treatment groups, including 5-ASA, VSL#3, and 5-ASA
+ VSL#3 were gavaged 5-ASA (75 mg/kg BW, QD,
Ferring Pharmaceuticals Ltd, solubilized in drinking
9
water), VSL#3 (1.5 × 10 CFU/mice, QD, Sigma-Tau
Pharmaceuticals Ltd, solubilized in drinking water), and
9
5-ASA + VSL#3 (75 mg/kg BW + 1.5 × 10 CFU/mice,
QD) from the day of AOM injection. The control and
model group were not subjected to gavage (Figure 1).

Specimen collection

Fecal DNA extraction and pyrosequencing

Microbial genomic DNA was isolated using a QIAamp
DNA Micro Kit according to the manufacturer’s
instructions. The final quantity and quality of the
DNA were assessed at 260 nm and 280 nm using an
ultraviolet spectrophotometer and stored at -20 ℃
before further analysis. The V3-V4 hypervariable
regions of the 16S rDNA gene were subjected to highthroughput sequencing by Allwegene using the Illumina
Miseq PE300 sequencing platform (Illumina Inc., CA,
United States).

ELISA for tumor necrosis factor-α and interleukin-6 in
colon mucosa

th

The mice were sacrificed by the 12 week via tran
scardiac perfusion, and colon tissues were removed. The
colons were slit longitudinally along the main axis and
washed with 0.9% saline. The long and short diameter
of each tumor was measured using sliding calipers,

WJG|www.wjgnet.com

The levels of tumor necrosis factor (TNF)-α and in
terleukin (IL)-6 in the colon mucosa were measured
using commercial mouse TNF-α and IL-6 ELISA Kits
(eBioscience, United States), according to the manu

4256

October 7, 2018|Volume 24|Issue 37|

Wang C et al . VSL#3 can prevent UC carcinogenesis
35
5-ASA
VSL#3

Body weight (g)

30

5-ASA + VSL#3
Model

25

Control

20

15

0

2

4

6

8

10

12

t /wk

Figure 2 Body weight in each group.

facturer’s protocols. The absorbance was measured at
450 nm. The results were expressed as pg/mg tissue.
A total of eight mice were selected randomly from each
group for ELISA.

mucosal carcinoma or high-grade intraepithelial neoplasia
in mice treated with AOM/DSS. They were manifested
with colonic gland structure disorder, large nuclei, deep
staining, and nucleoplasmic ratio imbalance (Figure 4).

Statistical analysis

Effects of VSL#3 on UC-associated carcinogenesis

Data are presented as mean ± SE. All statistical analyses
were performed using GraphPad Prism Software Version
6.0 (GraphPad Software Inc., La Jolla, CA, United
States). Statistical differences between experimental
variants were assessed by two-tailed independent t-test,
and data from more than two groups were analyzed by
one-way ANOVA. Anosim and metastats analysis were
used for microbiota analysis. P < 0.05 was considered
statistically significant.

Treatment with AOM and DSS led to 100% (19/19,
one mouse died during the experiment due to fighting)
incidence of colonic neoplasms in the model group with
the mean tumor load of 0.97 ± 0.19 cm. 5-ASA and
VSL#3 administration significantly reduced both the
tumor formation rate and the tumor load (Table 1 and
Figure 5). Furthermore, no colonic tumor was detected
in the control group.

Colonic TNF-α and IL-6 level comparison

As illustrated in Figure 6 and Tables 2 and 3, the levels
of colonic tissue TNF-α and IL-6 in the model group
were significantly higher than that in the control group.
The increased levels of these inflammatory factors
induced by AOM/DSS were attenuated by 5-ASA and
VSL#3 treatment.

RESULTS
General health of mice in each group

As shown in Figure 2, compared to the control mice,
the body weight loss was significantly higher in mice
treated with azoxymethane/dextran sulfate sodium
(AOM/DSS) after day 10 of DSS administration, which
was accompanied by colitis symptoms, such as loose
and bloody stool and dim body hair, fatigue, and less
movement. These symptoms were alleviated when the
mice received ordinary drinking water. In week 9, some
mice treated with AOM/DSS presented bloody stool
again, as well as, anal prolapse in week 10. However, no
apparent weight loss was observed in the control mice,
and no significant differences were detected among the
five groups at the end of week 12.

VSL#3 treatment alters the composition of fecal
microbiota in AOM/DSS treated mice

In order to characterize the diversity of fecal-associated
community in UC-associated carcinogenesis, we used
Chao 1 and the observed species indexes, as well as
the Shannon and Simpson indexes. No significant
difference was detected in the diversity and composition
of fecal microbiota in each group at the beginning of
the experiment. After the 12-wk experiment, although
no statistically significant difference was detected in the
diversity among groups, the microbiota composition
was altered considerably. The change in the composition
of fecal microbiota induced by AOM/DSS administration
was characterized by a decrease in Lactobacillus
coupled with an increase in Oscillibacter and
Lachnoclostridium as indicated by metastats analysis
(P < 0.05). Both 5-ASA and VSL#3 supplementation
was associated with a significant increase in Bacillus
and Lactococcus and a decrease in Oscillibacter and

Establishment of UC-associated carcinogenesis mice
model

The mice were sacrificed by week 12, and the colorectal
tumors were observed in the model and treatment
groups (5-ASA, VSL#3, and 5-ASA + VSL#3). Strikingly,
the tumor was primarily localized in the distal two-thirds
of the colon. Anal tumor fusion and ring growth at the
end of the rectum were observed in mice with anal
prolapse (Figure 3). The pathological analysis showed
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Table 1 Tumor formation rate and tumor load in each group
Group

n

Tumor formation rate (%)

Tumor load (cm)

P value (vs model group)

5-ASA
VSL#3
5-ASA + VSL#3
Model
Control

20
20
19
19
10

65.0 (13/20)
65.0 (13/20)
63.2 (12/19)
100.0 (19/19)
0

0.43 ± 0.14
0.25 ± 0.07
0.46 ± 0.11
0.97 ± 0.19
0

0.0269
0.0009
0.0261
-

Table 2 Level of tumor necrosis factor-α in colon tissue in each group
Group

n

TNF-α (pg/mg tissue)

P value (vs model group)

5-ASA
VSL#3
5-ASA + VSL#3
Model
Control

8
8
8
8
8

14.66 ± 0.72
25.89 ± 5.25
21.33 ± 4.55
68.38 ± 18.73
10.49 ± 0.30

< 0.05
< 0.05
< 0.05
< 0.01

TNF-α: Tumor necrosis factor.

5-ASA

VSL#3
5-ASA + VSL#3

Model

Control

Figure 3 Representative image of colonic tumor in each group that was examined under naked eye.

Lachnoclostridium as compared to the model group (P
< 0.05). 5-ASA combined with VSL#3 increased the
level of Lactobacillus and decreased that of Oscillibacter
(P < 0.05) (Table 4).

and tumor load decreased after VSL#3 treatment
compared to the model group, while the levels of TNF-α
and IL-6 in the colon tissue in the model group were
significantly higher than the control group. After the 12
wk treatment of VSL#3, the increase in TNF-α and IL-6
caused by AOM/DSS declined significantly. These findings
[11,13,14]
were consistent with that of previous studies
. The
major risk of long-term chronic inflammation is tumor
[2]
occurrence . Thus, we speculated that VSL#3 could
prevent UC carcinogenesis by inhibiting the inflammatory
response.
Herein, we found differences between the fecal and
mucosal microbiota. In the case of fecal microbiota,
the model group mice possessed less Lactobacillus and
more Oscillibacter and Lachnoclostridium as compared
to the control group. Previous studies have shown
[15]
that Lactobacillus bulgaricus can reduce colitis , and
Lactobacillus rhamnosus can effectively maintain UC
[16]
remission . Oscillibacter and Lachnoclostridium are
newly discovered genera with respect to digestive
diseases. In the case of mucosal microbiota, the
level of the genus UCG-014 of Ruminococcaceae and
Bifidobacterium decreased, while that of Alloprevotella
increased in the model group as compared to the control

VSL#3 treatment alters the composition of mucosal
microbiota in AOM/DSS treated mice

For the mucosal microbiota, no difference was observed
in the community diversity among the groups after the
12-wk experiment. However, the distinct shift in the
microbiota composition was observed by PCA and Anosim
analysis (R > 0, P < 0.05). Further investigation into the
discrete bacterial taxa revealed that Ruminococcaceae
UCG-014 and Bifidobacterium decreased, while
Alloprevotella increased in the model group compared
to the control group. After supplementation with VSL#3,
Bifidobacterium was increased. Although 5-ASA alone did
not alter the mucosal microbiota, the combination with
VSL#3 increased Lachnoclostridium and Bifidobacterium
in the mucosa (Table 5).

DISCUSSION
The current study found that the rate of tumor formation
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Table 3 Level of interleukin-6 in colon tissue in each group
Group

n

IL-6 (pg/mg tissue)

P value (vs model group)

5-ASA
VSL#3
5-ASA+VSL#3
Model
Control

8
8
8
8
8

28.19 ± 6.80
99.71 ± 31.14
81.43 ± 26.98
254.20 ± 32.49
25.47 ± 5.50

< 0.0001
< 0.0500
< 0.0100
< 0.0001

IL-6: Interleukin 6.

Table 4 Comparison of fecal microbiota (abundance)
Genus
Lactobacillus
Oscillibacter
Lachnoclostridium
Bacillus
Lactococcus

Control (%)

Model (%)

5-ASA (%)

VSL#3 (%)

5-ASA + VSL#3 (%)

4.77
0.64
0.45
1.01
2.30

3.261
1.301
1.191
0.98
2.29

2.65
0.542
0.482
24.002
8.582

4.06
0.523
0.393
23.343
7.863

9.864
0.794
1.08
0.66
1.59

1

P < 0.05 between the model and control groups; 2P < 0.05 between the model and 5-ASA groups; 3P < 0.05 between the model and VSL#3 groups; 4P < 0.05
between the model and 5-ASA + VSL#3 groups.

A

B

Figure 4 Representative image of hematoxylin-eosin staining of colon tissue examined under a microscope (40 × and 100 ×). A: Control group, the colonic
mucosa glands were normal in the control group, the structure was regular, and the opening was good; B: Model group, the colonic gland structure presented disorder,
large nuclei, deep staining, and nucleoplasmic ratio imbalance.
[17]

cytokines . Bifidobacterium can produce bacteriocin and
organic acids against pathogens on intestinal mucosal
[18]
invasion . It regulates the intestinal mucosal immunity
and prevents the colonization of pathogens. The role
of Alloprevotella is not yet clarified as it is not reported
frequently in the digestive disease. Therefore, we
hypothesize that dysbiosis occurs during UC-associated
carcinogenesis, which reduces the beneficial types and
increases the detrimental types.
Previous studies have shown that supplementa
tion of probiotics can balance the intestinal microbiota
[6]
of UC patients , which led us to speculate that sup
plementation of probiotics can also balance the intestinal
microbiota of UC-associated carcinogenesis. The current
study demonstrated that Bacillus and Lactococcus were
increased, while Oscillibacter and Lachnoclostridium
were decreased in the feces following VSL#3 treatment
as compared to the model group. Some species of
Bacillus and Lactococcus are widely used as probiotics.
For example, Bacillus subtilis can significantly reduce

Tumor load (cm)

1.5

1.0

a

a

0.5
c

0.0
5-ASA

VSL#3 5-ASA + VSL#3 Model

Control

Figure 5 Tumor load in each group. aP < 0.05, bP < 0.01, cP < 0.001.

group. Some genus of Ruminococcaceae can consume
hydrogen to produce acetate, which is subsequently used
by Roseburia to produce butyrate that is not only the
main source of energy for intestinal epithelial cells but
can also inhibit the signaling pathway of proinflammatory
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Table 5 Comparison of mucosal microbiota (abundance)
Genus

Control (%)

Model (%)

5-ASA (%)

VSL#3 (%)

5-ASA + VSL#3 (%)

0.26
6.63
3.45
0.24

1.571
1.491
0.241
0.40

1.16
1.64
0.19
2.05

0.95
1.50
3.342
0.25

1.22
1.15
1.903
2.033

Alloprevotella
Ruminococcaceae_UCG-014
Bifidobacterium
Lachnoclostridium
1

P < 0.05 between the model and the control groups; 2P < 0.05 between the model and the VSL#3 groups; 3P < 0.05 between the model and the 5-ASA +
VSL#3 groups.

100

400

IL-6 (pg/mg tissue)

TNF-a (pg/mg tissue)
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a
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200
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5-ASA

VSL#3 5-ASA + VSL#3 Model

Control

Figure 6 Colonic tumor necrosis factor-α and interleukin-6 levels in different groups. aP < 0.05, bP < 0.01, cP < 0.001. TNF-α: Tumor necrosis factor-α; IL-6:
Interleukin-6.

DSS-induced colonic mucosal injury and inflammatory
factors in mice and improve the levels of short-chain
[19]
fatty acids . Lactococcus lactis exerts a protective
[20]
effect on DSS-induced colitis model mice .
Furthermore, Bifidobacterium increased in the mucosa
after VSL#3 supplementation, thereby suggesting that
VSL#3 supplementation, following the onset of AOM/
DSS-induced colitis, promotes a healthy gastrointestinal
bacterial community. Interestingly, VSL#3 is composed
of eight strains, including one Streptococcus, three
Bifidobacterium, and four Lactobacillus. However, none
of the above strains increased significantly in the fecal
intestinal microbiota after three-month gavage, suggesting
that the positive effect of probiotics on the intestinal
microbiota of the host is by regulating the proportion of
beneficial and harmful bacteria.
For the differences between fecal and mucosal
microbiota, we make the following explanation. There
are three kinds of Bifidobacterium in VSL#3, and
Bifidobacterium increased in mucosal microbiota but not
in fecal. This phenomenon indicated that Bifidobacterium
is easily colonized in the mucosa. Conversely, Bacillus
and Lactococcus increased in fecal microbiota after
VSL#3 intervention but not in the mucosa, indicating
that Bacillus and Lactococcus can colonize easily in the
feces. Strikingly, the four types of Lactobacillus in VSL#3
did not increase either in the fecal or mucosal microbiota,
thereby suggesting that the intestinal environment of
UC-associated carcinogenesis is not optimal for the
growth of Lactobacillus. Only in the 5-ASA + VSL#3
group, the increase in Lactobacillus was observed in
feces, which might be attributed to the low luminal pH.

WJG|www.wjgnet.com

However, these hypotheses necessitate further studies
for substantiation.
5-ASA is the first-line treatment for mild-to-moderate
UC, and studies have found that 5-ASA ≥ 1.2 g/d could
reduce the risk of carcinogenesis in patients with mild-to[21]
moderate UC . Thus, considering the clinical significance,
we designed the 5-ASA monotherapy group and the 5-ASA
+ VSL#3 group. Interestingly, the change in the fecal
microbiota in the 5-ASA group was similar to that in the
VSL#3 monotherapy group. The potential mechanisms
regulating the microbiota by 5-ASA are as follows: (1)
Change in the colonic luminal pH: 5-ASA is released in the
colon and translated into acetylsalicylic acid, which in turn,
[22]
can decrease the luminal pH . Low luminal pH is optimal
[23]
for the growth of Bifidobacteria and Lactobacilli ;
(2) improvement in the anoxia environment: 5-ASA
can inhibit the production of chemotactic eicosanoids
and cyclooxygenase 2 (COX2), which induces anoxia
and can inactivate the oxygen-derived free radicals,
improving the anoxia situation, which might affect the
[22]
composition of intestinal microbiota ; and (3) 5-ASA can
downregulate the expression of genes that are involved in
bacterial metabolism, invasiveness, and antibiotic/stress
[24]
resistance .
Nevertheless, the present study has some limitations.
Herein, we only observed the phenomenon of gut
microbiota changes while the specific role of flora is yet
to be explored. Our future in vitro studies would focus on
the underlying mechanisms.
In conclusion, the current study demonstrated that
VSL#3 prevented UC-associated carcinogenesis in the
AOM/DSS-induced mice model and decreased the level of
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TNF-α and IL-6 in colon tissue. The intestinal microbiota
dysbiosis was exhibited in UC-associated carcinogenesis
mice. Supplementary VSL#3 was beneficial for a
balanced fecal and mucosal microbiota in UC-associated
carcinogenesis mice. Taken together, VSL#3 may serve
as a potential therapeutic agent for the prevention of UCassociated carcinogenesis. Ongoing studies in our group
are focused on the underlying mechanisms.

and Peking Union Medical College.
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Abstract
AIM
to identify functional proteins involved in pancreaticduodenal homeobox-1 (PDX1)-mediated effects on gastric
carcinogenesis.
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METHODS
A PDX1-overexpressed model was established by
transfecting gastric cancer cell line SGC7901 with
pcDNA3.1(+)-PDX1 vector (SGC-PDX1). Transfection
with empty pcDNA3.1 vector (SGC-pcDNA) served as
control. Comparative protein profiles of the two groups
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were analyzed by two-dimensional electrophoresis basedproteomics (2DE gel-based proteomics). The differential
proteins identified by 2DE were further validated by qRTPCR and immunoblotting. Finally, co-immunoprecipitation
was used to determine any direct interactions between
PDX1 and the differential proteins.

mation of embryos by encoding many homeodomain
[1,2]
transcriptional regulators . The human gene of pan
creatic-duodenal homeobox-1 (PDX1) is located at
[3]
chromosomal locus 13q12.1 . In adults, PDX1 is ex
pressed in Brunner’s glands of the duodenum, pancreatic
β cells and gastric pyloric gland cells. As one of the key
homeodomain transcription regulators, PDX1 plays
an important role in the development of the digestive
[4,5]
system, including antrum, duodenum, and pancreas .
PDX1 is also a biomarker of pancreatic stem cells and
[6]
regulates normal islet function . In addition, PDX1 is
expressed in the distal stomach and is involved in the
secretion of hormones, such as somatostatin, serotonin,
[4]
and gastrin . Dysregulation of PDX1 may lead to
pancreatic and gastric carcinogenesis. For example, over
expression of PDX1 was shown to be associated with
the development of pancreatic cancer as it promoted
proliferation, invasion, and colony formation in cancer
[7]
cells . Moreover, we earlier reported downregulation
of PDX1 in gastric cancer, which suggests its potential
role as a tumor suppressor. Further, overexpression
of PDX1 induced apoptosis and inhibited proliferation,
clone formation, and migration of gastric cancer cells.
In addition, stable transfection with PDX1 was shown to
[8]
suppress development of gastric cancer in vivo . We
have also shown that silencing of PDX1 in gastric cancer
is likely caused by promoter hypermethylation and
[9]
histone hypoacetylation . However, the downstream
mechanism by which PDX1 mediates gastric tumori
genesis remains elusive.
Proteins are the fundamental molecules that perform
cellular functions. Changes in the protein expression
profile under pathological conditions may reflect potential
pathogenic mechanisms. Proteomic approaches represent
a powerful tool to explore the underlying mechanism
of tumorigenesis by characterizing the cellular events
related to tumor development, angiogenesis, and pro
gression. A number of proteomic approaches have
been used to investigate the pathogenesis of gastric
[10-12]
cancer
. Among these, 2D gel electrophoresis is a
conventional approach and has been the principal step
in the development of proteomics. Subsequent to 2D
gel electrophoresis, protein expression profiles have
been elucidated by computational image analysis and
[13]
identified by mass spectrometry . Although a number
of different proteomics techniques have evolved in recent
years, 2DE-based proteomics is still widely used to
[14]
identify cancer-associated proteins .
To clarify the role of downstream mediators of PDX1
in gastric tumorigenesis, we established a PDX1-over
expressed gastric cancer cell model by transfection. After
validation of the PDX1 overexpressed model, we used
a 2D gel-based proteomic approach to determine the
differentially expressed proteins as compared to that in
the empty vector transfected gastric cancer cells. The
expressions of identified candidate proteins were further
assessed by real-time qRT-PCR and/or immunoblotting.
Finally, co-immunoprecipitation was used to examine
whether a differential protein, HSP70 has direct inter

RESULTS
2DE gel proteomics identified seven differential proteins
in SGC-PDX1 when compared with those in SGC-pcDNA.
These included four heat shock proteins (HSPs; HSP70p1B,
HSP70p8, HSP60, HSP27) and three other proteins (ER60,
laminin receptor 1, similar to epsilon isoform of 14-3-3
protein). Immunoblotting validated the expression of the
HSPs (HSP70, HSP60, HSP27). Furthermore, their expres
sions were lowered to 80%, 20% and 24%, respectively,
in SGC-PDX1, while PDX1 exhibited a 9-fold increase,
compared to SGC-pcDNA. However, qRT-PCR analysis
revealed that mRNA levels of the HSP s were increased in
SGC-PDX1, suggesting that the expression of the HSP s
was post-translationally regulated by the PDX1 protein.
Finally, co-immunoprecipitation failed to identify any direct
interaction between PDX1 and HSP70 proteins.
CONCLUSION
This study demonstrates the potential involvement of
HSPs in PDX1-mediated effects on the genesis of gastric
cancer.
Key words: Pancreatic-duodenal homeobox-1; Heat shock
proteins; Gastric cancer; Proteomics; Two-dimensional
electrophoresis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using a pcDNA3.1(+)-pancreatic-duodenal
homeobox-1 (PDX1) vector, a PDX1-overexpressed model
was built. Seven differential proteins were identified
in SGC-PDX1 by two-dimensional electrophoresis gel
proteomics compared with those in SGC-pcDNA. Four
heat shock proteins were identified and confirmed by im
munoblotting. qRT-PCR analysis further revealed that the
expression of the HSP s was post-translationally regulated
by the PDX1 protein. This study suggests the potential
involvement of HSPs in PDX1 mediated effects on gastric
carcinogenesis.
Ma J, Wang BB, Ma XY, Deng WP, Xu LS, Sha WH. Potential
involvement of heat shock proteins in pancreatic-duodenal
homeobox-1-mediated effects on the genesis of gastric cancer:
A 2D gel-based proteomic study. World J Gastroenterol 2018;
24(37): 4263-4271 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4263.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4263

INTRODUCTION
Homeobox genes greatly contribute to the pattern for
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actions with PDX1 protein. Our results will greatly extend
our understanding of the mechanisms of PDX1 mediated
effects on gastric tumorigenesis.

expressed protein profiles.
The differential protein spots between the two
groups were excised using an automated Spot Handling
Workstation (Amersham pharmcia, Biotech) and were
subjected to discoloration and dehydration. The proteins
were digested by trypsin and the peptides were obtained
using peptide extraction buffer. The peptide suspension
was vacuum-dried and resuspended in D/W. The resus
pended peptide extracts were then spotted on a matrixassisted laser-desorption ionization (MALDI) target.
MALDI-MS analysis was conducted through a MALDItime-of-flight (MALDI-TOF) mass spectrometer (Applied
Biosystems, United States) and peptide mass mapping
was performed by searching the NCBInr database.

MATERIALS AND METHODS
Cell culture

Human gastric cancer cell line SGC7901 was cultured
in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS), 100 μg/mL streptomycin, and 100
μg/mL penicillin. The cells were maintained in a constant
temperature incubator at 37 ℃ and 5% CO2. The cells
were harvested and passaged as required.

Cell transfection and protein sample preparation

qRT-PCR analysis

The vector of pcDNA3.1(+)-PDX1 was established accor
[15]
ding to the methods previously published . The SGC7901
cells were cultured in 6-well plates and transfected with
pcDNA3.1(+)-PDX1 vector (SGC-PDX1) or pcDNA3.1(+)
control vector (SGC-pcDNA) using liposome transfection
reagent (Lipofectamine™ 2000 Transfection Reagent,
ThermoFisher Scientific, United States). After six
hours, fresh complete medium was used to replace
the transfection medium and the cells of each group
were aliquoted in triplicate. After 24-h incubation, the
transfected SGC7901 cells were harvested for protein
extraction. Initially, the culture plates were placed on ice,
followed by addition of 250 μL lysis buffer for 10 min. The
lysed cells were scraped off and sonicated for 10 min.
Subsequently, the cell lysates were centrifuged at 20000
g for 30 min, and the supernatant containing cell proteins
was collected. The whole cell lysate proteins were purified
using a Cleanup kit (ProteoPrep® Total Extraction Sample
Kit, Sigma-Aldrich, United States) to remove salt and
lipid impurities. Protein concentration was determined by
bicinchoninic acid (BCA) method. Finally, 600 μg protein
from each sample was used for 2D gel electrophoresis.

Total RNA from the cells was isolated using a MiniRNease RNA extract kit (Qiagen, Germany) according
to the manufacturer’s instructions. cDNA was reversetranscribed from total RNA using a Thermoscript RT-PCR
system (Gibco BRL, Gaithersburg, MD, United States).
Applied Biosystems Sequence Detection System 7900
(Applied Biosystems, United States) was used to perform
the qRT-PCR analysis. The reaction was performed using
10 μL mixture of 300 ng cDNA templates, 500 nmol
of each primer and Power SYBR GREEN PCR Master
Mix (Applied Biosystems, United States) as previously
[8]
reported . The generated melting curves and CT values
were used to calculate the copy numbers of PDX1 or
HSPs mRNA. Online tool was utilized to design the PCR
primers and the corresponding sequences, which are
shown in Table 1.

Immunoblotting

2D gel electrophoresis, image analysis, and mass
spectroscopy

2D gel electrophoresis was performed according to the
[16]
method described elsewhere . The first-dimensional
isoelectric focusing of protein sample was conducted
™
on Immobiline pH 3-10 IPG linear strips (Amersham,
Pharmacia Biotech Inc.), and focused by an IPGphor
electrophoresis system (Ettan IPGphor Isoelectric
Focusing System, Amersham Biosciences, United States)
by following the manufacturer’s instructions. During
second dimensional separation, focused strips were
subjected onto the top of 12.5% SDS-PAGE gradient gels
and overlaid with 1% agarose gel buffer. The gels were
run under 20 ℃ at a speed of 15 mA/gel in stacking gel
and 30 mA/gel in resolving gel until bromophenol blue
front was within 0.5-1 cm of the gel bottom. The 2D gels
were then stained with silver and scanned with UMax
Powerlook 2110XL (GE Amersham). Image analysis was
conducted using Image Master 2D platinum 5.0 software
(Amersham pharmcia, Biotech) to identify differentially

WJG|www.wjgnet.com

[8]

As described in our previous study , the whole cell
lysate protein was mixed with SDS-PAGE sample buf
fer and boiled for five minutes. Prepared protein sam
ples were separated by SDS-PAGE electrophoresis and
electrotransferred onto polyvinylidene ﬂuoride mem
branes. After blocking, the membranes were blotted with
primary antibodies against PDX1, HSP27, HSP60, and
HSP70 (Santa Cruz Biotechnology). The membranes
were then incubated with horseradish peroxidase (HRP)conjugated secondary antibodies and visualized using
an enhanced chemiluminescence system (Amersham,
Piscataway, NJ, United States).

Co-immunoprecipitation

SGC7901 cells were co-transfected with both pc
DNA3.1(+)-PDX1 and pcDNA3.1(+)-HSP70 plasmids and
cultured for 24 h. The cells were subsequently washed
with PBS and lysed using lysis buffer (1 mmol/L pheny
lmethylsulfonyl fluoride, 5 mmol/L 2-mercaptoethanol,
2 mmol/L MgCl2, 20 mmol/L HEPES, 150 mmol/L NaCl,
10 μg/mL leupeptin and 10 μg/mL aprotinin). The lysates
were transferred onto protein A beads (Thermo Fisher
Scientific) and incubated overnight with primary antibodies
for PDX1 or HSP70 (Santa Cruz Biotechnology) at 4 ℃.
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Table 1 Primer sequences of pancreatic-duodenal homeobox-1 (PDX1 ) and heat shock protein (HSP ) genes used in the RT-PCR
analysis
Reverse

Product size (bp)

5’-CGTGAGCTTTGGTGGATTTCAT-3’
5’-GGGGTCATTGATGGCAACAATA-3
5’-TTTCCGTCCAATCAGCCTCTT-3’
5’-GCTCATTGATGATCCGCAACAC-3’
5’-CAAGCAGTACGGAGGCGTCT-3’
5’-CCAGGACCAGGTCGTGAATC-3’
5’GCCGATCAGACGTTTAGCATC-3’
5’-CTTTACTTGGCGGCAGTCTC-3’
5’-CCCTCTTCTCCAAACACTGC-3’

92
108
196
224
200
148
227
237
188

SG
HSP27

B

CP

Cp

cD
NA

A

Forward
5’-ATCTCCCCATACGAAGTGCC-3’
5’-ATGGGGAAGGTGAAGGTCG-3’
5’-CACCACCTATTCGTGCGTC-3’
5’-CAAGGTGCGCGTATGCTAC-3’
5’-GGAGGTGGCACTTTTGATGTG-3’
5’-TTTGAGGGCATCGACTTCTACA-3
5’-CTACTGCCAAGGGAATCGCC-3’
5’-GGACGAGCATGGCTACATCT-3’
5’-CACCGTAAGCCTTTGGTCAT-3’

SG

PDX1
GAPDH
HSPA2
HSPA6
HSPA8
HSPA1B
HSPA1L
HSP27
HSP60

DX
1

Gene name

3.5
27 kDa

SGC-pcDNA
SGC-PDX1

3.0
2.5

60 kDa

HSP70

70 kDa

a
Ratio

HSP60

2.0
1.5
1.0

PDX1

46 kDa

0.0
GAPDH

a

0.5

HSP27

HSP60

HSP70

         PDX1

37 kDa

Figure 1 Pancreatic-duodenal homeobox-1 overexpression regulated the expression of heat shock proteins in gastric cancer SGC7901 cells. A:
Immunoblotting analysis confirmed the enhanced expression of PDX1 protein after PDX1-pcDNA transfection in SGC7901 cells. It also revealed that PDX1
overexpression could downregulate the expression of HSP27, HSP60, and HSP70 proteins in SGC-PDX1 cells; B: Quantitative analysis of the results of
immunoblotting indicated that HSP70 protein was significantly decreased in SGC-PDX1 cells. aP < 0.05.

of pcDNA3.1(+)-PDX1 (SGC-PDX1). The whole cell lysate
proteins were extracted and subjected to immunoblotting
to confirm the establishment of PDX1 overexpressed
model. As shown in Figure 1A, the expression of PDX1 in
pSGC-PDX1 cells was significantly increased compared
to that in the SGC-pcDNA cells. These results indicated
the successful establishment of a PDX1 overexpressed
model, which was further used for 2D gel-based
proteomic analysis.

The beads were washed twice using lysis buffer to remove
unbound proteins. To elute the bound proteins, the beads
were then resuspended in sample buffer and boiled at
95 ℃ for three minutes. The collected unbound and bound
proteins were stored at -80 ℃ for further use during
immunoblotting.

Statistical analysis

Data are presented as mean ± SD, and the differences
in continuous variables were assessed by Mann-Whitney
U test (Student t test). P-values < 0.05 were considered
statistically significant and all statistical tests were twotailed.

Differentially expressed protein profiles in PDX1
overexpressed model revealed by 2D gel-based
proteomics

The comparative protein profile of PDX1 overexpressed
model and control group was determined using 2D PAGE
coupled with MALDI-TOF-MS. The 2-DE maps were
displayed between a pH range of 3-10. Figure 2A and
2B shows the representative 2-DE maps of SGC-PDX1
and SGC-pcDNA. Compared with SGC-pcDNA control
cells, seven proteins were found to be downregulated
about two-fold in SGC-PDX1 cells (Figure 2C). The seven

RESULTS
Establishment of PDX1 overexpressed model using
gastric cell line

To study the downstream mechanisms of PDX1 in gastric
carcinogenesis, we established a PDX1 overexpressed
model of gastric cancer cell line SGC7901 using a vector
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A

PH 3-10

Validation of differentially expressed proteins by qRTPCR and immunoblotting

SGC-pcDNA
1 2

3
5

7

Through literature search and review, we found that
the heat shock proteins (HSPs) were shown to play
an important role in the regulation of tumorigenesis,
including proliferation, invasion, and colony formation of
[17-19]
cancer cells
. This finding suggested that the HSPs
might also be involved in gastric carcinogenesis because
they also showed differential protein expressions in
SGC-PDX1 as revealed by 2D gel-based proteomics.
Therefore, we selected the heat shock proteins for further
evaluation.
SGC7901 cells were maintained under the same
culture conditions and transfected with corresponding
vectors as mentioned earlier. Total RNA and whole cell
proteins were extracted for qRT-PCR and immunoblotting,
respectively. The expression of PDX1 mRNA was signifi
cantly upregulated in SGC-PDX1 cells as compared to
that in the control group (Figure 3). This indicated the
successful transfection of SGC7901 cells with the PDX1
gene. In addition, the mRNA levels of the HSP70 isoforms
(HSPA1B, HSPA1L, HSPA2, HSPA6), HSP27, and HSP60
were found to have increased after PDX1 overexpression
(Figure 3) in SGC7901 cells. Immunoblotting confirmed
that the expression of the PDX1 protein was significantly
increased in SGC-PDX1 cells. Moreover, the expression
of HSP70, HSP27, and HSP60 were downregulated
in SGC-PDX1 cells (reduced to 80%, 24%, and 20%,
respectively), which was consistent with the proteomic
results (Figure 1). However, these results demonstrated
the opposite patterns of mRNA and protein expression
of HSP70, HSP27, and HSP60 in SGC-PDX1 cells, which
suggests that the expressions of these proteins were
post-translationally regulated in SGC-PDX1 cells.
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Interaction between PDX1 and HSP70 evaluated by coimmunoprecipitation

7

Results of immunoblotting showed that the difference in
the expression of HSP70 between the two groups was
much higher than that for the other two HSP proteins,
which emphasized the significance of the HSP70 protein
in PDX1-mediated effects on gastric tumorigenesis.
Therefore, we further evaluated whether PDX1 and
HSP70 proteins have direct interactions. SGC7901 cells
were co-transfected with both pcDNA3.1(+)-PDX1 and
pcDNA3.1(+)-HSP70 plasmids and cultured for 24 h.
The whole cell lysate protein of co-transfected SGC7901
cells were then subjected to co-immunoprecipitation.
As illustrated in Figure 4A, both PDX1 and HSP70 pro
teins were identified in the cell lysate proteins of cotransfected SGC7901 cells, which confirmed the input
of PDX1 and HSP70 proteins in co-immunoprecipitation
assay. The whole cell lysate proteins were then subjected
to co-immunoprecipitation assay using precipitating
antibodies against PDX1 and HSP70. The corresponding
immunoprecipitated proteins were further detected
by immunoblotting using primary antibodies against
HSP70 and PDX1. Interestingly, no significant binding
between PDX1 and HSP70 proteins was observed (Figure

6

Figure 2 Two-dimensional electrophoresis-gel images of proteins from
SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1)
vector and SGC7901-pcDNA cells. A and B: Representative 2DE-gel
images of SGC-PDX1 and SGC-pcDNA groups. The differentially expressed
proteins are indicated by circles; C: Close-up images of the differential protein
spots between SGC-PDX1 and SGC-pcDNA groups. 2DE: 2-dimensional
electrophoresis.

differentially expressed protein spots were excised from
replicate 2D-gels and the corresponding peptides were
obtained by proteolytic digestion. Extracted peptides
were subjected to MALDI-TOF-MS analysis and then the
database search was performed. The seven differentially
expressed proteins were identified as, heat shock protein
(70 kDa) and its isoforms, heat shock protein (60
kDa), heat shock protein (27 kDa), glucose regulated
protein (58 kDa), laminin receptor 1, epsilon isoform of
14-3-3 protein. The detailed information of the seven
differentially expressed proteins is shown in Table 2.
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Table 2 Differential protein spots between SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) vector and
SGC7901-pcDNA cells analyzed by matrix-assisted laser desorption ionization-time of flight-mass spectrometry
Spot No.
S1

S2

S3
S4
S5
S6
S7

Rank protein name

Accession No.

Heat shock 70 kDa protein 8 isoform 2 (homo sapiens)
HSPA8 protein (homo sapiens)
Heat shock 70 kDa protein 2 (homo sapiens)
Heat shock 70 kDa protein 6 (HSP70B’) (homo sapiens)
DNAK-type molecular chaperone HSPA1L-human
HSPA1A protein (homo sapiens)
Heat shock 10 kDa protein 1-like (homo sapiens)
Heat shock 70 kDa protein 1-like (homo sapiens)
Heat shock 70 kDa protein 1B (homo sapiens)
Chaperonin 60 (Hsp60) (homo sapiens)
ER-60 protein (homo sapiens)
Glucose regulated protein 58 kDa (Bos taurus)
Ribosomal protein SA (laminin receptor 1) (homo sapiens)
PREDICTED: Similar to epsilon isoform of 14-3-3 protein
Heat shock 70 kDa protein 1B (homo sapiens)

gi 24234686
gi 48257068
gi 3287 9973
gi 55960611
gi 2119712
gi 14414588
gi 55961919
gi 21759781
gi 55962554
gi 6996447
gi 2245365
gi 27805905
gi 47125390
gi 57091321
gi 55962554

4B), which implied that there was no direct interaction
between PDX1 and HSP70 proteins.

Protein score
CI%

Protein MW

595
546
290
81
559
558
372
361
296
375
223
113
204
53
67

100
100
100
100
100
100
100
100
100
100
100
100
100
37.851
97.468

53598.4
54804.2
70263.0
71440.4
70110.0
70294.1
70730.5
70748.4
52199.8
61187.4
57146.9
57293.0
32933.5
29326.5
52199.8

shown to function as a tumor promoter by enhancing
[28]
the proliferation, invasion , and induction of acinar-to[29]
ductal metaplasia
in pancreatic cancer. Hence, there
is a growing interest to develop a novel therapy for
pancreatic cancer by targeting PDX1. Interestingly, PDX1
was also found to be associated with the tumorigenesis
[30]
[31]
of gastric cancer. Both Faller et al
and Sakai et al
have reported abnormal expression of PDX1 protein
in pseudo-pyloric glandular metaplasia. In a previous
study, we found that PDX1 protein was downregulated in
Helicobacter pylori infection, incisural antralisation, and
[32]
intestinal metaplasia . We further identified significantly
decreased PDX1 mRNA and PDX1 protein expression in
gastric cancer cells. Downregulation of PDX1 in gastric
cancer tissues might be caused by promoter hyper
[9]
methylation and histone hypoacetylation . We also
observed that the transient overexpression of the PDX1
gene could inhibit proliferation and induce apoptosis of
gastric cancer cells. Moreover, stable overexpression of
the PDX1 gene suppressed colony formation, wound
healing, migration of gastric cancer cells, and decreased
tumor incidence in nude mice; these findings imply that
PDX1 may act as a tumor suppressor in the context of
[8]
gastric cancer .
In the present study, we sought to clarify the down
stream mediators of PDX1-mediated effects on gastric
cancer tumorigenesis. We used 2D gel-based proteomics
to identify differentially expressed proteins between
PDX1-overexpressed gastric cancer cells and the control
empty vector transfected gastric cells. Seven differentially
expressed proteins were identified by proteomic ana
lysis, which included three heat shock proteins. The
three HSPs proteins, HSP70, HSP60, and HSP27,
were significantly decreased in gastric cells after PDX1
overexpression. The results of immunoblotting analysis
were consistent with those of proteomics analysis.
However, the mRNA levels of HSP70, HSP60, and HSP27
were significantly increased after PDX1 overexpression.
These results indicated that overexpression of PDX1

DISCUSSION
Gastric cancer is a leading cause of cancer-associated
[20]
mortality across the world . Despite years of extensive
research, the molecular mechanisms involved in the
pathogenesis of gastric cancer are not completely
understood. Recent advances in proteomics display its
great potential for use in cancer diagnosis, prognostic
assessment, and to understand the molecular mechanism
of carcinogenesis. Proteomic approaches have been
[21-23]
widely applied in research on gastric cancer
. Liu
[24]
et al
used 2D gel-based proteomics to compare the
differential serum protein profiles between gastric cancer
patients and healthy controls, and identified several
[22]
serum biomarkers for gastric cancer. Poon et al
also demonstrated that an exclusive serum proteomic
fingerprint, identified by SELDI-based proteomics, can
be used for noninvasive diagnosis of gastric cancer. In
addition, many prognostic biomarkers of gastric can
cer were identified by proteomic approaches, such as
[25]
[25]
[26]
S100P
and S100A9
proteins. Chen et al
utilized
a quantitative proteomic technique to identify the diffe
rentially expressed proteins in metastatic gastric cancer
cells as compared to that in noninvasive gastric cancer
cells. After downstream validation, they found that
vimentin and galectin-1 were potential markers of gastric
cancer metastasis and suggested their involvement in
cell-cell and cell-ECM adhesion interactions.
PDX1 is a member of the homeobox family and
plays an important role in the development of embryonic
digestive system. A previous study demonstrated that
PDX1 knockout mice showed abnormal growth of gastro
duodenal junction, which increased the difficulty in
emptying gastric contents and ultimately led to gastric
[27]
retention . Aberrant expression of the PDX1 gene
has been associated with carcinogenesis. PDX1 was
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Figure 3 Comparisons of mRNA levels of the heat shock proteins in SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) vector and
SGC7901-pcDNA cells. The mRNA expressions of HSPs in SGC-PDX1 and SGC-pcDNA cells were compared by qRT-PCR. The relative mRNA levels of two of
HSP70 isoforms (HSPA1B and HSPA2) and HSP60 were significantly increased in the SGC-PDX1 group, while no significant differences were identified for the other
HSP genes. (aP < 0.05). HSPs: Heat shock proteins.

could downregulate HSP70, HSP60, and HSP27 proteins
through post-translational regulation pathways, such
as mRNA degradation, glycosylation, degradation, or
phosphorylation.
HSPs are a group of chaperone proteins that play dual
[33]
roles in tumorigenesis . HSP70, HSP60, and HSP27
proteins were reported to be upregulated in gastric
cancer and associated with tumor progression and poor
[34-36]
prognosis
. Our immunoblotting analysis revealed
that HSP70 proteins showed the greatest differential
expression in PDX1-overexpressed gastric cells, which
emphasized its significance in PDX1 mediated effects on

WJG|www.wjgnet.com

gastric cancer tumorigenesis. Besides, HSP70 protein
was shown to serve as a tumor promoter in gastric
[37,38]
cancer by reducing apoptosis
. Therefore, PDX1
might affect the apoptosis of gastric cancer cells by
regulating the expression of HSP70. To further evaluate
the interaction between PDX1 and HSP70, we performed
a co-immunoprecipitation assay. However, no direct
interactions could be found between the two proteins,
which indicates that there may be some intermediate
mediators that link PDX1 and HSP70 proteins in the
regulation of gastric cancer tumorigenesis. Hence, fur
ther studies are warranted to elucidate the relationship
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Figure 4 Results of co-immunoprecipitation analysis showing no direct interaction of pancreatic-duodenal homeobox-1 (PDX1) and HSP70 in SGC7901
with pcDNA3.1(+)-PDX1 cells. A: Both PDX1 and HSP70 proteins were detected in the whole cell lysate proteins of co-transfected SGC7901 cells, ensuring the input
of PDX1 and HSP70 proteins in the co-immunoprecipitation experiment; B: The immunoprecipitated proteins obtained by precipitating antibodies against PDX1 or
HSP70 were immunoblotted by HSP70 or PDX1, respectively. No direct interactions between PDX1 and HSP70 were detected.

Research conclusions

between PDX1 and HSP70, along with a detailed
mechanism regarding their collaboration to regulate
gastric tumorigenesis.
In conclusion, our study showed that proteomics
is a powerful tool to study the molecular mechanisms
involved in the genesis of gastric cancer. In addition, the
inhibition of PDX1 in gastric cancers may contribute to
the upregulation of HSPs, especially HSP70.

HSPs are involved in PDX1-mediated effects on the genesis of gastric cancer
and the interaction between HSP70 and PDX1 is indirect.

Research perspectives

This study demonstrates the involvement of HSPs in PDX1-mediated effects on
gastric tumorigenesis. Further study is warranted to elucidate the downstream
regulating mechanism of PDX1 on HSPs.
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Research background

As one of the homeobox genes that play critical roles in the pattern formation
of embryos, pancreatic-duodenal homeobox-1 (PDX1) is widely expressed
in Brunner’s glands of the duodenum, pancreatic β cells, and gastric pyloric
gland cells. PDX1 plays a key role in the development of the digestive system,
including antrum, duodenum, and pancreas. Downregulation of PDX1 has
been observed in gastric cancer, which suggests its potential role in gastric
tumorigenesis. Nevertheless, the downstream mechanisms that mediate the
effect of PDX1 on gastric tumorigenesis are still poorly understood.
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Abstract
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AIM
To investigate the value of ultrasound elastography
combined with serological indexes in diagnosing liver
fibrosis and assessing its severity.
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METHODS

Data sharing statement: Data are available from the corres
ponding author at zhouningming@5thhospital.com.

A total of 338 chronic hepatitis B (CHB) patients were
divided into a disease group (patients with hepatic
fibrosis) and control group (subjects without hepatic
fibrosis). The disease group was further divided into
S1-S4 according to the degree of fibrosis. Independent
risk factors for hepatic fibrosis were analyzed using
multivariate logistic regression. The diagnostic values of
hepatic fibrosis from different indicators were compared
using receiver operating characteristic (ROC) curves. The
combination of elastography and serological indexes was
explored to assess the severity of hepatic fibrosis.
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errors. Therefore, non-invasive diagnostic methods that
seek repeatable measurements have presently become
research hotspots. At present, serological indexes are
the main clinical methods to assess hepatic fibrosis,
[9-11]
although the accuracy needs to be improved
. The
latest research has shown that ultrasound elastography
can measure the hardness of liver tissue to determine
the degree of hepatic fibrosis with features of non[12,13]
invasiveness, simplicity, speed and repeatability
.
However, its diagnostic accuracy is not high, and the
[14,15]
accuracy of different studies are different
. Hence,
we still need to explore the diagnostic methods of
hepatic fibrosis, as well as search for a reliable method
to assess the degree of hepatic fibrosis. The investigators
therefore collected patients who were admitted to our
hospital with chronic hepatitis B (CHB) as subjects in the
present study. Their final pathological results were used
as a basis for the diagnosis of hepatic fibrosis, and the
serological indexes and ultrasound elastography data of
these patients were analyzed. The aim of the present
study was to search for an optimal method for the
combined diagnosis of hepatic fibrosis, and establish an
optimal non-invasive assessment model for the severity
of hepatic fibrosis.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

The multivariate logistic regression analysis results
revealed that shear wave velocity (SWV), hyaluronic
acid (HA), type Ⅳ collagen (CⅣ) and aspartate amino
transferase-to-platelet ratio index (APRI) significantly
affected the occurrence of hepatic fibrosis. The ROC
curve revealed that the accuracy of the diagnosis
of hepatic fibrosis for SWV and HA were 87.3% and
84.8%, respectively. The accuracy of SWV combined
with HA was 88.9%. The multiple linear regression
analysis revealed that SWV, aspartate aminotransferase
(AST)/alanine aminotransferase (ALT), HA, CⅣ, APRI
and fibrosis index based on the 4 factor (FIB-4) were
screened as statistically significant independent factors.
The established regression equation was: Fibrosis level
= -4.046 + 1.024 × SWV + 1.170 × AST/ALT + 0.011 ×
HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4.
CONCLUSION
SWV combined with serological indexes can improve the
accuracy of diagnosis for CHB hepatic fibrosis. Serum
indexes can help diagnose the degree of hepatic fibrosis.

Research object

Core tip: Hepatic fibrosis affects the physiological fun
ction of the liver. The current assessment method for
the degree of hepatic fibrosis is still unreliable. This
study found that the shear wave velocity of ultrasound
elastography can improve the accuracy of the diag
nosis of hepatic fibrosis. Its combination with serolo
gical indicators (aspartate aminotransferase/alanine
aminotransferase, hyaluronic acid, type Ⅳ collagen,
aspartate aminotransferase-to-platelet ratio index and
fibrosis index based on the 4 factor) can further help in
the clinical assessment of the degree of hepatic fibrosis.

A total of 338 CHB patients were randomly enrolled in our
hospital from January 2015 to June 2017. Among these
patients, 200 patients were male and 138 patients were
female. Inclusion criteria: (1) Patients who underwent
liver biopsy; and (2) patients who received ultrasound
elastography and serological detection before the biopsy.
Exclusion criteria: (1) Patients combined with other types
of liver disease; (2) patients with severe heart, liver and
kidney insufficiency, coma, or puncture site infection;
and (3) patients associated with liver cancer, immune
system disease, or active bleeding and other diseases.
These patients were divided into two groups according to
the presence of hepatic fibrosis via biopsy: disease group
(patients with hepatic fibrosis) and control group (subjects
without hepatic fibrosis). The disease group was further
divided into four subgroups, according to the degree of
fibrosis: S1, S2, S3 and S4. All patients or their families
provided a signed informed consent. The present study
met the requirements of the hospital ethics committee
and received their approval.

Xu B, Zhou NM, Cao WT, Li XJ. Evaluation of elastography
combined with serological indexes for hepatic fibrosis in
patients with chronic hepatitis B. World J Gastroenterol 2018;
24(37): 4272-4280 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i37/4272.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i37.4272

INTRODUCTION

Research methods

Detection of hepatitis B hepatic fibrosis via acoustic
radiation force impulse: The acoustic radiation force
impulse (ARFI) test was performed using an ACOUSON
S2000 Color Ultrasound Scanner (Siemens). (1) The
patient underwent fasting and was placed in the left lateral
decubitus position, with the right-hand on the head. Then,
the right hepatic tissue of the liver was detected; (2) the
elastic sampling frame was placed perpendicular to the

Hepatic fibrosis is a pathological change caused by
chronic liver injury, which in turn affects the physiological
[1-4]
function of the liver . Pathological examination is the
gold standard for the diagnosis of hepatic fibrosis, which
[5-8]
enables a definitive diagnosis of hepatic fibrosis .
However, pathological examination mainly relies on
biopsy. Biopsy is a kind of invasive examination with
the drawbacks of poor reproducibility and sampling
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Figure 1 Histopathology of different pathological stages of hepatic fibrosis. S0 phase: No fibrosis; S1 phase: Fibrous enlargement in the portal area, but no
fibrillary septum formation; S2 phase: Fibrosis enlargement in the portal area, a few fibrous septae formed; S3 stage: Most fibrous septae formed but no hardened
nodules; S4 stage: Liver cirrhosis.

liver surface, and then placed in the liver parenchyma
at approximately 4 cm away from the probe surface in
order to avoid the surrounding blood vessels. The patient
was instructed to hold their breath; and (3) the update
key was pressed, a high-intensity low-frequency pulse
wave was launched, the transverse shear wave velocity
(SWV) was received in m/s, and the value was recorded.
The measurement was repeated three times, and the
SWV value was taken as the SWV value of the liver
parenchyma.

biopsy. The needle biopsy was performed in the ARFI
sampling frame area. Liver biopsy was conducted with
routine disinfection, which was covered with a towel, and
local anesthesia with 5% lidocaine was given to avoid
the visible pipeline in the liver. A tissue length of 1-2 cm
was removed. The degree of hepatic fibrosis in patients
with CHB was determined based on histological staging
criteria, according to the “Guidelines for the Prevention
and Treatment of Chronic Hepatitis B (2015 Update
version)”. In particular, S0 phase refers to patients with
no fibrosis, the S1 phase refers to patients with enlarged
fibrosis in the portal area but no fibril septum formation,
the S2 phase refers to patient with a fibrous enlargement
in the portal area and minimal fibrillary septae formation,
the S3 phase refers to patients with the most fibrillary
septae formed but without hardened nodules, and the S4
phase refers to patients with cirrhosis (Figure 1).

Serological examination: On the next day of admi
ssion, 3 mL of fasting venous blood was collected in
the morning. Alanine aminotransferase (ALT), aspar
tate transaminase (AST), blood platelet (PLT), total
bilirubin (TBIL), hyaluronic acid (HA) levels, laminin
(LN), type Ⅳ collagen (CⅣ), and type Ⅲ procollagen
(PⅢNP) were measured. Serum ALT, AST, PLT and
TBIL were detected using an automatic biochemical
analyzer, while HA, LN, CⅣ and PⅢNP were measured
by photochemiluminescence. APRI score: the AST and
platelet (PLT) ratio index (aspartate aminotransferaseto-platelet ratio index, APRI). APRI = [(AST/ULN) ×
9
[16]
100/PLT (10 /L)] . FIB-4 index: FIB-4 = (age × AST)
÷ (platelet ×√ALT).

Statistical analysis

Statistical analysis was performed using SPSS 19.0 and
MedCalc software. Measurement data were expressed
as mean ± SD. The t-test was used for comparisons
between the two groups. The rate of adoption of count
data was expressed using a Chi-square test to compare
the two groups. Independent risk factors of fibrotic
liver were analyzed by multivariate logistic regression
analysis, while ROC curve analysis was conducted to
determine the accuracy in the diagnosis of hepatic
fibrosis. Spearman correlation analysis was used to
compare the degree of hepatic fibrosis with serological
markers and elastography. Multiple linear regression was
used to establish a hepatic fibrosis assessment model
and determine its degree of fit. P < 0.05 was considered

Liver biopsy: Liver tissue biopsies were simultaneously
performed with ultrasound elastography and serological
tests. The subjects were placed in the supine position,
the preoperative ultrasound was localized, and the liver
puncture was performed under ultrasound guidance.
The puncture gun was an automatic biopsy gun obtained
from Bard Inc. (United States), with a 16 G disposable
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Figure 2 Image of hepatic fibrosis assessed by acoustic radiation force impulse to assess liver tissue elasticity. A: Normal liver tissue, SWV = 1.01 m/s;
B: Mild hepatic fibrosis, SWV = 2.03 m/s; C: Moderate hepatic fibrosis, SWV = 2.97 m/s; D: Severe hepatic fibrosis, SWV = 4.01m/s. ARFI: Acoustic radiation force
impulse.

disease group. Among the patients in the disease group,
72 patients were in the S1 phase, 65 patients were in
the S2 phase, 58 patients were in the S3 phase, and
50 patients were in the S4 phase. Furthermore, among
the 245 patients in the disease group, 62 patients had
mild hepatic fibrosis, 176 patients had moderate hepatic
fibrosis, and seven patients had severe hepatic fibrosis
(Figure 2). The serological indexes, such as AST/ALT,
HA, CⅣ, APRI and FIB-4, were significantly greater in
the disease group than in the control group, and the
differences were statistically significant (P < 0.05).
For the elastography, SWV was significantly greater in
the disease group than in the control group, and the
difference was statistically significant (P < 0.05). The
remaining indicators were similar between the two
groups, and the difference was not statistically significant
(P > 0.05) (Table 1).

Table 1 Comparison of clinical data in the two groups
2

Hepatic fibrosis group Control group t /χ
P value
(n = 245)
(n = 93)
value
Sex (male/%)
Age
SWV (m/s)
ALT (U/L)
AST (U/L)
AST/ALT
PLT (109/L)
TBIL (μmol/L)
HA (μg/L)
LN (μg/L)
CⅣ (μg/L)
PⅢNP (μg/L)
APRI
FIB-4

136/55.51
40.31 ± 10.47
3.02 ± 0.80
52.23 ± 26.02
41.12 ± 12.72
0.93 ± 0.41
184.02 ± 02.21
19.83 ± 9.83
113.24 ± 24.78
36.21 ± 21.34
33.28 ± 28.20
36.29 ± 29.45
0.85 ± 0.61
1.63 ± 0.89

45/48.39
1.375
37.82 ± 13.72 1.785
1.52 ± 0.62 16.310
46.87 ± 87.45 1.487
36.14 ± 14.52 1.607
0.74 ± 0.23
4.221
192.37 ± 37.42 1.220
18.75 ± 8.72
1.570
63.23 ± 23.54 15.748
34.21 ± 10.28 1.485
20.89 ± 9.56
4.144
32.87 ± 2.32
1.100
0.62 ± 0.52
3.219
1.17 ± 0.62
4.578

0.241
0.075
0.000
0.138
0.109
0.000
0.223
0.117
0.000
0.139
0.000
0.272
0.001
0.000

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate
transaminase; PLT: Blood platelet; TBIL: Total bilirubin; HA: Hyaluronic
acid; LN: Laminin; CⅣ: Type Ⅳ collagen; PⅢNP: Type Ⅲ procollagen;
APRI: Aspartate aminotransferase-to-platelet ratio index; FIB-4: Fibrosis
index based on the 4 factor.

Multivariate analysis of hepatic fibrosis

Indicators with significant differences (SWV, AST/ALT,
HA, CⅣ, APRI and FIB-4) were used as independent
variables. The occurrence of fibrosis was a dependent
variable, and a multivariate logistic regression analysis
was conducted. These results revealed that SWV, HA, CⅣ
and APRI had a significant effect on hepatic fibrosis (P <
0.05). According to the OR value, the sequence was SWV,
HA, APRI and CⅣ (Table 2).

statistically significant.

RESULTS
Comparison of clinical data

A total of 338 patients were enrolled in the present study.
Among these patients, 93 subjects were assigned to the
control group, while 245 patients were assigned to the
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fibrosis was positively correlated with SWV, AST/ALT, HA,
CⅣ, APRI and FIB-4 levels. The R values were 0.767,
0.684, 0.711, 0.681, 0.634 and 0.702, respectively,
and the difference was statistically significant (all P <
0.05) (Table 4). The statistically significant indicators
in the correlation analysis were included in the multiple
linear regression analysis. The results revealed that
SWV, AST/ALT, HA, CⅣ, APRI and FIB-4 were selected
as statistically significant independent factors, and
the constant analysis was statistically significant. The
following regression equation was established: degree
of fibrosis = -4.046 + 1.024 × SWV + 1.170 × AST/ALT
+ 0.011 × HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 ×
FIB-4 (Table 5).

Table 2 Binary logistic regression analysis of risk factors
associated with hepatic fibrosis
Influencing
factors

B

SE

Wald

OR

95%CI

P value

SWV
AST/ALT
HA
CⅣ
APRI
FIB-4

0.931
0.561
0.838
0.466
0.719
0.433

0.325
0.286
0.127
0.183
0.312
0.287

5.024
2.765
5.352
4.042
4.642
2.973

2.537
1.752
2.311
1.593
2.053
1.542

1.342-4.797
0.896-3.069
1.802-2.964
1.113-2.280
1.114-3.784
0.879-2.706

0.025
0.056
0.021
0.046
0.037
0.063

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate
transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4
factor.

DISCUSSION

Table 3 Diagnostic efficacy of various indicators in the
diagnosis of hepatic fibrosis
Index

AUC Best diagnostic point Sensitivity, % Specificity, %

SWV
AST/ALT
HA
CⅣ
APRI
FIB-4

0.873
0.803
0.848
0.784
0.789
0.797

1.66 m/s
0.920
87.79 μg/L
30.36 μg/L
0.787
1.157

86.90
55.90
91.00
52.70
57.60
80.00

CHB is one of the most common causes of liver-related
[17-21]
diseases
, which can gradually develop into hepatic
[22-30]
fibrosis, cirrhosis and liver cancer
. At present,
hepatic fibrosis remains a reversible process. Its early
diagnosis, as well as its timely and effective treatment,
can delay or avoid the development of irreversible
cirrhosis stages. Developing an approach to simply and
correctly evaluate the severity of hepatic fibrosis has
[31]
become a clinical challenge that needs to be solved .
The literature revealed that liver pathology biopsy is
the most important diagnostic basis for the diagnosis of
[32-34]
hepatic fibrosis
. Although it is the “gold standard”
for the diagnosis of hepatic fibrosis, it requires immense
invasiveness and demonstrates poor reproducibility.
Imaging and serological examination can reflect hepatic
fibrosis. However, neither of them can be used as an
independent diagnostic indicator. Elastography has
been used to measure shear waves in liver tissues by
ultrasound. The speed of ultrasound propagation is used
to calculate the hardness of the liver and determine
the degree of hepatic fibrosis. Changes in serological
indexes reflect the progression of the disease in
[35-44]
patients with hepatic fibrosis
. In this study, in order
to search for non-invasive methods for the diagnosis
of hepatic fibrosis, 245 patients with hepatic fibrosis
and 93 subjects without hepatic fibrosis were used as
observation subjects. The general data, elastography
and serological indicators of these subjects were used
to analyze the feasibility of ultrasound elastography
combined with serological markers for the diagnosis of
hepatic fibrosis and the degree of hepatic fibrosis.
The present study first analyzed the clinical data of
these two groups. The results revealed that SWV, AST/
ALT, HA, CⅣ, APRI and FIB-4 were significantly greater
in the disease group than in the control group. This
suggests that SWV, AST/ALT, HA, CⅣ, APRI and FIB-4 are
the six indicators that can help in the clinical screening
for patients with hepatic fibrosis, which is consistent with
[45-50]
previous studies
. Subsequently, in the present study,
a multivariate logistic regression analysis was performed
on these indicators, which showed significant differences.
These results revealed that SWV, HA, CⅣ and APRI

88.20
95.70
79.60
98.90
86.00
65.60

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate
transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4
factor.

Table 4 Correlation between serological data and the degree
of hepatic fibrosis
Index
SWV (m/s)
HA (μg/L)
AST/ALT
CⅣ (μg/L)
APRI
FIB-4

r

P value

0.767
0.711
0.684
0.681
0.634
0.702

0.000
0.000
0.000
0.000
0.000
0.000

SWV: Shear wave velocity; HA: Hyaluronic acid; ALT: Alanine aminotrans
ferase; AST: Aspartate transaminase; CⅣ: Type Ⅳ collagen; APRI: Aspartate
aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4
factor.

each index is illustrated in Figure 3. The area under
the curve (AUC) for hepatic fibrosis diagnosed by SWV
was the highest (0.873), followed by HA (0.848). The
remaining AUC rankings were as follows: AST/ALT, APRI,
FIB-4, and CⅣ (Figure 3). The combined diagnosis
of SWV and HA with the highest AUC indicated that
diagnostic accuracy was further improved with an AUC
of 0.889 (sensitivity: 95.92% and specificity: 72.04%)
(Table 3 and Figure 4).

Association of serological markers with elastography
and hepatic fibrosis

Spearman correlation analysis revealed that hepatic
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Table 5 Multiple linear regression analysis of the degree of hepatic fibrosis
Non-standardized coefficient
Constant
SWV
AST/ALT
HA
CⅣ
APRI
FIB-4

Standard coefficient

B value

Standard error

B value

-4.046
1.024
1.170
0.011
0.020
0.719
0.379

0.209
0.148
0.190
0.005
0.003
0.102
0.088

0.2200
0.3231
0.2010
0.1980
0.1880
0.1490

t

Sig.

-19.365
6.930
7.861
7.126
5.749
7.040
4.304

0.000
0.000
0.000
0.000
0.000
0.000
0.000

SWV: Shear wave velocity; ALT: Alanine aminotransferase; AST: Aspartate transaminase; HA: Hyaluronic acid; CⅣ: Type Ⅳ collagen; APRI: Aspartate amino
transferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 factor.

the accuracy of the diagnosis was further enhanced,
suggesting that the clinical accuracy of hepatic fibrosis
can be improved by combining SWV with serological
indexes.
In order to fully explain the effects of SWV and
serological indexes on hepatic fibrosis in patients with
clinical hepatic fibrosis, correlation analyses and multiple
linear regression analyses were performed. The results
revealed that the degree of hepatic fibrosis and SWV,
AST/ALT, HA, CⅣ , APRI and FIB-4 were positively
correlated. After multiple linear regression analysis, the
results revealed that SWV, AST/ALT, HA, CⅣ, APRI and
FIB-4 were independent factors that affected the degree
of hepatic fibrosis, and these were further established.
Multiple linear regression equation: Degree of fibrosis
= -4.046 + 1.024 × SWV + 1.170 × AST/ALT + 0.011
× HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4.
A non-invasive clinical tool was provided for assessing
hepatic fibrosis. The SPSS software can be used in clinic
to assess the extent of the hepatic fibrosis in a patient by
entering the above parameters. Although the richness
degree of data collected in the present study can be
further improved, the present single-center study was
not sufficient to fully guarantee the reliability of the study.
Hence, the equation cannot be used as a clinical tool to
predict lymph node metastasis. However, this method
is worthy of further clinical validation and promotion.
In addition, for serological indexes that can reflect the
degree of hepatic fibrosis, further review of the literature
is needed to explore the mechanism of the degree of
fibrosis of the indicator response. This will allow us to
obtain a deeper understanding of the significance of
serological indexes in the diagnosis of hepatic fibrosis.
In summary, SWV can improve the accuracy of
hepatic fibrosis diagnosis, and overcomes the invasive
and poor reproducibility shortcomings associated with
liver biopsy. At the same time, SWV in combination
with serological indexes can further help in the clinical
assessment of the extent of hepatic fibrosis in patients.

100
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Figure 3 Receiver operating characteristic curve for the diagnosis of
hepatic fibrosis based on different indicators. APRI: Aspartate amino
transferase-to-platelet ratio index; AST: Aspartate transaminase; ALT: Alanine
aminotransferase; CⅣ: Type Ⅳ collagen; FIB-4: Fibrosis index based on the 4
factor; HA: Hyaluronic acid; SWV: Shear wave velocity.
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Figure 4 Receiver operating characteristic curve for the diagnosis of
hepatic fibrosis based on different combined indicators.

had a significant effect on the development of hepatic
fibrosis, suggesting that clinical attention should be given
to patients with high levels of SWV, HA, CⅣ and APRI. In
order to further explore the clinical significance of these
indicators, an ROC curve analysis was performed. Among
these four indicators, the maximum area under the ROC
curve for SWV was 0.873, suggesting that SWV may be
used as an ideal indicator for hepatic fibrosis screening.
After these indicators were combined, it was noted that
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liver fibrosis, as it enables a clear diagnosis of liver fibrosis grading. However,
pathological examination is an invasive examination and cannot be used as a
screening tool. At present, the degree of liver fibrosis is mainly evaluated by
serological indicators in the clinic, however the accuracy is relatively low. With
advances in technology, ultrasound elastography can be used to assess liver
tissue stiffness, although the accuracy is not high. Therefore, it is necessary to
explore reliable methods for diagnosing liver fibrosis and assessing the degree
of liver fibrosis.

the degree of fibrosis. This would help us understand the diagnostic significance
of serological markers with respect to the degree of liver fibrosis.
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and FIB-4 levels. The R values were 0.767, 0.684, 0.711, 0.681, 0.634 and
0.702, respectively, and the difference was statistically significant (all P < 0.05).
The multiple linear regression analysis revealed that SWV, AST/ALT, HA, CⅣ,
APRI and FIB-4 were screened as statistically significant independent factors.
The established model was: fibrosis level = -4.046 + 1.024 × SWV + 1.170 ×
AST/ALT + 0.011 × HA + 0.020 × CⅣ + 0.719 × APRI + 0.379 × FIB-4.

11

12

13

Research conclusions

14

SWV can non-invasively and effectively diagnose liver fibrosis. SWV combined
with serological indicators can further improve the accuracy of diagnosing liver
fibrosis. The multiple linear regression equation established by SWV combined
with serological indicators is expected to be a non-invasive tool for assessing
the degree of liver fibrosis.

15

Research perspectives

This study is a single-center study, and the sample size is limited and
insufficient to fully guarantee the reliability of the study. Therefore, the equation
we established cannot be used as an accurate tool for clinical prediction
of lymph node metastasis, but it is worthy of further clinical validation and
promotion. In addition, for serological indicators that can reflect the degree of
liver fibrosis, we can further consult the literature to explore the mechanism of
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Core tip: United States (US) Latinos have greater mor
bidity and mortality from liver disease than non-Hispanic
whites, and liver disease is the fifth leading cause of
death in Mexico. Known risk factors for chronic liver
disease include hepatitis B or C infection, heavy/binge
drinking, obesity, diabetes, and metabolic syndrome. We
found that Mexican-Americans in the US have a greater
risk of obesity, diabetes and heavy/binge drinking than
their counterparts in Mexico. The prevalence of heavy/
binge drinking was alarmingly high among MexicanAmericans, with over 70% among males and over 50%
among US-born females. Our results identify a high
prevalence of specific risk factors that should be targeted
to reduce the high rates of liver disease-related mortality
in this population.

Abstract
AIM
To compare the prevalence of chronic liver disease
(CLD) risk factors in a representative sample of MexicanAmericans born in the United States (US) or Mexico, to a
sample of adults in Mexico.
METHODS
Data for Mexican-Americans in the US were obtained from
the 1999-2014 National Health and Nutrition Examination
Survey (NHANES), which includes persons of Mexican
origin living in the US (n = 4274). The NHANES sample
was restricted to Mexican-American participants who
were 20 years and older, born in the US or Mexico, not
pregnant or breastfeeding, and with medical insurance.
The data in Mexico were obtained from the 2004-2013
Health Worker Cohort Study in Cuernavaca, Mexico (n =
9485). The following known risk factors for liver disease/
cancer were evaluated: elevated aminotransferase
levels (elevated alanine aminotransferase was defined
as > 40 IU/L for males and females; elevated aspartate
aminotransferase was defined as > 40 IU/L for males
and females), infection with hepatitis B or hepatitis C,
metabolic syndrome, high total cholesterol, diabetes,
obesity, abdominal obesity, and heavy alcohol use. The
main independent variables for this study classified
individuals by country of residence (i.e. , Mexico vs the
US) and place of birth (i.e. , US-born vs Mexico-born).
Regression analyses were used to investigate CLD risk
factors.

Flores YN, Zhang ZF, Bastani R, Leng M, Crespi CM, RamírezPalacios P, Stevens H, Salmerón J. Risk factors for liver di
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INTRODUCTION
Over 30 million people, or one in ten, are likely to have
some form of chronic liver disease (CLD) in the United
States (US). This number includes the approximately
850000 to 2.2 million cases of chronic hepatitis B
[1]
(HBV), 3.5 million cases of chronic hepatitis C (HCV) ,
the estimated 30% of Americans who have nonalcoholic fatty liver disease (NAFLD), and the 10% with
[2,3]
advanced fibrosis . Also included are the nearly 20000
individuals who die from alcoholic liver disease in the US
[4]
each year . In 2017, there were an estimated 40000
incident cases of liver cancer and 30000 deaths from
[5]
liver cancer . New cases of liver cancer have more
than tripled since 1980 and liver cancer mortality has
[5]
increased by nearly 3% each year since 2000 . CLD is
th
[4]
the 12 leading cause of general mortality in the US ,
the fifth among individuals between 45-54 years, and
the sixth among 25-44 year olds and those aged 55-64
[6]
years .
Latinos in the US have disproportionately higher
rates of CLD. Since 2002, CLD has consistently been the
[7]
sixth leading cause of mortality for Latinos , and the
[8]
third cause of death among Latino males ages 55-64 .
They are twice as likely to have CLD and 1.7 times
more likely to die from liver cancer than non-Hispanic

RESULTS
After adjusting for socio-demographic characteristics,
Mexican-American males were more likely to be obese,
diabetic, heavy/binge drinkers or have abdominal obesity
than males in Mexico. The adjusted multivariate results
for females also indicate that Mexican-American females
were significantly more likely to be obese, diabetic, be
heavy/binge drinkers or have abdominal obesity than
Mexican females. The prevalence ratios and prevalence
differences mirror the multivariate analysis findings for
the aforementioned risk factors, showing a greater risk
among US-born as compared to Mexico-born MexicanAmericans.
CONCLUSION
In this study, Mexican-Americans in the US had more
risk factors for CLD than their counterparts in Mexico.
These findings can be used to design and implement
more effective health promotion policies and programs to
address the specific factors that put Mexicans at higher
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[9]

whites (whites) . The prevalence of earlier stage liver
disease, such as steatohepatitis, is also higher among
[10]
Latinos (45%) than whites (33%) or blacks (24%) . In
Mexico, cirrhosis and other forms of CLD were the fourth
leading cause of general mortality in 2016, and the third
[11]
among males aged 35-65 years . An estimated 3
million individuals are infected with HBV and 400000 to
[12]
1400000 people are infected with HCV . In 2016, there
were 38755 deaths due to CLD in Mexico and 14029
[11]
(36%) were attributed to alcoholic liver disease . By
2050, an estimated 90% of cases of CLD in Mexico
will be attributable to obesity and excessive alcohol
consumption, as compared to other populations with
[13]
high rates of CLD due to infection with HBV or HCV .
Although infection with HBV or HCV and heavy
alcohol use are well known risk factors for CLD and
liver cancer, a significant proportion of cases (15% to
[14]
50%) do not present with these risk factors . Other
risk factors for CLD include obesity and diabetes, and
the proposed mechanism is through the development
[15-18]
of NAFLD and non-alcoholic steatohepatitis (NASH)
.
NAFLD is found in up to 80-90% of obese adults, in
30-50% of patients with diabetes, and in up to 90% of
[19]
patients with hyperlipidemia . In the US, the prevalence
of NAFLD and NASH is highest among Latinos, followed
[10,15,20]
by whites and blacks
. Rates of obesity, diabetes,
and hyperlipidemia are also higher among Latinos
[21-23]
than whites in the US
. In Mexico, over 70% of the
population is overweight or obese, and this figure is
[24]
predicted to rise to 90% by 2050 . Additionally, the
prevalence of metabolic syndrome is estimated to be
[25]
40% , and in 2015, diabetes was the second cause of
general mortality in Mexico, which has one of the highest
[11,26]
incidence rates of diabetes in the world
.
Alanine aminotransferase (ALT) and aspartate amino
transferase (AST) levels are common clinical measures
used to assess liver health. Elevated aminotransferase
levels can indicate sudden or acute liver injury, or they
can be persistently elevated, suggesting ongoing liver
disease. The leading cause of mild aminotransferase levels
is NAFLD, but other common causes include excessive
alcohol consumption, medication-associated liver injury,
[27]
infection with HVB or HCV, and hemochromatosis .
While not all individuals with elevated aminotransferase
levels have liver damage or disease, these measures
[27]
can be used to detect asymptomatic disease . Several
US studies report a higher prevalence of elevated ALT
among Mexican-Americans (17.4%) than among whites
[28-30]
(8.2%)
.
The aim of this study was to compare the prevalence
of known risk factors for CLD in a representative sample
of Mexican-Americans, who were born in the US or
Mexico, to a sample of adults in Mexico. We examined
data from the 1999-2014 National Health and Nutrition
Examination Survey (NHANES), which includes persons
of Mexican origin living in the US, and data from the
2004-2013 Health Worker Cohort Study (HWCS) in
Cuernavaca, Mexico. We hypothesized that MexicanAmericans in the US would have a higher prevalence of
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CLD risk factors than their counterparts in Mexico. This
hypothesis is based on studies suggesting that immigrant
Mexican-Americans have better health outcomes than
[31-33]
more acculturated, US-born Mexican-Americans
.
We tested this hypothesis by analyzing the independent
association between country of residence (i.e., Mexico
vs the US) and place of birth, sex, and the following risk
factors for CLD: Elevated ALT or AST levels, infection
with HBV or HCV, metabolic syndrome, high cholesterol,
diabetes, obesity, abdominal obesity, and heavy or binge
drinking, while also controlling for potential confounders.

MATERIALS AND METHODS
Ethical considerations

Ethical approval for the HWCS and this bi-national
study was granted from the Internal Review Boards of
the Mexican Social Security Institute (IMSS) and the
University of California, Los Angeles (UCLA). Informed
consent was obtained from all the HWCS subjects prior
to their participation in any study activities.

Data sources

This observational study used existing data from MexicanAmericans who participated in NHANES, a cross-sectional,
representative, examination survey of the total civilian
non-institutionalized population residing in the continental
US and Hawaii. This continuous survey is conducted by
the National Center for Health Statistics to assess and
track the health and nutritional status of Americans over
time. The survey collects health data through standardized
questionnaires, physical examinations and a series of
laboratory tests. The design of NHANES over-samples
Mexican-Americans to allow for analyses of this subgroup.
The 1999-2014 NHANES data includes a total of 3929
male and 4182 female Mexican-Americans, for a total
[34]
sample size of 8111 .
The data in Mexico came from the HWCS, a longi
tudinal study of workers and their immediate family
members from two large health care institutions in
Cuernavaca, Mexico: the IMSS and the National Institute
of Public Health. Briefly, the HWCS collects information
using physical examinations, self-reported questionnaires,
and laboratory tests in order to prospectively evaluate risk
factors and the incidence of chronic diseases, including
heart disease, diabetes, and liver disease (CLD). From
2004 to 2006 (Wave 1), approximately 9000 health
workers enrolled in the HWCS. During 2011 to 2013 (Wave
2), a total of 1855 participants were followed-up. Details
about the design and methods of the HWCS are described
[35]
elsewhere . The clinical and anthropometric procedures
that were used for the HWCS are comparable to those
[36]
used for the NHANES surveys .

Study samples in the United States and Mexico

The 1999-2014 NHANES sample was restricted to
Mexican-American participants who were 20 years
and older, born in the US or Mexico, and had medical
insurance. Females who were pregnant at the time of
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data collection were excluded. The final NHANES sample
consisted of 2097 males and 2177 females 20 years
and older with completed questionnaire data. Of these
individuals, 4075 also underwent physical examinations
including laboratory studies, and of the individuals with
laboratory studies, 1775 provided fasting blood samples.
The HWCS sample was limited to participants 20
years and older who reside and were born in Mexico, and
had medical insurance. Of the 10035 participants in the
HWCS sample with questionnaire and laboratory data,
193 females were excluded because they were pregnant
or breastfeeding at the time of the survey. An additional
48 individuals were excluded because they were not
born in Mexico, and 309 were excluded because they
did not report a place of birth. The final HWCS sample
consisted of 3010 males and 6475 females 20 years
and older who reside and were born in Mexico, with
completed questionnaire and laboratory data. The total
study sample of 13798 individuals consisted of 9485
Mexican subjects who currently reside in Mexico, 2324
US-born Mexican-Americans who live in the US, and
1989 Mexican-Americans who were born in Mexico and
now live in the US.

Abdominal obesity: Abdominal obesity was defined as
a waist circumference > 102 cm for males and a waist
[40]
circumference > 88 cm for females .
Alcohol consumption: Heavy drinking was defined as
two to four drinks per day for females and three to four
drinks per day for males, and binge drinking was defined
as having five or more drinks at one time for both males
[41]
and females .

Definition of independent variables

The main independent variables for this study classified
individuals by country of residence (i.e., Mexico vs the
US) and place of birth (i.e., US-born vs Mexico-born).
The HWCS participants represent Mexicans who were
born and currently live in Mexico. Individuals from the
NHANES sample were further classified by birthplace
(US-born vs Mexico-born). The following three groups
were compared: (1) HWCS (Mexico resident, Mexicoborn), (2) NHANES (US resident, Mexico-born), and (3)
NHANES (US resident, US-born). Other independent
variables included age, sex, marital status, and education
level. Approximately 18% of the subjects in the HWCS
sample had missing education data, which was imputed
using a three-step procedure. There were no missing
data for the other independent variables.

Definition of chronic liver disease risk factors

Elevated aminotransferase levels: Elevated ALT was
defined as > 40 IU/L for males and females; elevated AST
[29,30]
was defined as > 40 IU/L for males and females
.

Statistical analysis

Descriptive analyses were performed to characterize
the study population and examine the study variables.
Chi-square tests were used to compare the sociodemographic characteristics of the study sample by
country of birth/residence, which were stratified by
sex. Age-adjusted means and prevalence rates were
calculated for each CLD risk factor, which were stratified
by sex and country of birth/residence. Separate multiple
logistic regression models were estimated for males and
females to evaluate the independent associations of each
liver disease risk factor to country of birth/residence.
Adjusted odds ratios with 95% confidence intervals
(95%CI) are reported. Marginal standardization was
used to calculate the predicted probability as well as the
prevalence ratios and prevalence differences with their
corresponding 95%CIs. This allowed us to compare
the prevalence of CLD risk factors between the three
groups. For all analyses, a two-sided P-value < 0.05 was
considered statistically significant. The data analyses
were conducted using SAS software, version 9.4 for
Windows, and STATA 14.

Hepatitis B or hepatitis C infection: HBV infection was
identified by having a positive hepatitis B core antibody
serology and a positive hepatitis B surface antigen
serology. We identified an HCV infection by a positive
[36]
antibody titer . Individuals infected with HBV and HCV
were combined into one category due to their small
sample sizes.
Metabolic syndrome: We used the definition of meta
bolic syndrome from the Third Report of the National
Cholesterol Education Program’s Adult Treatment Panel Ⅲ
[37]
(NCEP/ATPⅢ) criteria .
High Total Cholesterol: Following NCEP/ATPⅢ recom
mendations, high total cholesterol was defined as > 200
[37]
mg/dL for males and females .
Diabetes: Type 2 diabetes in males and females was
defined as having one of the following: a plasma glucose
level > 125 mg/dL after > 8 h of fasting, a medical history
of diabetes (other than during pregnancy), currently
taking medication for diabetes, or a random glucose test
[38]
> 200 mg/dL .

RESULTS
Sample characteristics

The socio-demographic characteristics of the bi-national
study sample are presented in Table 1. One third of the
HWCS participants in Mexico are male, as compared to
the US NHANES sample, which is 49% male. There are
no differences between the US and Mexico samples in

Obesity: Subjects were categorized according to body
mass index (BMI) following the recommendations of the
National Heart, Lung and Blood Institute: Normal (BMI
2
2
18.5-24.9 kg/m ), overweight (BMI 25.0-29.9 kg/m ),
2 [39]
and obese (BMI ≥ 30.0 kg/m ) .
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Table 1 Socio-demographic characteristics of the study sample n (%)
Male
Mexico cohort
NHANES
(REF)
Mexico born
Total sample sizes
Age (yr)
20-44
45-59
60+
Marital status
Never married/single
Married/living together
Divorced/separated/widowed
Education
Less than high school
High school graduate
More than high school

1

NHANES
US born

3010 (58.9)

1021 (20.0)

1076 (21.1)

1680 (55.8)
951 (31.6)
379 (12.6)

380 (58.6)
239 (25.6)
402 (15.9)

377 (59.8)
222 (22.7)
477 (17.5)

458 (15.2)
2390 (79.4)
162 (5.4)

73 (9.8)
843 (83.)
105 (6.6)

162 (22.4)
746 (65.2)
167 (12.4)

706 (23.5)
574 (19.1)
1730 (57.5)

724 (61.7)
136 (17.6)
160 (20.7)

381 (24.8)
246 (26.2)
447 (48.9)

P value
Mexico US
born
born
0.925

0.074

0.000

0.897

Female
Mexico cohort NHANES
(REF)
Mexico born

1

NHANES
US born

6475 (68.3)

944 (10.9)

1233 (14.3)

3357 (51.8)
2031 (31.4)
1087 (16.8)

356 (55.5)
196 (24.3)
392 (20.2)

460 (56.9)
256 (23.4)
517 (19.8)

1489 (23.0)
3701 (57.2)
1285 (19.8)

81 (10.0)
580 (67.8)
283 (22.2)

169 (19.5)
697 (57.3)
367 (23.2)

2073 (32.0)
1121 (17.3)
3281 (50.7)

660 (61.3)
108 (14.6)
173 (24.1)

436 (24.8)
279 (23.6)
513 (51.5)

0.804

0.463

P value
Mexico US
born
born
0.923

0.845

0.088

0.423

0.002

0.705

1

The Chi square test was used to determine differences between groups.

terms of age or marital status. Approximately half the
total sample is between 20 to 44 years, nearly 30% is 45
to 59 years, and roughly 20% is 60 years or older. Most
of the study subjects are married/living together (65%),
almost 20% are never married/single, and the rest are
divorced/separated/widowed. There are no differences
in the levels of education observed between the HWCS
participants in Mexico and the Mexican-Americans
who were born in the US. Approximately half of the
participants in both groups have an education beyond
high school and less than a third did not finish high
school. The only significant difference observed between
the two samples is that over 60% of the Mexico-born
NHANES participants did not graduate from high school,
compared to 29% of the participants in Mexico.

with males in Mexico (40%) and US-born MexicanAmericans (39%). Males in Mexico are more likely to
have elevated triglycerides (57.5%) compared with
Mexico-born (35.4%) and US-born Mexican-Americans
(41%). The prevalence of diabetes is significantly lower
among males in Mexico (6%) when compared with the
11% and 16% rates among the Mexico- and US-born
NHANES participants, respectively. The proportion of
obese males in Mexico is 17%, compared to 30% and
45% among Mexico- and US-born males in the US,
respectively. Males in Mexico have a lower prevalence
of abdominal obesity (16%) than Mexico- and US-born
Mexican-American males (36% and 49%, respectively),
with mean waist circumferences of 91.4 cm, 98.7 cm and
103.1 cm, respectively. Heavy or binge drinking is more
common among the Mexico- and US-born MexicanAmerican males (75% and 71%, respectively) compared
with their counterparts in Mexico (38%).
Rates of HBV or HCV infection are lower among
Mexico-born and US-born Mexican-American females
(0.3% and 0.8%, respectively) when compared to
females in Mexico (1.7%). A lower percentage of females
in Mexico have high cholesterol (36%) compared to the
Mexico-born (40.5%) and US-born (40.2%) MexicanAmerican females. US-born females in the US are
less likely to have elevated triglycerides (23.8%) than
Mexico-born females (31.9%) and females living in
Mexico (34.5%). The prevalence of diabetes among
the females in the Mexican sample is 7%, compared to
14% and 11% among Mexico- and US-born MexicanAmerican females, respectively. Obesity rates are also
lower among females in Mexico than among MexicanAmerican females (19% vs 39% and 47%, respectively).
Abdominal obesity among females in Mexico is 48%,
compared to a prevalence of 68% among their MexicanAmerican counterparts. Rates of heavy or binge drinking
are substantially higher among Mexican-American
females born in Mexico or the US (34% and 54%, res
pectively), as compared to females in Mexico (10%)

Chronic liver disease risk factors

Table 2 reports the age-adjusted means and prevalence
of CLD risk factors for males and females by country of
birth/residence. Elevated ALT levels are more common
among males (22%-27%) than females (8%-10%),
with a mean ALT ranging from 35-36 IU/L among males
and 23-25 IU/L among females. There are no differences
in mean AST levels among males (range 28-30 IU/L),
but a significantly higher mean AST is observed among
the Mexico-born (23.6 IU/L) and US-born (25.9 IU/L)
females, as compared to the mean AST of 22.2 IU/L
found among females in Mexico. The prevalence of
diabetes, obesity, abdominal obesity, and heavy/binge
drinking is higher among the NHANES participants than
among the HWCS subjects. Conversely, more HWCS
participants are current smokers and have lower levels of
HDL cholesterol and elevated triglycerides compared with
their NHANES counterparts.
Mexican-American males born in Mexico have a lower
rate of HBV or HCV infection (0.4%) than either US-born
Mexican-Americans (3.0%) or the HWCS participants
(2.6%). A greater proportion of Mexico-born MexicanAmerican males have high cholesterol (49%) compared
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Table 2 Age-adjusted means and prevalence of chronic liver disease risk factors

Elevated ALT ( > 40 IU/L)1, %
ALT (IU/L), mean
Elevated AST ( > 40 IU/L)2, %
AST (IU/L), mean
Hepatitis B or C, %
Metabolic syndrome3, %
Elevated total cholesterol (mg/dL)4, %
Total cholesterol (mg/dL), mean
Low HDL cholesterol (HDL < 40)5, %
HDL cholesterol (mg/dL), mean
LDL cholesterol (mg/dL), mean
Elevated triglycerides6 (mg/dL), %
Triglycerides (mg/dL), mean
Diabetic7, %
Overweight (BMI ≥ 25)8, %
Obesity (BMI ≥ 30)9, %
BMI (kg/m2), mean
Abdominal obesity10, %
Waist circumference (cm), mean
Heavy or binge drinker11, %
Current smoker12, %

Mexico cohort
(REF)
26.7
35.9
11.2
27.9
2.6
27.5
39.8
193.6
62.9
37.6
116.5
57.5
202.4
6.3
48.1
17.1
26.7
15.8
91.4
38.0
36.9

Male
NHANES Ⅶ
Mexico-born
22.1
35.0
8.4
30.1
0.4b
23.5
48.8b
199.1a
35.4b
45.1b
124.1b
35.4b
150.0b
11.0a
46.3
30.0b
28.3b
36.0b
98.7a
75.1b
21.6b

NHANES Ⅶ
US-born
25.2
36.0
12.2
29.5
3.0
33.4
39.1
192.7
27.7b
46.7b
117.2
41.0b
173.9a
16.1b
37.3b
45.0b
30.1b
49.0b
103.1b
71.3b
21.9b

Mexico cohort
(REF)
8.7
23.0
5.2
22.2
1.7
30.8
36.0
189.6
50.1
40.7
115.2
34.5
143.5
6.9
37.2
19.2
26.4
48.3
88.5
9.6
20.8

Female
NHANES Ⅶ
Mexico-born
8.3
23.7
4.6
23.6a
0.3b
28.6
40.5a
193.1a
14.1b
52.7b
110.9
31.9
132.0a
14.4b
31.1a
39.2b
29.0b
68.3b
94.7b
33.8b
8.2b

NHANES Ⅶ
US-born
10.2
25.3a
5.2
25.9b
0.8a
27.6
40.2a
193.6a
12.0b
55.1b
11.5a
23.8b
123.8b
11.0a
26.7b
46.6b
30.2b
67.9b
97.2b
54.0b
14.2b

1

Elevated alanine aminotransferase (ALT) was defined as ALT > 40 IU/L for males and females; 2Elevated alanine aminotransferase (AST) was defined as
AST > 40 IU/L for males and females; 3Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult
Treatment Panel Ⅲ criteria; 4Elevated total cholesterol was defined as ≥ 200 mg/dL; 5Low High Density Lipoprotein-Cholesterol (HDL-C) was defined as
< 40 mg/dL; 6Elevated triglycerides was defined as ≥ 150 mg/dL; 7Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than
8 h fast, and/or a medical history of diabetes, and/or currently taking medication for diabetes, and/or a random glucose test >200 mg/dL; 8Overweight
was defined as having a body mass index (BMI) of ≥ 25.0 kg/m2; 9Obesity was defined as having a BMI of ≥ 30.0 kg/m2; 10Abdominal obesity was defined
as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 11Heavy drinking was defined as two to four drinks per
day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for both males and
females; 12Current cigarette smoking was defined as having smoked at least 100 cigarettes and being a current smoker. aP value ≤ 0.05; bP value ≤ 0.001.

(Table 2).

2.2, 95%CI: 1.4-3.4), obese (OR: 2.5, 95%CI: 1.8-3.5),
have abdominal obesity (OR: 2.1, 95%CI: 1.2-3.6),
or be heavy/binge drinkers (OR: 5.6, 95%CI: 4.2-7.3)
than females in Mexico. The same is true for US-born
Mexican-American females, who are also more likely to
be diabetic (OR: 1.7, 95%CI: 1.2-2.6), obese (OR: 3.5,
95%CI: 2.5-4.9), have abdominal obesity (OR: 2.3,
95%CI: 1.4-3.8), or be heavy/binge drinkers (OR: 12.8,
95%CI: 10.0-16.3) than their counterparts in Mexico.
The prevalence ratios and predicted probabilities mirror
the multivariate analysis findings for the aforementioned
risk factors, showing a greater risk among US-born as
compared to Mexico-born Mexican-American females.
However, the prevalence ratios indicate that MexicanAmerican females are significantly less likely to be infected
with HBV or HCV than females in Mexico (Table 4).
Supplemental Tables 1 and 2 report the odds ratios
and 95% confidence intervals for CLD risk factors among
males and females, respectively, by country of birth/
residence, age, marital status and education.

Multivariate analyses and other effect measures

After controlling for age, marital status, and education
level, the logistic regression results indicate that Mexicoborn Mexican-American males are less likely to have HBV
or HCV (OR: 0.2, 95%CI: 0.1-0.6), but are more likely
to have high cholesterol (OR: 1.4, 95%CI: 1.1-1.8) than
their counterparts in Mexico. US-born Mexican-American
males are more likely to have metabolic syndrome (OR:
1.4, 95%CI: 1.1-1.9) and diabetes (OR: 3.0, 95%CI:
1.9-4.8) than males in Mexico. Regardless of where they
were born, Mexican-American males are more likely to
be obese, diabetic, have abdominal obesity, or be heavy/
binge drinkers than Mexican males. The prevalence
ratios and predicted probabilities confirm the results of
our multivariate analyses and may provide more precise
estimates of the increased risk of diabetes, obesity,
abdominal obesity, and heavy/binge drinking observed
among Mexican-American males, as compared with
males in Mexico. The probability of having any of the
aforementioned risk factors is significantly greater among
US-born Mexican-Americans than among their Mexicoborn counterparts (Table 3).
The adjusted multivariate results presented in Table
4 also indicate that Mexico-born Mexican-American
females are significantly more likely to be diabetic (OR:
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DISCUSSION
This epidemiological study is the first to compare the risk
factors for CLD in a cohort of Mexican health workers with
nationally representative samples of US- and Mexico-born
Mexican-Americans living in the US. The findings of our
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Table 3 Effect measures comparing prevalence of risk factors among males by country of residence/birth

Odds ratios
HWCS (Mexico)
NHANES- Mexicoborn
NHANES- US-born
Predicted
probabilities
HWCS (Mexico)
NHANES- Mexicoborn
NHANES- US-born
Prevalence ratios
(95%CI)
NHANES- Mexicoborn vs HWCS
NHANES- US-born
vs HWCS
Prevalence
differences (95%CI)
NHANES- Mexicoborn vs HWCS
NHANES- US-born
vs HWCS

3

Elevated ALT
1
or AST

Hepatitis B or
C

Metabolic
2
syndrome

High
cholesterol

Diabetes

Obesity

1.0
0.8 (0.5-1.2)

1.0
0.2 (0.1-0.6)a

1.0
0.8 (0.6-1.1)

1.0
1.4 (1.1-1.8)a

1.0
1.7 (1.0‑2.8)

0.9 (0.6-1.4)

1.3 (0.7-2.4)

1.4 (1.1‑1.9)a

0.9 (0.7-1.2)

25.0
20.8

2.4
0.5

30.2
25.8

24.0

3.2

0.8 (0.6, 1.1)
1.0 (0.7, 1.3)

Abdominal
5
obesity

Heavy/binge
6
drinker

1.0
2.1 (1.7-2.6)a

1.0
3.3 (1.8-6.2)a

1.0
3.9 (3.2-4.7)a

3.0 (1.9-4.8)a

3.9 (3.1-4.9)a

5.4 (2.9-10.1)a

4.1 (3.4-5.1)a

40.9
49.3

8.5
13.0

17.4
30.6

16.8
39.3

36.4
67.1

38.0

39.6

20.4

44.7

51.1

68.5

0.2 (0.0, 0.4)a

0.9 (0.7, 1.1)

1.2 (1.0, 1.4)a

1.5 (0.9, 2.2)a

1.8 (1.5, 2.0)a

2.3 (1.2, 3.5)a

1.8 (1.7, 2.0)a

1.3 (0.6, 2.0)

1.3 (1.0, 1.5)a

1.0 (0.8, 1.1)

2.4 (1.5, 3.3)a

2.6 (2.2, 2.9)a

3.0 (1.6, 4.5)a

1.9 (1.7, 2.0)a

-4.2 (-11.5, 3.1) -1.9 (-3.0, -0.9)a -4.3 (-10.4, 1.7) 8.5 (2.4, 14.5)a 4.5 (0.0, 8.9)a
-1.0 (-8.5, 6.5)

4

0.7 (-0.8, 2.3)

13.2 (9.0, 17.4)a

22.6 (13.2, 32.0)a 30.7 (26.4, 35.0)a

7.8 (1.4, 14.2)a -1.3 (-6.9, 4.3) 11.8 (7.2, 16.5)a 27.3 (22.1, 32.4)a 34.4 (25.3, 43.5)a 32.1 (28.2, 36.0)a

Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were
produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40
IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel Ⅲ criteria;
3
Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication
for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity
was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as two to
four drinks per day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for
both males and females. aP< 0.05 for testing the null hypothesis of no difference between groups.

bi-national study indicate that the HWCS participants in
Mexico have fewer CLD risk factors than their counterparts
in the US. Specifically, we found that Mexican-American
males who were born in the US are more likely to be
infected with HBV or HCV, have metabolic syndrome, dia
betes, obesity, abdominal obesity, or being heavy/binge
drinkers when compared to immigrant Mexican-American
males or their counterparts in Mexico. Similar trends
are observed among females, with US-born MexicanAmerican females having a greater probability of having
elevated AST, obesity, abdominal obesity and heavy/binge
drinking. Mexican-American females who were born in
Mexico are more likely to have elevated total cholesterol
or diabetes when compared to those born in the US or the
HWCS participants in Mexico.
Our results are consistent with other studies that
report high rates of obesity, diabetes, and excessive
alcohol consumption among Mexicans in both coun
[29,33,42-44]
tries
. The high prevalence of obesity (30%-47%),
diabetes (11%-16%), as well as heavy/binge drinking
(34%-75%) we found among Mexican-Americans
in this binational study are of particular concern, and
are likely contributing to the liver disease disparities
observed among Latinos in the US. Additionally, having
a combination of certain factors, such as obesity and
excessive drinking, or diabetes and HCV, has been
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shown to increase the risk of elevated aminotransferase
[45,46]
levels and liver cancer
. More studies are needed to
evaluate how the accumulation of specific risk factors
may be contributing to the increased risk of CLD among
Mexican-Americans.
Latinos are the largest ethnic or racial minority in
the US. In 2016, an estimated 57.5 million Americans
identified as Hispanic or Latino, representing 17.8% of
[47]
the US population . By 2060, the number of Latinos
is projected to increase to 119 million and make up
29% of the US population. Mexican-Americans are the
[47]
largest group of Latinos in the US (63%) . Identifying
ways to prevent CLD in this rapidly growing population
is very important. As the Mexican-American population
continues to grow, the challenges to address the high
rates of CLD in this group will also increase. A keener
awareness and deeper understanding of CLD risk factors
is needed to help policy makers anticipate how chan
ges in immigration policy, coupled with health trends in
Mexico, are likely to affect the health and health care
needs of the growing number of Mexican-Americans in
the US. We hope our findings can be used to develop
health policy strategies and programs to prevent CLD by
addressing the specific risk factors that affect Mexicans in
both countries.
This study has some limitations. First, unlike NHANES,
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Table 4 Effect measures comparing prevalence of risk factors among females by country of residence/birth
Elevated ALT Hepatitis B or
1
or AST
C
Odds ratios
HWCS (Mexico)
NHANES- Mexicoborn
NHANES- US-born
Predicted
probabilities
HWCS (Mexico)
NHANES- Mexicoborn
NHANES- US-born
Prevalence ratios
(95%CI)
NHANES- Mexicoborn vs HWCS
NHANES- US-born
vs HWCS
Prevalence
differences (95%CI)
NHANES- Mexicoborn vs HWCS
NHANES- US-born
vs HWCS

3

Metabolic
2
syndrome

High
cholesterol

Diabetes

Obesity

4

Abdominal
5
obesity

Heavy/binge
6
drinker

1.0
0.8 (0.5, 1.1)

1.0
0.3 (0.1, 1.8)

1.0
0.7 (0.5, 1.1)

1.0
1.2 (1.0, 1.5)

1.0
2.2 (1.4, 3.4)a

1.0
2.5 (1.8, 3.5)a

1.0
2.1 (1.2, 3.6)a

1.0
5.6 (4.2, 7.3)a

1.0 (0.8, 1.3)

0.4 (0.2, 1.1)

0.8 (0.6, 1.2)

1.1 (0.9, 1.4)

1.7 (1.2, 2.6)a

3.5 (2.5, 4.9)a

2.3 (1.4, 3.8)a

12.8 (10.0, 16.3)a

10.2
8.2

2.2
0.7

34.9
28.8

41.2
45.8

8.3
15.4

20.0
38.4

51.1
67.8

8.4
32.1

10.6

1.0

31.2

43.3

12.9

46.3

69.6

50.3

0.8 (0.5, 2.1)

0.3 (0.0, 0.9)a

0.8 (0.6, 1.0)

1.1 (1.0, 1.2)

1.9 (1.2, 2.5)a

1.9 (1.4, 2.4)a

1.3 (1.0, 1.6)a

3.8 (3.0, 4.6)a

1.0 (0.8, 1.2)

0.4 (0.0, 0.8)a

0.9 (0.7, 1.1)

1.1 (0.9, 1.2)

1.6 (1.1, 2.1)a

2.3 (1.7, 2.9)a

1.4 (1.0, 1.7)a

6.0 (4.9, 7.1)a

-2.1 (-4.7, 0.6)

-1.5 (-2.8, -0.2)a -6.1 (-13.0, 0.8)

4.6 (-0.7, 9.8)

7.1 (1.8, 12.4)a 18.4 (12.5, 24.3)a 16.8 (4.6, 29.0)a

23.7 (19.4, 28.0)a

0.3 (-1.7, 2.3)

-1.2 (-2.7, 0.0)

2.2 (-2.9, 7.3)

4.7 (1.3, 8.0)a

41.9 (38.0, 45.9)a

-3.7 (-10.2, 2.7)

26.2 (20.5, 31.9)a 18.5 (6.5, 30.6)a

Logistic regression models adjusted for age, marital status and education. Predicted probabilities, prevalence ratios and prevalence differences were
produced using marginal standardization. 1Elevated alanine aminotransferase (ALT) and elevated alanine aminotransferase (AST) were defined as > 40
IU/L; 2Metabolic syndrome was defined base on the Third Report of the National Cholesterol Education Program’s Adult Treatment Panel Ⅲ criteria;
3
Diabetes was defined as having a plasma glucose level > 125 mg/dL after a more than 8 h fast, a medical history of diabetes, currently taking medication
for diabetes, and/or a random glucose test > 200 mg/dL; 4Obesity was defined as having a body mass index (BMI) of ≥ 30.0 kg/m2; 5Abdominal obesity
was defined as having a waist circumference > 102 cm for males, and a waist circumference > 88 cm for females; 6Heavy drinking was defined as two to
four drinks per day for females and three to four drinks per day for males, and binge drinking was defined as having five or more drinks at one time for
both males and females. aP < 0.05 for testing the null hypothesis of no difference between groups.

founding variables in the comparisons between Mexico
and the US. To address this issue, all analyses were
stratified by sex and controlled for age, marital status,
and educational level in the regression analyses. We
also limited the US sample to individuals with health
insurance, since all the HWCS participants have health
insurance. Our ability to control for potential confounders
was restricted by the available data, and it is therefore
possible that other unobserved differences between the
two samples may be confounding our results.
In conclusion, the results of this bi-national study
indicate that Mexican-Americans in the US have more risk
factors for CLD than their counterparts in Mexico, and point
to a critical need for prevention programs. Of particular
concern are the high rates of heavy/binge drinking
observed among Mexican-Americans. We hope these
findings can be used by health professionals in Mexico and
the US to tailor screening and prevention strategies to help
reduce the risk of CLD among their patients. Our results
could also be used to design and implement more effective
health promotion programs to address the specific factors
that put Mexicans at higher risk for developing CLD
in both countries. These findings add to the relatively
scarce literature on bi-national research, and provide
preliminary data for future studies of migrant health in the
US and Mexico. Other bi-national primary data collection
projects with representative samples and comparable

the HWCS is not a population-based study that is re
presentative of the Mexican population. The HWCS
participants are health workers who are younger, more
educated, and predominantly female. However, to the best
of our knowledge, the HWCS is the only longitudinal study
in Mexico that includes ALT and AST measures as well as
HBV and HCV results for a large number of Mexican adults,
which is why we used the HWCS data for this binational
study. In order to address this limitation, we compared
some of the HWCS results to the findings of the 2012
[48]
Encuesta Nacional de Salud y Nutrición (ENSANUT) , a
larger, population-based study that is representative of
the Mexican population and can be considered a simplified
version of NHANES. The prevalence of diabetes reported
[48]
in the 2012 ENSANUT was 9.2% , while the prevalence
of diabetes among the HWCS was 6.7%. Obesity was also
higher among the male (26.8%) and female (37.5%)
[48]
ENSANUT participants , as compared to the HWCS
participants. The prevalence of heavy/binge drinking
(42%) was also more common among the ENSANUT
[48]
participants . Nonetheless, even when compared to the
ENSANUT results, the prevalence of these risk factors
remains greater among the Mexican-Americans from the
NHANES sample. Due to the limited generalizability of our
study’s results, they should be viewed as exploratory and
preliminary.
Another limitation was our ability to control for con
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demographic, socioeconomic and health status measures
are needed to further investigate the growing problem of
CLD among Mexicans in both countries. The results of this
bi-national analysis indicate that Mexican-Americans in the
US have more risk factors for CLD than their counterparts
in Mexico. These results can be used to design and
implement more effective health promotion programs and
policies to address the specific factors that put Mexicans
at higher risk of developing CLD in both countries. Our
findings add to the relatively scarce literature on binational research, and provide preliminary data for
future studies of migrant health in the US and Mexico.
Other bi-national primary data collection projects with
representative samples and comparable demographic,
socioeconomic and health status measures are needed
to further investigate the growing problem of CLD among
Mexicans in both countries.
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Abstract
A male patient underwent conventional transcatheter
chemoembolization for advanced recurrent hepato
cellular carcinoma (HCC). Even after the injection of 7
mL of lipiodol followed by gelatin sponge particles, the
flow of feeding arteries did not slow down. A repeat
angiography revealed a newly developed vascular lake
draining into systemic veins; however, embolization
was continued without taking noticing of the vascular
lake. The patient’s level of consciousness deteriorated
immediately after the procedure, and non-contrast
computed tomography revealed pulmonary and cerebral
lipiodol embolisms. The patient’s level of consciousness
gradually improved after 8 wk in intensive care. In this
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case, a vascular lake emerged during chemoembolization
and drained into systemic veins, offering a pathway
carrying lipiodol to pulmonary vessels, the most likely
cause of this serious complication. We should be aware
that vascular lakes in HCC may drain into systemic veins
and can cause intratumoral arteriovenous shunts.

Transcatheter arterial chemoembolization (TACE) is
utilized worldwide for the treatment of patients with
unresectable hepatocellular carcinoma (HCC). Although
[1]
various complications of TACE have been reported ,
cerebral lipiodol embolism (CLE) after TACE is very rare.
To our knowledge, 27 cases have been reported in the
English literature, and possible pathways for carrying
lipiodol from HCCs to systemic arteries have been hypo
[2-18]
thesized
. This is the first report of CLE, in which the
vascular lake phenomenon emerged during the TACE
procedure and caused an intratumoral arteriovenous
shunt, playing the most important role in its occurrence.
We also discussed the mechanism of CLE and technical
considerations to avoid this serious complication. We also
provided a review of the literature.

uneventful. Laboratory tests before second TACE revealed
a serum total bilirubin level of 1.4 mg/dL, serum albumin
level of 3.0 mg/dL, and prothrombin activity level of
81%. Neither ascites nor hepatic encephalopathy were
found, which corresponded to Child-Pugh class A. The
α-fetoprotein level was 900 ng/mL. At angiography, the
large HCC was supplied by the LHA and the left inferior
phrenic artery (LIPA) (Figure 1A) without an apparent
arteriovenous (AV) shunt. For arterial redistribution to
convert multiple feeding arteries into a single arterial
supply, distal branches of the LIPA supplying HCC were
embolized initially. To avoid migration of embolic materials
into pulmonary vessels, the LIPA was embolized with 0.6
mL of a 33% mixture of n-butyl cyanoacrylate (Histoacryl;
B. Braun, Melsungen, Germany) and lipiodol (Lipiodol;
Terumo Corporation, Tokyo, Japan) (Figure 1B).
Subsequently, we infused 140 mg of miriplatin (Miripla;
Dainippon Sumitomo Pharma, Osaka, Japan) suspended
in 7 mL of lipiodol via the LHA (Figure 2A). This was
followed by the injection of 1-mm-diameter gelatin
sponge particles (Gelpart; Nippon Kayaku Co. Ltd., Tokyo,
Japan). However, the flow of the LHA did not slow down.
A repeated left hepatic angiography showed contrast
material pooling associated with an aberrant intratumoral
space newly developed during embolization, called the
“vascular lake phenomenon” (Figure 2B). Late-phase
imaging revealed that the pericardiacophrenic vein was
the draining vein (Figure 2C), which was not recognized
at the time of the procedure but rather retrospectively
after remasking and pixel shifting were performed.
Epirubicin (10 mg) (Farmorubicin; Kyowa Hakko, Tokyo,
Japan) emulsified in 9 mL of lipiodol was additionally
infused into the LHA, followed by the injection of a 2-mm
block gelatin sponge (Spongel; Astellas, Tokyo, Japan)
until the flow slowed down. Immediately after TACE, the
patient became drowsy and disoriented. Unenhanced
CT of the brain obtained 30 minutes after the procedure
revealed multiple lesions of increased attenuation in the
cerebral cortex, basal ganglia, thalami and cerebellum
(Figure 3). Simultaneously, a CT of the chest revealed
hyperattenuation at both lung bases (Figure 4). The
patient’s oxygen saturation was 88%, indicating hypoxia.
The patient was monitored in our intensive care unit
on mechanical ventilator support. Echocardiography
revealed no atrial septal defect or other intracardiac
shunts. The patient’s level of consciousness gradually
improved, but his limb weakness persisted. He was
discharged 8 wk later requiring the use of a wheelchair
and assistance to eat meals.

CASE REPORT

DISCUSSION

A 63-year-old man with a large recurrent HCC replacing
most of the lateral segment of the liver and expanding
to the left diaphragm was admitted to our hospital for
a second TACE. He had a history of type-B cirrhosis
for 3 years. Eight months prior to admission, he had
undergone TACE for the same lesion via the left hepatic
artery (LHA), and the postprocedural course was

TACE has been widely accepted as an effective therapy
for HCC. Lipiodol is the most common embolic material
used in TACE; it is usually mixed with anticancer drugs
dissolved in non-ionic contrast medium. Lipiodol can
enter the microcirculation of the tumor and flow into
the surrounding portal vein, which is the main drainage
[19]
route from the hypervascular HCC . However, lipiodol

Key words: Transcatheter arterial chemoembolization;
Arteriovenous shunt; Hepatocellular carcinoma; Vascular
lake; Cerebral embolism
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vascular lakes that resemble extravasation
within hepatocellular carcinomas occasionally emerge
during chemoembolization. To date, the drainage routes
from vascular lakes are not well understood. We present
a patient with a recurrent large hepatocellular carcinoma
in which a vascular lake emerged during conventional
chemoembolization, draining into systemic veins and
causing pulmonary and cerebral lipiodol embolism.
Ishimaru H, Morikawa M, Sakugawa T, Sakamoto I, Motoyoshi
Y, Ikebe Y, Uetani M. Cerebral lipiodol embolism related to
a vascular lake during chemoembolization in hepatocellular
carcinoma: A case report and review of the literature. World J
Gastroenterol 2018; 24(37): 4291-4296 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i37/4291.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i37.4291
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A

TACE via IPA frequently results in pulmonary comp
lications due to the existence of an AV shunt between
[25]
the IPA and PA . Some authors speculated that com
munication between the IPA and pulmonary vessels via
adhesive pleurae or tumor invasion is the most likely
[4,6]
pathway from the tumor to the PA . In the present
case, we performed IPA embolization using glue under
DSA guidance, and the glue fragment never flowed into
the pulmonary vessels.
In most previously reported cases of CLE, including
the case described herein, a large dose of lipiodol was
infused (Table 1). Cerebral and pulmonary lipiodol em
bolisms have been reported in patients receiving more
[4,6,16,18]
than 20 mL of iodized oil after TACE of HCC
.
[26]
According to Kishi et al , when lipiodol was infused
into the dog’s hepatic artery, the amount of lipiodol oil
deposition in the lungs was proportional to the lipiodol
dose infused. They also found lipiodol deposits in the
[26]
brain and pancreas . These findings suggested a dosedependent circulation of oil droplets via hepatic sinusoids
to pulmonary capillaries and then into the systemic
circulation. It was suggested that the lipiodol dose
should not exceed 15-20 mL to prevent the risk of an
[4,6]
extrahepatic embolism . Nevertheless, in 7 previous
cases, CLE occurred when the lipiodol dose was < 15
[2,5,7,14,18]
mL
. The required lipiodol dose was determined
by multiple factors, including the blood supply to the
tumor, tumor size, catheter position and liver function
reserve. When lipiodol goes through an intratumoral
AV shunt, the dose of lipiodol required to accomplish
HCC flow stasis increases. If there had not been an
intratumoral AV shunt in the presented case, we could
have accomplished flow stoppage with a lower dose of
lipiodol.
CLE is thought to be associated with intrapulmo
[4,7,10,16]
nary or intracardiac shunts
. Evidence of an
underlying intracardiac right-to-left shunt was proven
by transesophageal echocardiogram in one previous
[7]
case ; however, the pathway from the PA to the LA was
not verified in most previously reported cases of CLE,
[9]
including the present case. Wu et al speculated that
an intra-pulmonary arteriovenous shunt might appear
during pulmonary lipiodol embolization due to increasing
[10]
pulmonary artery pressure or hypoxia. Wu et al
added that communication between the systemic and
pulmonary vessels might develop via adhesive pleurae
or tumor invasion of the diaphragm, leading to a rightto-left shunt. In a case report of delayed CLE, Wu et
[8]
al concluded that the rapid flow of the feeding artery
washed out the lipiodol, and the lipiodol deposited in the
lungs was washed out again upon entering the systemic
circulation. Since it has been verified that fat globules < 7
μm in diameter can pass directly through the pulmonary
[2]
arteriolar network , lipiodol can enter the systemic
circulation in the absence of a right-to-left shunt to cause
cerebrovascular complications.
In summary, we presented a case in which a vas
cular lake draining into systemic veins caused a lipiodol
cerebral embolism. As intratumoral AV shunts via vas

B

Figure 1 Angiography. A: Selective angiography of the left inferior phrenic
artery shows feeding of the anterior part of the tumor without a shunt to the
pulmonary vasculature; B: Angiography during glue embolization shows no
influx into the pulmonary vasculature.

can reportedly flow into systemic circulation, causing
pulmonary embolism and, rarely, cerebral embolism.
We found 27 reports of CLE following TACE in 17 English
studies (Table 1). To reach the cerebral arteries, lipiodol
must pass through two pathways, one from the tumor
to the pulmonary artery (PA) and the other from the
pulmonary artery to the left atrium (LA). Lipiodol accu
mulation in the lung was identified simultaneously in 17 of
[2-4,6,8-10,14,16,18]
27 previously reported cases
.
Localized pooling of the contrast medium emerges
occasionally during chemoembolization using drug
eluting beads (DEB-TACE), resembling extravasation
within the tumor. This angiographic finding is known as
the vascular lake phenomenon (VLP). As we reported
herein, this phenomenon may also appear during chemo
embolization using lipiodol, although it is difficult to
distinguish a vascular lake from lipiodol accumulating in
the tumor by fluoroscopy. Concerning the etiology of VLP
[20]
during chemoembolization, Seki et al speculated that
rapid occlusion of most of the tumor vessels increased
the pressure inside the fragile tumor microvasculature,
causing disruption of the tumor architecture and a new
blood space. VLP is thought to indicate a good local
[20,21]
.
response in HCC patients undergoing DEB-TACE
Nevertheless, the drainage routes from vascular lakes are
unknown. To the best of our knowledge, this is the first
report observing a vascular lake draining into systemic
veins, resulting in an intratumoral AV shunt and affording
lipiodol pathways to pulmonary vessels.
Intratumoral AV shunts can be the pathway to pul
[5,7,10]
monary vessels
, and this was confirmed by angio
[10]
graphy in only one CLE case . On hepatic arteriography,
the incidence of intratumoral AV shunts was reported to
[22]
be 2.4% . According to one study using technetium[23]
99-m-labeled macroaggregated albumin , lung shunt
fractions exceeding 10% were identified in 50 of 125
HCC patients (40%). The study also reported a direct
correlation between angiographic tumor vascularity and
[23]
lung shunt fractions . The particles of lipiodol emulsion
[24]
were less than 30 μm in size , within the range of
the size of technetium-99-m-labeled macroaggregated
albumin (10-60 μm in size). Lipiodol redistribution in
the lungs may be more frequent than that previously
thought.
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A

B

C

Figure 2 Infused 140 mg of miriplatin suspended in 7 mL of lipiodol via the left hepatic artery. A: Left hepatic angiography shows a large hypervascular tumor
in the left hepatic lobe and intrahepatic metastases neighborhood without an intratumoral AV shunt; B: Repeated left hepatic angiography shows a vascular lake in
the superior portion of the tumor (arrow) that developed after chemoembolization; C: Venous phase shows drainage into the pericardiacophrenic vein (arrow heads),
which was unrecognized until remasking and pixel shifting were performed. AV: Arteriovenous.

because the pathways from the PA to the LA cannot be
blocked regardless of the mechanism by which they are
developed.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

A 63-year-old man with a large hepatocellular carcinoma underwent
transcatheter arterial chemoembolization (TACE), but his level of consciousness
deteriorated immediately after the procedure.

Clinical diagnosis

CT scan of the brain revealed multiple lesions of increased attenuation, and
cerebral lipiodol embolism (CLE) was confirmed.

Figure 3 Non-contrast brain computed tomography scan obtained 30 min
after chemoembolization shows multiple increased attenuated lesions in
the bilateral cerebral hemisphere, consistent with lipiodol embolism.

Differential diagnosis

There is no differential diagnosis.

Laboratory diagnosis

No specific finding was obtained by laboratory testing.

Imaging diagnosis

An angiography during TACE procedure revealed a newly developed vascular
lake draining into systemic veins, which offered a pathway carrying lipiodol to
pulmonary vessels and was the most likely cause of this serious complication.

Pathological diagnosis

No pathological examination was performed.

Treatment

The patient was treated in our intensive care unit.
Figure 4 Chest computed tomography scan obtained 30 min after
chemoembolization shows lipiodol deposition at both lung bases.

Related reports

This is the first report of CLE, in which vascular lake phenomenon emerging
during the procedure caused intratumoral arteriovenous shunt and played the
most important role for its occurrence.

cular lakes may develop during chemoembolization, we
recommend performing repeated angiography during
TACE procedures, especially when obtaining a decreased
blood flow is difficult. When an intratumoral AV shunt is
identified by angiography, embolization of the feeding
artery using coils or glue should be considered instead of
an additional injection of lipiodol or embolic particles. We
should try to prevent lipiodol accumulation in the lungs

WJG|www.wjgnet.com

Term explanation

The term CLE describes cerebral lipiodol embolism.

Experiences and lessons

Arteriovenous shunt via vascular lake may develop during chemoembolization,
repeated angiography during TACE procedures should be performed to prevent
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Table 1 Characteristics of 28 cases of cerebral lipiodol embolism
Age

Sex

Tumor
characteristics

Pulmonary
involvement

52
58
56
76
81
70
62
67
63
36
51
41

M
M
M
M
F
F
F
M
F
M
F
M

Advanced

+
+
+
+
+

71
44
54
66
62
52

M
M
M
M
M
M

Large
13.0 cm
11.5 cn
16.0 cm
18.0 cm

66
39
51
73
67
54
63
52
72
63

F
M
M
F
F
F
M
M
M
M

8.0 cm
13.0 cm
19.0 cm
6.0 cm
3.0 cm
14.0 cm
17.0 cm
10.0 cm
9.0 cm

Large
Large
Large
15.0 cm

Huge
Huge
Multiple and
PVTT

Embolization

via extrahepatic

Dose of lipiodol

AV shunt

RL shunt

Ref.

ND
ND
ND

[2]
[2]
[2]
[3]
[4]
[5]
[6]
[7]
[7]
[8]
[9]
[10]

artery supply

+

-

35
8

IPA
IPA

20
12
30
5
10
40
40
30

IPA
IPA
IPA

+
+
+

ND
ND
ND

ND
ND
+

ND
PFO
+

ND
ND

+

BA
IPA
-

30
4

+

IPA

50

IPA
IPA
IPA
LGA
IPA
RSGA
IPA

20
13
30
15
10
90
50
30
20
16

+
+
+
+
+
+
+

ND

ND
ND
Pulmonary AV
shunt

PV
PV
PV

+

ND

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[18]
[18]
[18]
[18]
[18]
[18]
[18]
Present case

ND: Not detected; IPA: Inferior phrenic artery; AV: Arteriovenous; RL: Right-to-left; PFO: Patent foramen ovale; PVTT: Portal vein tumor thrombus; BA:
Bronchial artery; PV: Shunt to pulmonary vein; LGA: Left gastric artery; RSGA: Right superior gluteal artery.

CLE, especially when it is difficult to obtain a decrease of blood flow.

7

REFERENCES
1

2

3

4

5

6

Sakamoto I, Aso N, Nagaoki K, Matsuoka Y, Uetani M, Ashizawa K,
Iwanaga S, Mori M, Morikawa M, Fukuda T, Hayashi K, Matsunaga N.
Complications associated with transcatheter arterial embolization for
hepatic tumors. Radiographics 1998; 18: 605-619 [PMID: 9599386
DOI: 10.1148/radiographics.18.3.9599386]
Yoo KM, Yoo BG, Kim KS, Lee SU, Han BH. Cerebral lipiodol
embolism during transcatheter arterial chemoembolization.
Neurology 2004; 63: 181-183 [PMID: 15249637 DOI: 10.1212/01.
WNL.0000132645.23611.2D]
Takao H, Makita K, Doi I, Watanabe T. Cerebral lipiodol embolism
after transcatheter arterial chemoembolization of hepatocellular
carcinoma. J Comput Assist Tomogr 2005; 29: 680-682 [PMID:
16163042 DOI: 10.1097/01.rct.0000165906.83160.7d]
Wu RH, Tzeng WS, Chang CM. Iodized oil embolization to brain
following transcatheter arterial embolization of liver. J Gastroenterol
Hepatol 2005; 20: 1465-1467 [PMID: 16105143 DOI: 10.1111/
j.1440-1746.2005.03412.x]
Matsumoto K, Nojiri J, Takase Y, Egashira Y, Azama S, Kato A,
Kitahara K, Miyazaki K, Kudo S. Cerebral lipiodol embolism:
a complication of transcatheter arterial chemoembolization for
hepatocellular carcinoma. Cardiovasc Intervent Radiol 2007; 30:
512-514 [PMID: 17171304 DOI: 10.1007/s00270-006-0092-x]
Choi CS, Kim KH, Seo GS, Cho EY, Oh HJ, Choi SC, Kim TH, Kim
HC, Roh BS. Cerebral and pulmonary embolisms after transcatheter
arterial chemoembolization for hepatocellular carcinoma. World J
Gastroenterol 2008; 14: 4834-4837 [PMID: 18720550 DOI: 10.3748/

WJG|www.wjgnet.com

8
9

10

11

12

13

14

4295

wjg.14.4834]
Kim JT, Heo SH, Choi SM, Lee SH, Park MS, Kim BC, Kim Y,
Kim MK, Cho KH. Cerebral embolism of iodized oil (lipiodol) after
transcatheter arterial chemoembolization for hepatocellular carcinoma.
J Neuroimaging 2009; 19: 394-397 [PMID: 19496902 DOI: 10.1111/
j.1552-6569.2009.00380.x]
Wu JJ, Chao M, Zhang GQ, Li B. Delayed cerebral lipiodol embolism
after transcatheter arterial chemoembolization of hepatocellular
carcinoma. Chin Med J (Engl) 2009; 122: 878-880 [PMID: 19493407]
Wu JJ, Chao M, Zhang GQ, Li B, Dong F. Pulmonary and cerebral
lipiodol embolism after transcatheter arterial chemoembolization
[corrected] in hepatocellular carcinoma. World J Gastroenterol 2009;
15: 633-635 [PMID: 19195069 DOI: 10.3748/wjg.15.633]
Wu L, Yang YF, Liang J, Shen SQ, Ge NJ, Wu MC. Cerebral lipiodol
embolism following transcatheter arterial chemoembolization for
hepatocellular carcinoma. World J Gastroenterol 2010; 16: 398-402
[PMID: 20082490 DOI: 10.3748/wjg.v16.i3.398]
Karapanayiotides T, Goulis J, Theodorou A, Anastasiou A,
Georgiadis G, Ilonidis G. Lipiodol brain embolism during hepatic
transcatheter arterial chemoembolization. J Neurol 2009; 256:
1171-1173 [PMID: 19252772 DOI: 10.1007/s00415-009-5066-x]
Lee CS, Kim SJ, Choi JW, Choi CG, Lee DH. Cerebral lipiodol
embolism proven by dual-energy computed tomography: a case report.
J Comput Assist Tomogr 2010; 34: 105-106 [PMID: 20118731 DOI:
10.1097/RCT.0b013e3181b382f8]
Jia ZZ, Tian F, Jiang GM. Cerebral lipiodol embolism after
transarterial chemoembolization for hepatic carcinoma: a case report.
World J Gastroenterol 2012; 18: 4069-4070 [PMID: 22912560 DOI:
10.3748/wjg.v18.i30.4069]
Zach V, Rapaport B, Yoo JY, Goldfeder L, Weinberger J. Multiple

October 7, 2018|Volume 24|Issue 37|

Ishimaru H et al . Cerebral lipiodol embolism related to vascular lake

15

16

17
18

19

20

ischemic strokes after transcatheter arterial chemoembolization
for hepatocellular carcinoma with a radiographic and pathological
correlate. J Stroke Cerebrovasc Dis 2012; 21: 217-224 [PMID:
21036627 DOI: 10.1016/j.jstrokecerebrovasdis.2010.08.001]
Ishikawa T, Kubota T, Abe H, Toduka Y, Horigome R, Watanabe Y,
Kimura N, Honda H, Iwanaga A, Seki K, Honma T, Yoshida T, Sato M.
Case of cerebral lipiodol embolism after repeated transcatheter arterial
chemoembolization of hepatocellular carcinoma. Hepatol Res 2013;
43: 1251-1252 [PMID: 24580681 DOI: 10.1111/hepr.12074]
Bánsághi Z, Kaposi PN, Lovas G, Szentmártoni G, Várallyay G, Bata
P, Kalina I, Futácsi B, Bérczi V. Cerebral iodized lipid embolization via
a pulmonary arteriovenous shunt: rare complication of transcatheter
arterial embolization for hepatocellular carcinoma. World J Surg Oncol
2013; 11: 122 [PMID: 23721061 DOI: 10.1186/1477-7819-11-122]
Wan CC, Liu KL. Cerebral Lipiodol embolism. Liver Int 2015; 35:
673 [PMID: 24571486 DOI: 10.1111/liv.12511]
Chu HJ, Lee CW, Yeh SJ, Tsai LK, Tang SC, Jeng JS. Cerebral
Lipiodol Embolism in Hepatocellular Carcinoma Patients Treated
with Transarterial Embolization/Chemoembolization. PLoS One
2015; 10: e0129367 [PMID: 26107693 DOI: 10.1371/journal.
pone.0129367]
Ueda K, Matsui O, Kawamori Y, Nakanuma Y, Kadoya M, Yoshikawa
J, Gabata T, Nonomura A, Takashima T. Hypervascular hepatocellular
carcinoma: evaluation of hemodynamics with dynamic CT during
hepatic arteriography. Radiology 1998; 206: 161-166 [PMID: 9423667
DOI: 10.1148/radiology.206.1.9423667]
Seki A, Hori S, Shimono C. Management of vascular lake
phenomenon on angiography during chemoembolization with

21

22
23

24

25

26

superabsorbent polymer microspheres. Jpn J Radiol 2015; 33: 741-748
[PMID: 26493810 DOI: 10.1007/s11604-015-0486-2]
Cavalcante RN, Nasser F, Motta-Leal-Filho JM, Affonso BB, Galastri
FL, De Fina B, Garcia RG, Wolosker N. Occurrence of Vascular
Lake Phenomenon as a Predictor of Improved Tumor Response in
HCC Patients That Underwent DEB-TACE. Cardiovasc Intervent
Radiol 2017; 40: 1044-1051 [PMID: 28500458 DOI: 10.1007/
s00270-017-1678-1]
Ngan H, Peh WC. Arteriovenous shunting in hepatocellular
carcinoma: its prevalence and clinical significance. Clin Radiol 1997;
52: 36-40 [PMID: 9022578 DOI: 10.1016/S0009-9260(97)80303-0]
Leung WT, Lau WY, Ho SK, Chan M, Leung NW, Lin J, Metreweli
C, Johnson PJ, Li AK. Measuring lung shunting in hepatocellular
carcinoma with intrahepatic-arterial technetium-99m macroaggregated
albumin. J Nucl Med 1994; 35: 70-73 [PMID: 8271063]
Kanematsu M. Transcatheter arterial chemoembolization therapy
with epirubicin hydrochloride, mitomycin C-iohexol-Lipiodol
emulsion (EMILE) for hepatocellular carcinoma. J Gastroenterol
1995; 30: 215-223 [PMID: 7773353 DOI: 10.1007/BF02348668]
Tajima T, Honda H, Kuroiwa T, Yabuuchi H, Okafuji T, Yosimitsu
K, Irie H, Aibe H, Masuda K. Pulmonary complications after hepatic
artery chemoembolization or infusion via the inferior phrenic artery for
primary liver cancer. J Vasc Interv Radiol 2002; 13: 893-900 [PMID:
12354823 DOI: 10.1016/S1051-0443(07)61772-2]
Kishi K, Sonomura T, Satoh M, Nishida N, Terada M, Shioyama Y,
Yamada R. Acute toxicity of lipiodol infusion into the hepatic arteries
of dogs. Invest Radiol 1994; 29: 882-889 [PMID: 7852039 DOI:
10.1097/00004424-199410000-00004]
P- Reviewer: Pompili M, Xiao E, Yao DF S- Editor: Wang XJ
L- Editor: A E- Editor: Yin SY

WJG|www.wjgnet.com

4296

October 7, 2018|Volume 24|Issue 37|

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
3   7

9   7 7 10  0 7   9 3 2 0 45

© 2018 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2018 October 14; 24(38): 4297-4418

Published by Baishideng Publishing Group Inc

S

Contents

Weekly Volume 24 Number 38 October 14, 2018

EDITORIAL
4297

Circadian rhythms in the pathogenesis of gastrointestinal diseases
Codoñer-Franch P, Gombert M

4304

Challenge to overcome: Nonstructural protein 5A-P32 deletion in direct-acting antiviral-based therapy for
hepatitis C virus
Sato K, Uraoka T

REVIEW
4311

Management of bacterial and fungal infections in end stage liver disease and liver transplantation: Current
options and future directions
Righi E

MINIREVIEWS
4330

Towards hepatitis C virus elimination: Egyptian experience, achievements and limitaions
Omran D, Alboraie M, Zayed RA, Wifi MN, Naguib M, Eltabbakh M, Abdellah M, Sherief AF, Maklad S, Eldemellawy HH,
Saad OK, Khamiss DM, El Kassas M

ORIGINAL ARTICLE
Basic Study
4341

Temporal clinical, proteomic, histological and cellular immune responses of dextran sulfate sodiuminduced acute colitis
Nunes NS, Kim S, Sundby M, Chandran P, Burks SR, Paz AH, Frank JA

4356

Analysis of the nitric oxide-cyclic guanosine monophosphate pathway in experimental liver cirrhosis
suggests phosphodiesterase-5 as potential target to treat portal hypertension
Schaffner D, Lazaro A, Deibert P, Hasselblatt P, Stoll P, Fauth L, Baumstark MW, Merfort I, Schmitt-Graeff A, Kreisel W

4369

Sex-specific effects of Eugenia punicifolia extract on gastric ulcer healing in rats
Périco LL, Rodrigues VP, Ohara R, Bueno G, Nunes VV, Santos RC, Camargo AC, Justulin LA, de Andrade SF, Steimbach
VM, da Silva LM, da Rocha LR, Vilegas W, dos Santos C, Hiruma-Lima CA

Retrospective Study
4384

Practical fecal calprotectin cut-off value for Japanese patients with ulcerative colitis
Urushikubo J, Yanai S, Nakamura S, Kawasaki K, Akasaka R, Sato K, Toya Y, Asakura K, Gonai T, Sugai T, Matsumoto T

Observational Study
4393

Liver stiffness reversibly increases during pregnancy and independently predicts preeclampsia
Ammon FJ, Kohlhaas A, Elshaarawy O, Mueller J, Bruckner T, Sohn C, Fluhr G, Fluhr H, Mueller S

WJG|www.wjgnet.com



October 14, 2018|Volume 24|Issue 38|

S

Contents
4403

Weekly Volume 24 Number 38 October 14, 2018

Hepatitis C virus related cirrhosis decreased as indication to liver transplantation since the introduction of
direct-acting antivirals: A single-center study
Ferrarese A, Germani G, Gambato M, Russo FP, Senzolo M, Zanetto A, Shalaby S, Cillo U, Zanus G, Angeli P, Burra P

4412

CASE REPORT
FANCA D1359Y mutation in a patient with gastric polyposis and cancer susceptibility: A case report and
review of literature
Huang JP, Lin J, Tzen CY, Huang WY, Tsai CC, Chen CJ, Lu YJ, Chou KF, Su YW

WJG|www.wjgnet.com

II

October 14, 2018|Volume 24|Issue 38|

World Journal of Gastroenterology

Contents

Volume 24 Number 38 October 14, 2018

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Yasuhito Tanaka,
MD, PhD, Professor, Department of Virology and Liver Unit, Nagoya City
University Graduate School of Medical Sciences, Nagoya 467-8601, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 642 experts in gastroenterology and hepatology from
59 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2018 edition of Journal Citation Reports® cites the 2017 impact factor for WJG as 3.300 (5-year
impact factor: 3.387), ranking WJG as 35th among 80 journals in gastroenterology and hepatology (quartile in category Q2).

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Shu-Yu Yin
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

WJG|www.wjgnet.com

Responsible Science Editor: Ruo-Yu Ma
Proofing Editorial Office Director: Ze-Mao Gong

EDITORIAL OFFICE
Ze-Mao Gong, Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204
ONLINE SUBMISSION
http://www.f6publishing.com

PUBLICATION DATE
October 14, 2018

III

October 14, 2018|Volume 24|Issue 38|

World J Gastroenterol 2018 October 14; 24(38): 4297-4303

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i38.4297

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

EDITORIAL

Circadian rhythms in the pathogenesis of gastrointestinal
diseases
Pilar Codoñer-Franch, Marie Gombert
Pilar Codoñer-Franch, Marie Gombert, Department of Pediatrics,
Obstetrics and Ginecology, University of Valencia, Valencia 46010,
Spain

Published online: October 14, 2018

Pilar Codoñer-Franch, Department of Pediatrics, Dr. Peset
University Hospital, Valencia 46017, Spain

Abstract
The etiology of digestive pathologies such as irritable
bowel syndrome (IBS), inflammatory bowel diseases
(IBD) and cancer is not yet fully understood. In recent
years, several studies have evidenced circadian variations
in mechanisms involved in digestive health. In situations
of disturbed circadian rhythms (chronodisruption) where
the central clock and the peripheral clocks receive in
coherent signals, the synchronicity is lost producing
implications for health. This lack of coordination could
alter the tissue function and cause long term damage to
the organs. Life habits such as sleep, physical exercise,
social interaction, and feeding times are determinants
for stability and integrity of circadian rhythms. In recent
years, experimental and clinical studies have consistently
evidenced that the alteration of circadian rhythms is
associated with the development of digestive pathologies
mainly linked to dismotility or changes in microbiota
composition. Likewise, it seems reasonable to deep into
the importance of chronodisruption as a factor that may
participate in the development of pathologies such as IBS,
IBD and digestive cancers. Moreover, life habits respecting
circadian rhythms should be promoted for the prevention
of these diseases. Further studies will allow us a better
understanding of the mechanisms acting at molecular
level, and the development of new therapeutic targets.
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Core tip: Chronodisruption, or circadian rhythm dis
ruption, has been associated with impairments in meta
bolic functions and organ physiology. In this review
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we focus on the link between circadian rhythms and
digestive pathologies such as irritable bowel syndrome,
inflammatory bowel diseases and cancers of the digestive
tract. The purpose of this review is to highlight what is
known about the negative impact of chronodisruption
on pathogenesis of these digestive diseases and provide
reasons for future research.

gut, circadian clocks could regulate digestive physiology
and maintain intestinal barrier function. For example,
in the mouth, the volume of saliva produced is more
[7]
important during the day than the night . In association,
mouth microbiota composition and diversity varies and
[8]
is influenced by meal times . Further, there is evidence
of circadian rhythms in the peristalsis of the digestive
tube. Thus, gastric emptying rates are longer in the
evening than in the morning, nocturnal propagation
velocities of the migrating motor complex are slower,
[9]
and colonic motor activity is minimal during sleep .
The gastrointestinal tract is the most important source
of the chemicals melatonin and serotonin outside the
central nervous system. Both of these chemicals play an
important role in gastrointestinal motility. Furthermore,
melatonin plays a major role in the synchronization
of central and peripheral oscillators allowing the adap
tation of the internal milieu to external environment.
Recently, the role of melatonin in the host-microbiota
[10]
communication within the gut has been emphasized .
[11]
Both permeability of the digestive tract
and the
[12]
secretion of mucus and digestive enzymes are different
at nighttime. Moreover, immune parameters ensuring
digestive health follow a 24-h period. Recent studies
highlight circadian regulation of innate and adaptive gut
[13]
immunity . These daily changes are reflected in the gut
[14]
microbiota diversity and composition . Gastrointestinal
ecosystem has a diurnal variation according to the state
of food/fasting and the time of day. But the microbiota
[15]
also impacts the host circadian rhythms . A change
in the diet can rapidly shift the composition of the gut
microbiome that in turn might be responsible for the
[16,17]
reprogramming of circadian rhythmicity
.
Circadian regulation also plays a large role in liver
metabolism, as maintenance of plasma glucose, regu
lation of lipids, including triglycerides, cholesterol and free
fatty acids follow circadian rhythms. Bile acids are also
under circadian regulation to synchronize with periods of
[18]
feeding and fasting .
It should be highlighted the specificity in the response
[19]
of distinct peripheral clocks to food challenges . Diet
macronutrient variations (high-fat diet, ketogenic diet)
trigger differential effects on liver and intestine clocks.
Altogether, these parameters contribute to digestive
health, and their dysfunction is related to several patho
logies. Given their association with circadian rhythms,
it is logical to suspect that chronodisruption may play a
part in gastrointestinal diseases pathogenesis (Figure 1).
In this editorial, we focus on the link between cir
cadian rhythms and three types of pathologies: irritable
bowel syndrome (IBS), inflammatory bowel disease (IBD)
and cancer.

Codoñer-Franch P, Gombert M. Circadian rhythms in the
pathogenesis of gastrointestinal diseases. World J Gastroenterol
2018; 24(38): 4297-4303 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i38/4297.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i38.4297

INTRODUCTION
Light and dark cycles of 24 h, which are due to rotation
of the earth, serve as the dominant environmental factor
affecting living organisms. Temporal organization within
an organism is critical for maintenance of homeostasis
as well as adaptation to changing external conditions.
The term «circadian rhythms» describes endogenously
generated rhythms that occur approximately every 24 h
and play a fundamental role in the survival and evolution
of life by ensuring that an organism’s internal physiology
remains synchronized with the external environment.
In mammals, several mechanisms contribute to cir
cadian variations. While the suprachiasmatic nucleus in
the hypothalamus is the master circadian pacemaker,
most tissues, including other brain regions and different
organs, harbor self-sustained cellular circadian clocks.
The suprachiasmatic nucleus is aligned with the lightdark cycle via the retina; this serves as the primary
[1]
stimulus for melatonin production in the pineal gland
and coordinates all other oscillators throughout the body
with external time by binding to melatonin receptors in
[2]
the organs . At the molecular level, circadian rhythms
emerge from Circadian Locomotor Output Cycles Pro
tein Kaput (Clock) genes and proteins, comprising a
network of interconnected autoregulatory transcriptionaltranslational molecular clocks present in virtually every
cell of the body. These “clock genes” form a regulation
loop with a period lasting approximately twenty-four
hours. By regulating the expression of other genes
coding for proteins, enzymes and factors related to meta
bolic homeostasis, the clock genes cooperate to induce
[3]
circadian variations all over the organism . Circadian
clocks are self-sustained and intrinsic, but their rhythm
can be entrained by environmental signals, called “Zeit
geber” (timing cue), including light, temperature, and
quality of lifestyle habits, such as sleep, physical exercise,
[3-6]
social interaction, and very importantly, feeding times .
A lack of coordination of these elements leads to desyn
chronization of the circadian rhythms and impacts health.
In the digestive tract, a broad range of vital functions
and mechanisms display circadian variations. In the
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IBS
IBS is a functional gastrointestinal disorder diagnosed
clinically and affecting approximately 11% of the
population. Patients suffer abdominal pain and altered
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Figure 1 Numerous mechanisms involved in gastrointestinal homeostasis display daily rhythms. For example, saliva production, mouth microbiota diversity,
digestive tube peristalsis, gastric emptying rate, intestinal epithelial permeability, mucus and antimicrobial peptides secretion, digestive enzymes expression, immune
reaction and gut microbiota diversity. Night shift work, light at night, late evening food, late sleep or late physical exercise, as well as irregular meal schedules and jet
lag, have been shown to affect the coherence/synchronization of internal circadian rhythms with the environment, affecting the homeostatic rhythms of digestive health
parameters. This sequence favors the development of gastrointestinal pathologies such as irritable bowel syndrome, inflammatory bowel diseases, and cancers of the
digestive tract.
[20]

bowel habits . The causes and mechanistic basis of
this disease are not fully understood. Currently, IBS is
considered a multifactorial disease that implies visceral
hypersensitivity, an alteration in the relationship between
the enteric nervous system and the central nervous
system, a modification of the gut microflora, increased
intestinal permeability and probably minimal intestinal
inflammation. Several studies suggest that circadian
rhythms play a role in the development and severity of
IBS.
Human studies have demonstrated that lifestyle
factors, such as disturbed sleep and working the night
[21-24]
shift, are associated with a higher prevalence of IBS
.
Consistent with this observation, significantly altered
melatonin excretion was detected in the urine of women
[24]
with IBS . According to the hypothesis that circadian
rhythm disruption directly impacts motility, melatonin
could be potentially useful in IBS, especially for pain
symptoms and bowel motility in constipation-predominant
IBS. Some evidence supports the hypothesis that me
latonin is involved in the modulation of pain and has
analgesic effects; patients displayed an improvement in
[25,26]
symptoms with melatonin supplementation
. How
ever, the high rate of placebo effect observed in patients
with IBS means that therapeutic uses of melatonin
for pain need further investigation. In another study,
IBS patients experienced a decrease in abdominal
pain duration and distension intensity, along with an
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increase in rectal distension pain threshold, with probiotic
supplementation (VSL3#). Such improvement occurred
in parallel with modulation of melatonin profiles, with
patients showing increased morning melatonin levels with
VSL#3 treatment. It is possible that probiotic treatment
regulates melatonin, leading to an improvement in
[27]
symptoms .
Sleep impairment is not the only risk factor for
impaired circadian rhythms. Alimentation schedules
participate actively in circadian variations by mobilizing
the mechanisms involved in digestion at different
times of the day. Many hormones oscillate in a daily
fashion in the anticipation of feeding, including ghrelin,
leptin, corticosterone, insulin, glucagon, and glucagonlike peptide-1, suggesting the circadian rhythm plays
an important role in the regulation of metabolic pro
cessing of food. IBS has been associated with habits
[28]
such as snacking between main meals
and eating
[29]
irregularly . Beyond IBS, disturbed sleep is associated
with fewer meals per day and more frequent snacking.
Future studies should investigate the benefits of eating
and sleeping at fixed hours on the symptoms of IBS.

IBD
IBD comprises both ulcerative colitis (UC), which is
characterized by continuous damage located in the colon,
and Crohn’s disease (CD), which is characterized by dis
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continuous alterations that can be located anywhere in
the digestive tract, from the mouth to the anus. IBD is
typically diagnosed at a young age (20-30 years old),
has a relapsing and remitting disease course, and has
no known cure. This combination of factors leads to a
significant healthcare burden.
Genetics, immune responses and environment have
been considered as the major etiologic factors of IBD.
Available evidence suggests that both deregulated in
nate and adaptive immune pathways contribute to the
aberrant intestinal inflammatory response in patients
with IBD. There are multiple aspects of immune func
tion that are under circadian control, such as host-pa
thogen interactions, trafficking of leukocytes, and the
[30]
activation of innate and adaptive immunity . Among
the environmental risk factors, dietary elements have
received considerable attention, particularly with the
spread of the “Western” diet, which is high in fat and
protein but low in fruit and vegetables. The hypothesis
that dietary factors influence gut inflammation may be
explained through several biological mechanisms, in
cluding antigen presentation, change in prostaglandin
balance, and alteration of the microflora. Emerging
evidence suggests that sleep also plays an important
role, as circadian rhythms and melatonin could act as
regulators of inflammation in the gastrointestinal tract.
With prolonged sleep loss, there are elevations in mono
cytes and natural killer cells which form the source
[31]
for the secretion of inflammatory cytokines . Thus,
disturbed sleep and chronic inflammation in IBD could
form a self-perpetuating feedback loop, with the chronic
inflammation of IBD worsening sleep and decreased
sleep exacerbating the production of inflammatory cy
tokines and the inflammatory milieu. In mice, it has
been demonstrated that functional circadian rhythms
are necessary to maintain the enteric epithelial barrier.
Impairment of circadian rhythms by genetic mutation of
the clock genes that control circadian rhythms, including
the 3 Period genes (Per1–3), or desynchronization of
environmental signals result in more severe colitis,
epithelial homeostasis alteration, increase of necrosis
[32]
and diminution of secretory cells . Recent studies have
found an alteration in the expression of circadian genes
in patients with IBD. Almost all circadian genes were
reduced in both intestinal biopsies and peripheral blood
mononuclear cells and showed a negative correlation
with activity score. Furthermore, greater sensitivity to
inflammatory damage and exacerbation of colitis were
seen in mice who went through a phase shift in the
light-dark cycle, resulting in increased secretion of proinflammatory cytokines and activation of inflammatory[33]
related signaling pathways .
In recent years, several studies have linked IBD to
intestinal dysbiosis. Likewise, there is evidence of the
induction of a modification of the microbiota produced for
chronodisruption. Thus, the alteration of the microbiota
can be one of the mechanisms by which circadian rhy
[34]
thms disruption favors IBD development .
Several human studies support the hypothesis that
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IBD is associated with circadian rhythms. In a prospective
study of women who were enrolled in the Nurses’ Health
Study Ⅰ and Ⅱ, the association between sleep duration
an incidence of CD and UC was examined. The authors
found that both short sleep duration (less than 6 h) or
long sleep duration (more than 9 h) were associated with
[35]
an increased risk of UC but not with CD .
At the genetic level, the influence of the rs2797685
variant of the clock gene Per3 on susceptibility and be
havior of IBD has been suggested. Allele and genotype
frequencies of rs2797685 were significantly increased
in both CD and UC patients. Moreover, the rs2797685
variant of the Per3 gene is associated with both early
onset and more aggressive forms of CD, highlighted
by increased use of immunosuppressants and more
frequent stricturing and fistulizing disease requiring sur
[36]
gery .
Several studies have assessed genes associated with
circadian rhythms in IBD patients. By genome-wide cDNA
microarray analysis, the transcriptome of endoscopic
mucosal biopsies of patients with IBD) were analyzed,
focusing on the expression of circadian genes in CD
and UC. Damaged tissue and adjacent healthy tissue
were compared. This study revealed an alteration in the
expression of 50 genes associated with circadian rhythms
in IBD damaged tissues when compared to adjacent
tissues. Some of these genetic alterations were different
between UC and CD patients. In CD specimens, the core
clock genes ARNTL2 and RORA were up-regulated, while
CSNK2B, NPAS2, Per1 and Per3 were down-regulated.
Conversely, in UC patients, ARNTL2, CRY1, CSNK1E,
RORA and TIPIN were up-regulated, while NR1D2 and
[37]
Per3 were down-regulated . Consistent with these
findings, another study demonstrated a decrease in the
expression of clock genes in the biopsies of damaged
tissue in IBD patients compared to healthy controls.
Interestingly, this decrease was more important in UC
patients than in CD patients. The reduced clock genes
expression was not only evidenced in intestinal biopsies
[33]
but also in circulating mononucleated cells .
Taken together, these results suggest that genes
associated with circadian rhythms are implicated in the
physiopathology of IBD.

DIGESTIVE CANCERS
In recent decades, the number of digestive cancers has
increased worldwide. Although digestive cancer is a
multifactorial disease, the marked geographic variation,
time trends, and migratory effects on cancer incidence
suggest that environmental or lifestyle factors are major
contributors to the etiology of this disease. Recently,
the alteration of circadian rhythms has emerged as
a suspected factor in this increase. Indeed, several
studies have associated night shift work and induced
[38]
chronodisruption with colorectal
and stomach can
[39]
cer . However, other studies failed to demonstrate
[40]
this association . Another study demonstrated a link
between circadian variations, measured with wrist
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[41]

[53]

temperature variation, and colorectal cancer survival .
Thus, circadian rhythms are associated to prognostic
factors.
The alteration of the microbiota that occurs with
circadian rhythms disruption has been hypothesized
as one of the causes of colorectal cancer. In mice,
abnormal microbial community structure was found to be
associated with inflammation and tumorigenesis in the
[42]
colon .
It has been shown that in the colon cellular proli
[43]
feration follows a circadian rhythm . At some points of
the cell cycle, the DNA is less protected and therefore
more susceptible to damage. Thus, circadian variation
of cell proliferation timing in the colon could limit DNA
exposure to potential mutagen agents during digestion,
serving as a protective factor. Furthermore, the low
expression levels of the mitotic and anti-apoptotic gene
Birc5/survivin significantly and specifically increased the
sensitivity of colon epithelial cells to cyclin-dependent
kinase inhibitors. This dynamic establishes a link between
cell cycle, circadian rhythms and cellular sensitivity to
cyclin-dependent kinase inhibitors, making this gene a
[43]
potential target in anti-cancer treatment .
In patients affected by colorectal cancer, cancerous
cells show a differential expression of clock genes such
as Clock and Per when compared to healthy cells in the
[44-46]
same patient
, suggesting that clock genes may be
[46]
interesting biomarkers in colorectal cancer . Other clock
genes, namely, Clock and Bmal1, have been shown to
interfere with the cell cycle. They are over-expressed
in human colorectal cancer cells and can suppress cell
growth. Moreover, clock genes may suppress CyclinD1
expression, inhibiting the cell cycle between phases G1
[47]
and S . Clock genes have also been shown to modulate
[48]
the expression of the rat sarcoma viral oncogene (RAS) .
Alteration in clock genes expression could play a role in
these respective pathways during the development of
cancers and affect resistance to treatment.
It has been observed that tumor markers in the
blood of colon cancer patients display different circadian
variations, according to the stage of cancer (from Ⅰ to
[49]
Ⅳ) . The expression of clock genes have been ana
lyzed in metastases cells of colon cancer stage Ⅳ, and
are disrupted in comparison to the expression of the
[50]
same genes in healthy cells . Following these findings,
alterations were found in clock gene expression in
the organs (kidney and liver) where colorectal cancer
[51]
metastases had developed . The possibility that tumors
may modify peripheral clocks and induce variations from
ordinary circadian rhythms in nearby cells suggests puta
tive systemic participation in the chronodisruption. This
phenomenon may explain the development of fatigue
and weakness characteristically felt by cancer patients.
All of these genetic mechanisms are currently
being investigated to determine the best way to
treat cancers by taking circadian variations into consi
deration. Interesting associations between clock genes
polymorphisms and colorectal cancer severity have been
[52]
found ; in gastric cancer, survival prognosis is asso
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ciated with the version of the allele of the clock gene .
Finally, several authors suggest using the analysis of
clock genes polymorphisms to predict the response to
[54]
chemotherapy .

CONCLUSION
In conclusion, the parameters implicated in digestive
health display circadian variations. In recent decades,
there has been an increase in lifestyle habits that
interfere with circadian rhythms and often induce chrono
disruption. When these internal clocks receive incoherent
signals, they lose synchronization, and the mechanisms
that they control are affected. This phenomenon likely
plays an important role in the development of pathologies
such as IBS, IBD and cancers. Strong evidence of the
connection between circadian rhythm impairment and
digestive pathologies have been published; however,
additional studies are necessary to understand the
molecular mechanisms involved.
The insights from the studies of circadian oscil
lations of innate and adaptive gut immunity joint to the
host-microbial interactions may incorporate the chro
nopharmacology to increase the effectiveness of the
agents used to modulate the immune response, i.e., to
indicate the time-of-day-specific for the administration
of antimicrobial and antiinflammatory therapy. Likewise,
the potential benefits of melatonin as a co-adjuvant
treatment in gastrointestinal diseases, especially IBS and
IBD should be explored. These considerations open novel
perspectives in preventive and therapeutic applications of
chronobiology.
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Abstract
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Interferon (IFN)-based therapy for hepatitis C virus
(HCV) infection has recently been replaced by IFNfree direct-acting antiviral (DAA)-based therapy, which
st
has been established as a 1 line therapy with high
efficacy and tolerability due to its reasonable safety
profile. Resistance-associated substitutions (RASs) have
been a weakness of DAA-based therapy. For example,
combination therapy with daclatasvir and asunaprevir
(DCV/ASV) is less effective for HCV genotype 1-infected
patients with Y93H as a nonstructural protein 5A
RAS. However, the problem regarding RASs has
been gradually overcome with the advent of recently
developed DAAs, such as sofosbuvir-based regimens or
combination therapy with glecaprevir and pibrentasvir.
Despite the high efficiency of DAA-based therapy, some
cases fail to achieve viral eradication. P32 deletion, an
NS5A RAS, has been gradually noticed in patients with
DCV/ASV failure. P32 deletion has been sporadically
reported and the prevalence of this RAS has been
considered to be low in patients with DCV/ASV failure.
Thus, the picture of P32 deletion has not been fully
evaluated. Importantly, currently-commercialized DAAbased combination therapy was not likely to be effective
for patients with P32 deletion. Exploring and overcoming
this RAS is essential for antiviral therapy for chronic
hepatitis C.
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Core tip: P32 deletion, as a nonstructural protein 5A
resistance-associated substitution (RAS), has been
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combination therapy for chronic hepatitis C. The impact
of P32 deletion on the efficacy of DAA-based therapy has
not been fully elucidated.

gradually noticed in patients who experience treatment
failure associated with daclatasvir and asunaprevir as
an antiviral therapy for chronic hepatitis C. Information
regarding P32 deletion is very limited at the present.
Although the prevalence of this RAS is assumed to be
low, it was found to be a new threat to current directacting antiviral-based combination therapy. There is an
urgent need for further basic and clinical studies on this
RAS. Exploring and overcoming this RAS is essential for
antiviral therapy for chronic hepatitis C.

STUDY ANALYSIS
Integration analysis of RASs based on the Certain-1 and
Certain-2 studies, in which combination therapy with
GLE/PIB was given to patients with chronic hepatitis C
[10]
as DAA-based therapy in Japan . Four patients who
had genotype 1b or 3 experienced virologic failure. Two
of the patients were DCV/ASV-experienced genotype
1b-infected patients, as mentioned above; the others
had genotype 3. The two genotype 1b-infected patients
with treatment failure both had P32 deletion at baseline
and at the time of virologic failure. The prevalence of
P32 deletion at baseline was only 6.3% in the DAAexperienced genotype 1b patients (n = 32). Thirty of
these patients had experienced DCV/ASV failure; 2
had received a PI-containing therapy without an NS5A
inhibitor. A transient-replicon assay showed that P32
deletion was associated with a > 1000-fold EC50 in
the replicon with P32 deletion, which was treated with
PIB relative to that in the wild-type replicon. Moreover,
in the HCV genotype 1b-Con1 replicon treated with
currently available NS5A inhibitors [specifically, OBV,
DCV, EBR, LDV, and velpatasvir (VEL)], P32 deletion
was associated with a > 10000-fold EC50. Thus, P32
deletion is considered to be a new substantial threat to
all of the currently available NS5A inhibitors and NS5A
inhibitor-containing regimens. Fortunately, the preva
lence of P32 deletion suggested to be relatively low.
In Europe, an analysis of RASs was performed based
[7]
on the MAGELLAN-1 Part 2 study , in which combination
therapy with GLE/PIB was administered to chronic
hepatitis C patients with genotype 1 or 2. One of the 19
genotype-1b patients showed relapse at post-treatment
week 8, had a P32 deletion and L28M as an NS5A RAS
without any NS3 substitutions at baseline and at virologic
failure. The patient also experienced DCV/ASV failure.
[7]
The MAGELLAN-1 Part 2 , Certain-1, and Certain-2
[10]
studies suggest that P32 deletion exists independently
of race and might be associated with DCV/ASV failure.
The analysis of RASs in 14 DAA-naïve genotype
1b patients experienced DCV/ASV failure showed one
patient who developed P32 deletion without Y93H or
L31M/V after viral breakthrough, which was not observed
[11]
at baseline . Besides, the prevalence of P32 deletion
was 3 (4.8%) patients in 63 patients who experienced
ASV/DCV failure, in whom NS5A RASs were successfully
analyzed. The prevalence of P32 deletion was not so high
in this study. This study also supports the association
between the development of P32 deletion and DCV/ASV
failure. Interestingly, 10 other analyzable patients who
experienced DCV/ASV failure developed Y93H with L31M
or L31V. This study suggested the possibility that “P32
deletion” could not coexist with certain RASs.
On the other hand, when combination therapy with
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INTRODUCTION
Interferon (IFN)-based therapy for hepatitis C virus (HCV)
infection has recently been replaced with IFN-free directacting antiviral (DAA)-based therapy, which has been
established as a first-line therapy due to its high efficacy
and tolerability due to its reasonable safety profile.
Recent DAA-based therapies, such as combination
therapy with sofosbuvir [SOF; a nonstructural protein
(NS) 5B inhibitor] and ledipasvir (LDV; an NS5A inhibitor)
and new DAA-based therapies, such as the combination
of glecaprevir [GLE; an NS3/4A protease inhibitor (PI)]
and pibrentasvir (PIB; an NS5A inhibitor) have achieved
a sustained virological response (SVR) rate of > 95% in
clinical trials. Resistance-associated substitutions (RASs),
which are baseline polymorphisms at specific amino
acid positions, are critical for the efficacy of DAA-based
therapy. In particular, Y93H in NS5A is the RAS that is
most frequently associated with NS5A inhibitor [e.g.,
daclatasvir (DCV), LDV, or ombitasvir (OBV)] treatment
[1]
failure in patients with genotype 1b HCV infection .
[2-6]
Several studies
have also shown resistance to NS5A
inhibitors based on Y93H [LDV, 1807-fold; OBV, 77-fold;
DCV, 24-fold; and elbasvir (EBR), 17-fold]. PIB, a newly
developed NS5A inhibitor has overcome this weakness
of prior NS5A inhibitors; Y93H-based NS5A inhibitorresistance to PIB is only 0.6-fold half maximal effective
concentration (EC50) in comparison to the respective
wild-type replicon. In fact, the efficacy of GLE/PIB
combination therapy was not affected by the existence
[7,8]
of Y93H , which showed a high barrier to Y93H
resistance in vitro. However, combination therapy with
GLE/PIB resulted in treatment failure in two cases with
an in-frame deletion of NS5A codon 32 (P32 deletion)
at baseline; both cases involved patients with genotype
1b HCV infection who had experienced treatment failure
[9,10]
with daclatasvir (DCV) and asunaprevir (ASV; a PI)
.
Thus, this RAS in NS5A has become a focus of attention,
as it may represent a new threat to current DAA-based
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SOF/LDV was administered to genotype 1b-infected
patients who had experienced DCV/ASV failure, four
patients with P32 deletion at baseline experienced
treatment failure with SOF/LDV, and P32 deletion was
[12]
found to coexist with Y93H in one patient . However,
ultra-deep sequencing revealed that the rate of P32
deletion among the total coverage of NS5A codon 32
was only 0.4% in this case, while it was more than
90% in the other three cases without Y93H at baseline.
In this case, P32 deletion disappeared and the rate of
Y93H increased from 90.0% to 99.6% among the total
coverage of NS5A codon 93 at the re-elevation of the
viral load. On the other hand, L31F coexisted with P32
deletion in two cases and the rates of L31F and P32
deletion among the total coverage of NS5A codons 31
and 32, respectively were more than 90%. Although
L31A or L31M coexisted with P32 deletion in one case,
the rate of L31A or L31M among the total coverage of
NS5A codon 31 was only 0.9% at baseline or 0.1% at
the re-elevation of viral loads, respectively, while the rate
of P32 deletion was more than 95% among the total
coverage of NS5A codon 32 at both time points. Although
L31V coexisted with P32 deletion in one case, the rate
of L31V among the total coverage of NS5A codon 31
was 96.3% at baseline and increased to 99.7% at the
re-elevation of viral loads, while the rate of P32 deletion
was only 0.4% among the total coverage of NS5A codon
32 at baseline and P32 deletion disappeared at the reelevation of viral loads. This study also suggested the
possibility that “P32 deletion” and certain RASs were
mutually exclusive. Although the study population was
relatively small, given the fact that P32 deletion conferred
[10]
a > 10000-fold EC50 for LDV , this study supports that
P32 deletion might be refractory to the combination of
SOF/LDV.
A total 24 subjects were given DCV in a 14-d doubleblind, placebo-controlled, sequential-panel, multiple[13]
ascending-dose DCV monotherapy study . Among
these patients, P32 deletion was detected in one patient
with genotype 1b who was treated with DCV (30 mg,
twice daily) on days 42, 98, and 182. An in vitro analysis
of replicon variants revealed that in a replicon with P32
deletion, the replication level was reduced to 29.1%
in comparison to the wild-type and that P32 deletion
conferred > 390000-fold resistance to DCV in the in vitro
replicon system. This study supports the finding that the
appearance of P32 deletion was related to combination
therapy with DCV/ASV as a prior therapy. Importantly,
clones with P32 deletion survived for a relatively long
period, despite its low replication ability.
[14]
A basic study using infectious culture systems
showed that HCV variants with P32 deletion conferred
more than 1000-fold resistance to the NS5A inhibitors
DCV, LDV, OBV, EBR, ruzasvir, VEL, and PIB, in
comparison to the original viruses for both genotype
1a and 1b, which supported the data from the replicon
system. Theoretically, this study suggested that - like
genotype 1b HCV - genotype 1a HCV with P32 deletion
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is resistant to NS5A inhibitor treatment. Infectious
[15]
culture systems mimic the entire viral life cycle , but
differ from replicons in that they lack the assembly and
[16]
release processes of infectious viruses . In addition to
viral replication, NA5A inhibitors are involved in these
[16]
steps of the HCV life cycle . The study of infectious
culture systems supports P32 deletion is associated with
intractability to currently available DAA-based therapies.
A single-institution study in Japan evaluated NS5A
RAS in 1516 genotype 1b-infected patients receiving
combination therapy with DCV/ASV, SOF/LDV, or OBV/
[17]
paritaprevir/ritonavir . The frequency of P32 deletion
was 0/1516 (0%) at the beginning of DAA therapy.
However, P32 deletion was detected at the time of
treatment failure in 6/110 (5.45%) patients who exclu
sively developed ASV/DCV failure. All 6 patients with
P32 deletion showed a Fibrosis-4 index of > 3.25, and
Interleukin 28B rs8099917 TG as host factors associated
with treatment resistance, and a non-response to prior
IFN-based therapy. DAA-retreatment was performed in
four out of six patients. Three cases re-treated with SOF/
LDV combination therapy showed relapse and one case
re-treated with GLE/PBV combination therapy showed
a non-response. P32 deletion was also detected in the
endpoint of re-treatment in these four cases. Besides,
the emergence of P32 deletion was observed in patients
with several factors associated with treatment resistance.
This study suggests that the emergence of P32 deletion
was specific to ASV/DCV failure, and that while the rate of
emergence was not so high, it might confer resistance to
other DAA-based therapies. P32 deletion might develop in
the presence of both viral and host factors associated with
treatment resistance.
[18]
A recent study reported the impact of prior DAAbased therapy on P32 deletion. Among 10 genotype
1-infected patients with SOF/LDV treatment failure, in
whom NS5A RASs were evaluated by deep sequencing,
one patient had P32 deletion at the time of virologic
relapse in post-treatment week 4. P32 deletion was
not detected at baseline, and importantly, it was con
tinuously detected until post-treatment week 52.
This study suggests that P32 deletion developed after
treatment with a combination therapy other than DCV/
ASV and that the substitution was maintained for a
relatively long period. Thus, it increased the extent of
the threat of P32 deletion, although the prevalence in
patients experiencing SOF/LDV failure was unclear. This
study suggests the need for large-scale cohort studies
[17]
to evaluate P32 deletion because the previous study
showed that this RAS might develop exclusively in
patients with DCV/ASV failure.
RASs were evaluated in total 74 patients who
experienced DCV/ASV failure in a multi-institutional
study in Japan. NS5A deletions were found in seven
[19]
patients (9.5%) . Six of these were P32 deletions. Four
of the 7 NS5A-deletion cases experienced combination
therapy with pegylated-interferon (PegIFN)/ribavirin
(RBV)/simeprevir and 1 case had D168E as an NS3
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RAS that was relatively resistant to combination therapy
with DCV/ASV. The change of NS5A quasispecies was
evaluated at 2 time points (1-3 mo and 6-28 mo after
treatment failure) in four patients with DCV/ASV failure
by population sequencing. P32 deletion was persistently
detected for more than 2 years after treatment failure
in 2 cases and for more than one year after treatment
failure in one case. P32 deletion was not detected at 1
mo after treatment failure, but developed at 6 mo after
treatment failure in one case. The rate of P32 deletion in
NS5A quasispecies was increased in 2 cases, decreased
in one case, and unchanged in one case. Given that the
study population was relatively large and the survival of
the P32 deletion was reported to be relatively long, the
study is of value for improving the understanding of this
RAS.
A pooled analysis of 5 Phase 2 and 3 global and
Japanese studies was performed to investigate emergent
RASs in NS5A and NS3 in genotype 1b-infected patients
[20]
receiving DCV/ASV combination therapy . P32
substitutions were found in 4 of 152 (3%) patients who
experienced virologic failure. Although it is not clear
whether the P32 substitutions included P32 deletion, the
prevalence of P32 deletion is assumed to be low. Besides,
NS5A RASs persisted beyond post-treatment week 96,
while NS3 RASs were generally no longer detected in the
patients who experienced DCV/ASV failure. This study is
important for estimating the prevalence of P32 deletion
due to the relatively large sample size.
[21]
An open-label, phase 2a study in the United States
showed that 6 genotype 1a-infected patients who
showed no response to previous HCV therapy and who
experienced DCV/ASV failure, had no P32 deletions
at baseline or the time of virologic failure. This study
supports the hypothesis that the prevalence of P32
deletion is low, although the HCV genotype was 1a.
Regarding counterplots against P32 deletion, two
studies have examined the effects of 12 wk of com
bination therapy with SOF/LDV plus RBV in patients
[22]
with DCV/ASV failure. In one study , one patient who
had P32 deletion simultaneously with L31F and Q54H
(NS5A RASs) without Y93H achieved a SVR at 12 wk
[23]
post-treatment. In the other study , one patient who
had P32 deletion simultaneously with L31M (an NS5A
RAS) without Y93H and with D168A (as an NS3 RAS)
achieved an SVR at 12 wk post-treatment. As the rate
of L31M among the total coverage of NS5A codon 31
was unknown in this case, it was difficult to evaluate the
association between L31M and P32 deletion. The previous
[11,12]
studies
and this study support “P32 deletion” and at
least “Y93H” might be mutually exclusive. Importantly,
SOF/LDV plus RBV combination therapy might be one
solution for antiviral treatment for hepatitis C patients
with P32 deletion although the number of samples was
very small.
[24]
A recent study
reported the prevalence of NS5A
RASs in patients who experienced treatment failure
with DAA-based therapy that included an NS5A inhibitor
and explored a promising therapy for P32 deletion in
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humanized mice. P32 deletion was detected in 1 of 23
(4.3%) patients with treatment failure under DCV/ASV,
DCV/ASV/beclabuvir, or SOF/LDV. In this case, virologic
relapse was observed at post-treatment week 24 after
DCV/ASV treatment and P32 deletion was detected
25 mo after DCV/ASV treatment. This study supports
that the prevalence of P32 deletion was relatively low.
Humanized mice can mimic the dynamics of HCV in
humans. The wild-type HCV and mutated-type HCV,
which were passed on to the mice, were derived from a
DAA-naïve patient and a patient with DCV/ASV and SOF/
LDV failure, respectively. The efficacy of the combination
therapy with 4-wk GLE/PIB in NS3-D168V-infected mice
with P32 deletion was low in comparison to wild-type
HCV-infected mice. The HCV RNA levels in the mutatedtype HCV-infected mice decreased by approximately 2
log copies/mL and reversed to the basal level after the
cessation of GLE/PIB combination therapy. In contrast,
the HCV RNA levels in the wild-type HCV-infected mice
decreased to the lower limit of detection after one week
of therapy and were not detected until two weeks after
the cessation of the therapy. They tried 4-wk GLE/PIB
plus SOF combination therapy in the mutated-type HCVinfected mice. The HCV RNA levels decreased to the
lower limit of detection after two weeks of therapy and
remained below the limit of detection, although the HCV
RNA levels relapsed after the cessation of the therapy in
one of four mice. No additional RASs had developed at
the time of relapse in mice receiving either GLE/PIB or
GLE/PIB plus SOF combination therapy. This study was
very useful for providing information about the potential
effectiveness of GLE/PIB plus SOF combination therapy
in patients with P32 deletion.
In conclusion, P32 deletion in NS5A is a new sub
stantial threat to DAA-based therapy for chronic hepa
titis C and has started to garner attention. This RAS is
likely to develop after DCV/ASV combination therapy
but patients receiving other DAA regimens also have
the potential to develop this RAS. The prevalence was
estimated - based on the previous studies - to be < 10%
in patients among patients with DCV/ASV treatment
[10,11,17,20,24]
failure
. P32 deletion might have a higher
relative fitness in comparison to NS3 variants, similarly
[21]
to other NS5A variants . Regarding antiviral treatment,
HCV with P32 deletion might be resistant to GLE/PIB
or LDV/SOF combination therapy, while it might be
sensitive to “GLE/PIB plus SOF” or “SOF/LDV plus RBV”
combination therapy. Interestingly, P32 deletion and
Y93H, which are both NS5A RASs and which are critical
for DAA-based therapy, might be mutually exclusive.
However, the evidence level to support these hypotheses
is not so high because the populations of the studies,
which included single-institutional studies and preclinical
trials, were relatively small.

CONCLUSION
We propose the following strategy for overcoming P32
deletion. (1) Various combinations of DAAs and/or RBV

4307

October 14, 2018|Volume 24|Issue 38|

Sato K et al . NS5A-P32 deletion as an obstacle to DAA therapy
clear yet whether other patients receiving other DAAbased therapies such as GLE/PIB develop P32 deletion
at the time of virologic failure or later. The current data
were insufficient due to the small populations of each
study. (3) Based on this basic research, large-scale multiinstitutional clinical studies of promising combination
therapies should be performed and the efficacy against
P32 deletion should be evaluated. However, in practice, it
may be difficult to collect a sufficient number of patients
with P32 deletion because the efficacy of DAA-based
therapy is very high and because the prevalence of
P32 deletion is assumed to be low. PegIFN-containing
regimens can be tried depending on the effects on HCV
[22,23]
with P32 deletion in preclinical studies. Two studies
reported that SOF/LDV plus RBV combination therapy
might be effective for P32 deletion, as mentioned above.
However, given that the study populations were relatively
small, this regimen should be evaluated using in a large
cohort. Another problem is that, in some countries such as Japan and the United Kingdom - SOF/LDV plus
RBV combination therapy is not covered by insurance;
thus, this regimen cannot always be used in clinical
[24]
practice. A basic study using humanized mice showed
that GLE/PBV plus SOF combination therapy was more
effective than GLE/PBV combination therapy for P32
deletion. However, one of the four mice showed virologic
relapse. GLE/PBV plus SOF combination therapy should
be evaluated in patients with P32 deletion in clinical trials
using large number of the subjects. As one mouse case
with virologic relapse developed no additional RASs,
the optimal treatment period should also be evaluated
to avoid the advent of virologic relapse. However, GLE/
PBV plus SOF combination therapy is not covered by
[25,26]
insurance in all countries. And (4) Recent studies
showed the promising potential of new SOF-including
regimens for genotype 1 patients with failure under DAAbased therapy. These regimens included SOF/VEL plus
voxilaprevir, a PI and SOF/VEL. However, P32 deletion
was not found at baseline or virologic failure in these
studies and thus, the effectiveness of these regimens
in the treatment of patients with P32 deletion is not
currently available. SOF/VEL plus voxilaprevir or SOF/
VEL combination therapy may be tried depending on the
impact of these regimens on HCV with P32 deletion in
future studies.

Table 1 Characteristics of P32 deletion
Characteristic
Position
Frequency in patients who
experienced DCV/ASV failure
Extent of resistance in the HCV
GT1b Con1 replicon

Description
Nonstructural protein 5A
< 10% (4.3% to 9.5%)

> 1000-fold resistance to PIB and >
10000-fold resistance to DCV, LDV,
VEL, EBR, or OBV
Extent of resistance in the infectious > 1000-fold resistance to PIB, DCV,
culture systems
LDV, VEL, EBR, OBV, or RZR
Prior DAA therapy to develop
DCV/ASV or SOF/LDV
P32del
RAS that is unlikely to be coexistent
Y93H
with
Therapy that is unlikely to be
GLE/PIB or SOF/LDV
effective
Therapy that is expected to be
"GLE/PIB plus SOF" or "SOF/LDV
effective
plus RBV"
Therapy that might to be effective
"SOF/VEL plus VOX" or "SOF/
VEL"
ASV: Asunaprevir; DAA: Direct-acting antiviral; DCV: Daclatasvir; EBR:
Elbasvir; GLE: Glecaprevir: GT: Genotype; HCV: Hepatitis C virus; LDV:
Ledipasvir; OBV: Ombitasvir; P32del: P32 deletion; PIB: Pibrentasvir; RAS:
Resistance-associated substitution; RBV: Ribavirin; RZR: Ruzasvir; SOF:
Sofosbuvir; VEL: Velpatasvir; VOX: Voxilaprevir.

and/or PegIFN should be tried to evaluate the potency
of the antiviral effect against HCV with P32 deletion in
replicon cells, infectious culture systems, and humanized
mice. As mentioned above, several combinations of DAAs
have been tried but the number of the combinations
is insufficient. A regimen including SOF or RBV is
contraindicated for patients with severe renal dysfunction
and/or dialysis. Thus, add-on SOF or add-on RBV to
combination therapy with an NS5A inhibitor and PI cannot
be administered to this special population of patients with
P32 deletion. PegIFN can be added to the combination
therapy for such cases. However, IFN intolerant/ineli
gible patients evidently exist due to various reasons,
including adverse events, and the addition of PegIFN to
combination therapy is not feasible for these patients.
In addition to the combination, the order of treatment
is important. For example, ‘lead-in’ therapy with PegIFN
with or without RBV prior to the addition of DAAs should
be tried. The evaluation of the sensitivity of P32 deletion
to PegIFN is especially critical to the design of these
strategies. (2) The prevalence of P32 deletion should be
clarified using nationwide clinical studies or multinational
studies. The prevalence should be determined in patients
who are both IFN and DAA-naïve, patients with IFNexperienced and DAA-naïve, patients with IFN-based
therapy failure, and patients with DAA-based therapy
failure at baseline and at the time of virologic failure. This
will help to understand the pathological characteristics
of HCV with P32 deletion (Table 1) and will provide
useful hints for methods of overcoming P32 deletion. For
[13]
[7,9-12,17,19,22-24]
example, DCV monotherapy , DCV/ASV
,
and SOF/LDV were administered as DAA-based therapies
[18]
before the advent of P32 deletion . However, it is not
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REVIEW

Management of bacterial and fungal infections in end stage
liver disease and liver transplantation: Current options and
future directions
Elda Righi
of bacterial translocation from the intestine. Bacterial
infections are common and represent a reason for pro
gression to liver failure and increased mortality. Fungal
infections, mainly caused by Candida spp., are often
associated to delayed diagnosis and high mortality rates.
High level of suspicion along with prompt diagnosis
and treatment of infections are warranted. Bacterial
and fungal infections negatively affect the outcomes
of liver transplant candidates and recipients, causing
disease progression among patients on the waiting list
and increasing mortality, especially in the early posttransplant period. Abdominal, biliary tract, and blood
stream infections caused by Gram-negative bacteria
[e.g. , Enterobacteriaceae and Pseudomonas aeruginosa
(P. aeruginosa )] and Staphylococcus spp. are commonly
encountered in liver transplant recipients. Due to fre
quent exposure to broad-spectrum antibiotics, invasive
procedures, and prolonged hospitalizations, these patients
are especially at risk of developing infections caused by
multidrug resistant bacteria. The increase in antimicrobial
resistance hampers the choice of an adequate empiric
therapy and warrants the knowledge of the local microbial
epidemiology and the implementation of infection control
measures. The main characteristics and the management
of bacterial and fungal infections in patients with liver
cirrhosis and liver transplant recipients are presented.
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Core tip: Infections are frequent in patients with liver
cirrhosis, liver transplant candidates, and liver transplant
recipients and are associated with increased morbidity
and mortality. Knowledge of the risk factors, etiology,
and type of infections is paramount for the management
of severe bacterial and fungal infections in these pa

Abstract
Patients with liver cirrhosis are susceptible to infections
due to various mechanisms, including abnormalities of
humoral and cell-mediated immunity and occurrence
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tient populations. Increasing rates of infections due
to multidrug-resistant pathogens have been reported
worldwide and particularly affect liver transplant reci
pients. The type of bacterial and fungal infections along
with their risk factors, management, and future research
in patients with liver cirrhosis and liver transplant reci
pients are presented in the review.

CVC-related bacteremia, and urinary tract infections.
Furthermore, the use of immunosuppressive agents
[11]
remains frequent in this population .
Infections remain one of the principal causes of
morbidity and mortality also among liver transplant
[12]
recipients (LTR) . Bacterial and fungal infections fol
lowing LT are frequent, occurring in more than 50% of
patients mainly due to the type of surgical procedures
that, compared to other solid organ transplants, are
more complex and may presents complications such
as abdominal abscess, bile leaks, and hepatic artery
[13]
stenosis . Bacterial infections account for up to 70%
of all infections in LTR, followed by fungal and viral
[14]
infections . The interplay among key factors such as
patients’ net state of immunosuppression, environmental
exposure to specific organisms (e.g., nosocomial patho
gens), and development of surgical complications af
[14]
fects the timing of specific post-LT infections . The
organism’s virulence, along with intensity and timing of
the exposure, can also impact infections’ severity and
outcome. Factors known to increase the risk of infections
after LT include a Model for End-Stage Liver Disease
(MELD) score greater than 30, reoperation (including
retransplantation), renal replacement therapy, prolonged
[15]
intensive care unit (ICU) stay, and older age .
An appropriate management of infections in patients
with cirrhosis and following liver transplantation implies
the knowledge of predisposing risk factors for infections
in order to identify high-risk patients, the prompt use
of correct diagnostic tools to recognize atypical disease
presentations, and early adequate antimicrobial treat
ment and source control.
The possible etiologies of infections among patients
with LC and LTR are diverse and may range from
common bacterial and viral pathogens to opportunistic
pathogens that are clinically relevant only for immuno
compromised patients. In this review, the most common
challenges and main principles for the management of
bacterial and fungal infections are discussed. The review
focuses mainly on nosocomial infections, including those
caused by multidrug resistant organisms (MDRO), while
other opportunistic infections are not presented in details.

Righi E. Management of bacterial and fungal infections in end
stage liver disease and liver transplantation: Current options and
future directions. World J Gastroenterol 2018; 24(38): 4311-4329
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i38/4311.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i38.4311

INTRODUCTION
Liver cirrhosis (LC) represents a dynamic clinical entity
[1]
characterized by various stages of progression . From
a clinical perspective, LC includes compensated and
decompensated stages of disease characterized by
different features, prognoses, and predictors of death.
Specifically, decompensated cirrhosis is associated with
portal hypertension or liver insufficiency and their related
complications, including recurrent variceal hemorrhage,
refractory ascites, hyponatremia, and/or hepatorenal
syndrome. All these clinically evident complications can
[1]
be further aggravated by the occurrence of infections .
Various mechanisms predispose patients with LC to
infections. Impairment of immune function has been well
documented and is characterized by multiple immune
deficiencies, involving not only local liver damage but
also deficiencies in systemic innate and acquired im
[2]
munity . Increased gastrointestinal (GI) permeability
and pathological bacterial translocation are considered
key factors leading to increased infection susceptibility in
[3,4]
LC (Figure 1) . Although a clear correlation between
bacterial translocation and spontaneous bacterial
peritonitis (SBP, one of the most frequent infections in
[5,6]
cirrhosis) has not been universally reported , various
factors support this relationship. A GI pathogen such
as Escherichia coli (E. coli), for example, represents a
commonly isolated pathogen in cirrhosis and also a major
[7,8]
cause of SBP (Table 1) . Furthermore, a higher number
of pathogenic bacteria, especially Enterobacteriaceae,
have been found in the mucosal microbiota composition
of the sigmoid in cirrhotic patients compared to healthy
[9]
controls . Host-related, hospital-related, and drugrelated factors also contribute to increased susceptibility
to infections in this population (Figure 1). The presence of
concomitant comorbidities associated with liver disease,
including obesity, alcohol consumption, malnutrition, viral
hepatitis and/or HIV infection predisposes to bacterial
[10]
and fungal infections . Frequent and prolonged hospi
talizations along with the use of invasive devices (e.g.,
urinary and central venous catheters, CVC) pose patients
at risk of nosocomial infections such as pneumonia,
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BACTERIAL INFECTIONS IN PATIENTS
WITH LIVER CIRRHOSIS
Epidemiology

Bacterial infections are common in patients with LC
and can occur at various stages of liver disease, repre
senting the primary cause of admission to emergency
[16]
departments in this patient population . Among pa
tients admitted to emergency departments, increasing
rates of SBP and hepatorenal syndrome have been
[16]
documented . Patients with LC present a high preva
lence of bacterial infections, with 10% reporting more
than one episode of infection within the same hospi
[17,18]
talization
. Second infections were reported as inde
pendent predictors of mortality in hospitalized patients
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Table 1 Main studies reporting the characteristics and mortality rates associated with infections in patients with liver cirrhosis
Year

Prevalence of
infections (%);
patient n

Main infection sites (%)

Most common
pathogens (%)

Mortality
rates (%)

Ref.

2018
2017
2015
2012
2010
2007
2003
2002
2002
2001
1994
1993

NR; n = 312
61; n = 852
38; n = 401
51; n = 207
33; n = 150
45; n = 233
25; n = 135
22; n = 70
32; n = 507
34; n = 361
39; n = 132
47; n = 170

Only BSI included; primary (32), SBP (16), UTI (11)
Only BSI included; primary (60), abdominal (33), UTI (7), pneumonia (6)
Pneumonia (22), UTI (21), SBP (19)
UTI (52), SBP (23), BSI (21)
UTI (37), pneumonia (22), BSI (13)
UTI (43), pneumonia (25), SBP (16)
UTI (31), SBP (26), pneumonia (25)
BSI (16), CVC-BSI (9), liver abscess (3)
SBP (24), UTI (19), pneumonia (14), CVC-BSI (8)
UTI (41), SBP (23), BSI (21), pneumonia (17)
SBP (44), UTI (26), pneumonia (16)
SBP (31), UTI (25), pneumonia (21)

GNB (53)
GNB (60)
E. coli (72)
GPB (56)
GNB (62)
GNB (65)
NR
GPB (67)
GPB (47)
E. coli (25)
GNB (65), E. coli (62)
GNB (72)

25
23
31
24
37
18
9
29
22
15
29
17

[28]
[22]
[23]
[19]
[18]
[20]
[25]
[24]
[17]
[8]
[27]
[26]

NR: Not reported; BSI: Bloodstream infections; SBP: Spontaneous bacterial peritonitis; UTI: Urinary tract infections; CVC: Central venous catheter; GNB:
Gram-negative bacteria; GPB: Gram-positive bacteria.

Increased bacterial translocation
Increased intestinal permeability
Alterations in tight junction proteins
Decreased mucosal killing activity
Secretory barrier failure (IgA, bile, antimicrobial peptides)

Alterations of the gut microbiome
Dysbiosis
Small intestine bacterial overgrowth

Genetic predisposition

Increased rate
of bacterial and
fungal infections
in liver cirrhosis

Immune deficiency
Innate + adaptive deficits (quantitative and qualitative)
Hypersplenism
Concomitant systemic inflammation
Exhaustion (immune paralysis)

Corticosteroid use
Malnutrition
Invasive procedures

Increased rate of organism
colonization (including multidrug
resistant organisms)

Figure 1 Factors leading to increased susceptibility to infections in patients with liver cirrhosis.

with LC and appeared preventable in the majority of
[19]
cases .
According to reports from different countries, the
overall prevalence of bacterial infections in hospitalized
patients with LC varies from 22% to 51% (Table
[17-28]
1)
. Multiple factors have been associated with the
occurrence of infections, including increased MELD
scores, alcoholic liver disease, protein malnutrition, and
[7,8,19,21,29]
GI bleeding
. Infections often represent the
trigger for clinical deterioration or progression to liver
[18,20]
decompensation
. For example, bacterial infections
[19]
remain a leading cause of acute on chronic liver failure .
In a study including 50 cirrhotic patients, the presence
of an infectious episode worsened liver function in 62%
[18]
of cases . Patients with infections were more likely to
develop ascites, hepatic encephalopathy, hyponatremia,
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hepatorenal syndrome, or septic shock compared to
noninfected ones. Furthermore, SBP can lead to severe
renal failure, which is also associated with poor clinical
[20,30]
outcomes
. In a report encompassing 104 cirrhotic
patients with bacterial infections, 34% presented in
fection-induced renal failure associated with GI infections
and SBP. Multivariate analysis confirmed that lack of
infection resolution was an independent factor for renal
[20]
failure (P = 0.03) .
On the other hand, clinical complications of LC can
represent a risk factor for development of infections.
Examples are GI bleeding, associated with bacterial
[7]
infections in up to 45% of patients and SBP, usually
reported in patients with ascites, showing prevalence
[8]
rates that vary between 15% and 25% . Besides SBP,
other frequent infections in cirrhotic patients include
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urinary tract infections, pneumonia, and skin and soft
[18,20]
tissue infections (SSTI) (Table 1)
.
Few reports have also documented high rates of bac
terial meningitis among patients with cirrhosis compared
to those without liver disease, including pneumococcal
[31]
infections . Increased creatinine serum levels were
associated with mortality in cirrhotic patients with menin
[32]
gitis . The overall incidence of bacteremia, urinary tract
infections, pneumonia, meningitis, tuberculosis, and liver
abscess appeared increased more than tenfold in LC,
and mortality rates of each episode were 3 to 10 times
[33]
higher than in non-cirrhotic patients . A 10-fold higher
risk of bloodstream infections (BSI) in LC compared
to the general population was identified in a Danish
study showing 47%, 45%, and 8% of Gram-negative,
Gram-positive, and polymicrobial BSI, respectively,
[34]
with overall 30-d case-fatality rate of 0.53 . BSI in
cirrhotic patients can lead to complications such as deepseated metastatic infections, including endotipsitis (in
patients with transjugular intrahepatic portosystemic
[35]
shunt) and infective endocarditis . Streptococcus bovis
endocarditis, in particular, has been associated with
[36]
advanced liver disease . Types, etiology, and mortality
of bacterial infections in LC are reported in Table 1.

Enterococcus spp.; infections due to P. aeruginosa are
[11]
also possible, especially among hospitalized patients .
Third generation cephalosporins (e.g., ceftriaxone, ce
fotaxime, or the antipseudomonal cephalosporin cefta
zidime) or beta-lactam/beta-lactamase inhibitor com
binations such as piperacillin/tazobactam (active also
against Enterococcus spp.) are frequently used to treat
[11]
SBP . Although ciprofloxacin represents a potential
option for SBP treatment, rates of resistances associated
to quinolone use remains high at various centers and
among patients receiving long-term norfloxacin prophy
[37]
laxis . Tigecycline presents good intra-abdominal pe
netration and is active against Enterococci [including
Enterococcus faecium (E. faecium)], Staphylococcus
aureus (S. aureus) and Enterobacteriaceae; never
theless, its bacteriostatic activity and reduced serum
concentrations limit tigecycline use in patients with sepsis.
Other broad-spectrum antibiotics, such as carbapenems,
should be reserved to the treatment of severe infections
or in areas with a high prevalence of ESBL-producing
[11,37]
strains
. Enterobacteriaceae and Enterococcus spp.
are also common causes of urinary tract infections and
can be treated with a third generation cephalosporin or
[11]
beta-lactam/beta-lactamase inhibitor combinations . In
uncomplicated, non-bacteremic infections, oral options
such as cotrimoxazole or nitrofurantoin can be used,
according to the pathogen’s susceptibility. The use of
quinolones, however, should be limited due to their high
potential for antimicrobial resistance selection.
Nosocomial pneumonia represents a frequent lifethreatening infection in LC. Antimicrobial options include
a beta-lactam (e.g., ceftazidime, a beta-lactam/betalactamase inhibitor combination, or a carbapenem) with
[11]
or without a quinolone such as ciprofloxacin . If risk
factors for MRSA are documented (e.g., MRSA coloni
zation or previous infection), treatment with vancomycin
or linezolid can be considered. SSTI, most frequently
cellulitis, can be caused by both Gram-negative and
[41]
Gram-positive pathogens in cirrhotic patients .
In severe nosocomial infections, the association of a
broad-spectrum antibiotic active against Gram-negative
bacilli (e.g., piperacillin/tazobactam or meropenem) with
an anti-MRSA drug (e.g., vancomycin, daptomicin) is
[11]
recommended .

Diagnosis and treatment

Due to the increased risk of sepsis and multiorgan fai
lure among cirrhotic patients, prompt identification of
symptoms and signs of septic shock and assessment of
[37]
organ function is paramount . The diagnostic workup
should also aim at identifying the source of infection by
blood cultures, urine culture, chest X-ray, and lung or
abdominal CT scan according to patients’ medical history
and clinical presentation. Performance of paracentesis
with neutrophil count and microbiological culture of ascitic
fluid is recommended in all cirrhotic patients hospitalized
[38,39]
with ascites to role out SBP
. Other microbiological
tests include sputum and/or bronchoalveolar lavage cul
tures if pneumonia is suspected, stool cultures (including
assays for Clostridium difficile diagnosis) in case of GI
symptoms, and wound - or intra-abdominal - cultures,
[37]
when indicated .
Data on antimicrobial treatment options in LC are
limited, thus recommendations are often based on ex
pert opinion or inferred from studies in non-cirrhotic
[37]
populations . A study analyzing bloodstream infections
in patients with cirrhosis found that timely initiation of
an appropriate antimicrobial therapy had a major im
[40]
pact on patients’ outcome . Multidrug resistance is a
major predictor of inappropriate therapy in LC. For these
reasons, antimicrobial treatment should be promptly
initiated and, when possible, adjusted according to the
microbiological results. Empirical treatment should take
into consideration the local epidemiology, including the
rates of antimicrobial resistance, the site of infection, and
patients’ clinical presentation (e.g., septic shock).
Patients with SBP usually have infections caused
by enteric pathogens, such as Enterobacteriaceae and
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Outcome

Although the diagnosis and treatment of infections
have improved over the decades, their occurrence still
significantly impact on the mortality of patients with liver
[29]
cirrhosis . In these patients, GI bacterial overgrowth
and translocation favor the occurrence of various in
fections, while the increase of endotoxins levels and
cytokines can induce systemic inflammatory responses
leading to septic shock, multiorgan dysfunction, and
[29]
death .
A systematic review including 178 studies showed
better outcomes in noninfected compared to infected
[42]
patients with cirrhosis (OR = 3.75, 95%CI: 2.12-4.23) .
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Mortality of infected patients was 30% at 1 mo and
increased to 63% after 12 mo following an infection.
Infections and mortality appeared more frequent in
patients with Child-Pugh C compared to A or B stage (P
[21]
= 0.003 and P = 0.0002, respectively) . A prospective
study including 312 BSI (53% due to Gram-negative
and 47% due to Gram-positive bacteria) showed 30-d
[40]
mortality rates of 25% . Risk factors associated with
mortality included delayed (> 24 h) antibiotic treatment
(P < 0.001), inadequate empirical therapy (P < 0.001),
and increased Chronic Liver Failure-Sequential Organ
Failure Assessment (CLIF-SOFA) score (P < 0.001).
A study analyzing the characteristics of infections in
cirrhotic compared to non-cirrhotic patients hospitalized
in ICU identified higher prevalence of infections (59% vs
51%, P < 0.01), increased rates of abdominal infections,
and higher number of Gram-positive infections (including
methicillin-resistant Staphylococcus aureus, MRSA) in the
[43]
LC group . In a study showing mortality rates of 37%
among LC patients with hospital-acquired infections,
sepsis was an independent factor for hospital death (P
[18]
= 0.005; 95%CI: 1.7-21.4) . Another study identified
higher in-hospital mortality in cirrhotic compared to noncirrhotic patients (42% vs 24% respectively, P < 0.001)
and among those with septic shock (30% vs 49%, P
[43]
< 0.05) . Based on these data, a novel prognostic
stage in the course of cirrhosis was proposed, defining
the group of “critically ill decompensated patients”,
characterized by a risk of progression to death or liver
[42]
transplant of 60% .

since higher GI permeability may be required to favor
[47]
the translocation of large pathogens such as fungi .
SFP should also be considered in the diagnostic workup
of hospitalized cirrhotic patients with impaired renal func
[45]
tion, such as those with refractory ascites . Other risk
factors for SFP include prolonged hospitalizations and
[48]
performance of invasive procedures . Fungal infections
characterized by high mortality have been described in
LC patients hospitalized in ICU and in those with alcoholic
[44,45,49,50]
hepatitis
. A retrospective analysis of 120 cirrhotic
patients identified the presence of fungal colonization
[49]
as an independent factor for mortality (P = 0.047) .
A study including 185 patients with culture-positive
infections documented Candida spp. in 19 (10%) cases.
Of these, 58% were SFP and 42% candidemia. Only
47% of fungal infections were diagnosed and treated
with antifungal agents, while the remaining patients
died. Mortality rates at one month were 58% and 29%
in patients with fungal infections compared to those with
[44]
bacterial infection, respectively (P = 0.001) . Similarly,
another study encompassing 126 cirrhotic patients with
culture-positive ascites identified SFP in 14/126 (11%)
patients. Only 43% of patients with cultures positive for
[45]
fungi received antifungal treatment . In a prospective
multicenter study, Candida spp. represented 7% of all
BSI and was associated with prolonged hospitalizations,
prior surgery, CVC placement, neutropenia, and prior
[40]
antimicrobial use . Compared to other infections,
Candida BSI had the strongest association with inap
[28]
[51]
propriate empirical therapy . Bassetti et al previously
analyzed 169 episodes of candidemia and 72 intraabdominal candidiasis in cirrhotic patients, showing high
rates of ICU admission (50%), non-albicans Candida
infections (46%), and occurrence of septic shock (35%).
Thirty-day mortality was 35.3% and was independently
associated with candidemia (OR = 2.2, 95%CI: 1.2-4.5),
septic shock (OR = 3.2, 95%CI: 1.7-6), and absence
of adequate antifungal treatment (OR = 0.4, 95%CI:
[51]
0.3-0.9) .
These data emphasize the importance of performing
fungal cultures and maintaining a high level of suspicion
in patients with LC, especially those with impaired renal
function and/or receiving antimicrobial treatment with
limited clinical response, to ensure early treatment and
[52-54]
ultimately reduce mortality (Table 2)
.
Early administration of antifungal treatment has
been associated with improved outcomes, especially in
[55,56]
patients with severe infections
.
Novel molecules (e.g., azoles such as isavuconazole)
and new antifungal classes (e.g. echinocandines) have
become available for the treatment of invasive fungal
infections in the last decades. In patients with LC con
cerns in the efficacy and safety of antifungals appear
linked to resistance to antifungals, patients’ reduced
tolerance, and altered drug pharmacokinetics caused by
advanced liver disease.
Although fluconazole is still widely used due to its
favorable pharmacokinetics and tolerability, a shift to
non-albicans strains showing lower fluconazole sus

FUNGAL INFECTIONS IN LC
Fungal infections in patients with liver cirrhosis are
mainly caused by Candida spp. and could represent,
if not promptly recognized, a cause of treatment fai
[44,45]
lure
. Studies on fungal infections in LC often refer
only to Candida spp., are usually limited to retrospective
cohorts, and can be biased by underreporting and under
diagnosis. Nevertheless, data shown in the few available
reports appear worrisome in terms of unfavorable out
comes.
Candidemia may arise both endogenously and exoge
nously in patients with LC, but nearly always occurs when
[40,44]
prolonged antibiotic exposure is documented
. The
use of antibiotics for prevention of SBP, in particular, is
frequent and may favor an excessive growth of fungi in the
intestinal flora, potentially causing fungal translocation in
the peritoneal cavity and development of spontaneous
[46]
fungal peritonitis (SFP) . SFP is characterized by PMN
3
counts of ≥ 250 cells/mm in the ascitic fluid along with
positive fungal cultures (with or without concomitant
SBP) and no apparent intraabdominal sources of in
fection, while fungal ascites is defined by lower PMN
[47]
counts . Culture positivity ranged from 0 to 11% in va
[47]
rious studies . SFP is mainly caused by C. albicans, is
frequently nosocomial, and appears associated to higher
[47]
mortality compared to PBS . Advanced liver disease and
GI bleeding have been advocated as risk factors for SFP,
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Table 2 Management of fungal infections in patients with liver cirrhosis
Type
SFP, fungemia,
disseminated fungal
infection (mainly
Candida spp.)
Antifungal prophylaxis

Antifungal treatment

Characteristics

Management

Ref.

Delayed diagnosis and therapy.
Lack of clinical signs and suspicion.
Frequent concomitant SBP.
High mortality.
Factors influencing mortality less known.
Mortality higher than SBP due to delayed diagnosis.

Suspect if peritonitis is not improved after 48 h of
empirical antibiotic treatment.
Perform fungal cultures (ascites and blood).

[44,45,52,53]

Indicated for SBP (high risk, previous episode, GI
bleeding).
No clear indication for fungal infections.
Consider in: ICU patients without improvement >
48 h, high prevalence (> 5%) regions, risk factors
(corticosteroids, prolonged microbial use, CVC, TPN,
high APACHE score, dialysis).
Prompt initiation.
Echinocandins as first-line treatment (e.g., fungemia,
nosocomial SFP or critically ill with CA-SFP).
Fluconazole indicated if less severe infections.
De-escalation if patient is stable and sensitivity tests
available.

[48,54]

Recommendations for fungal infections in LC.

[52-54]

SFP: Spontaneous fungal peritonitis; SBP: Spontaneous bacterial peritonitis; GI: Gastrointestinal; CVC: Central venous catheter; TPN: Total parenteral
nutrition; APACHE: Acute Physiology and Chronic Health Evaluation; LC: Liver cirrhosis; CA: Community-acquired.

[57]

ceptibility has been reported . Echinocandins are
currently recommended as first line treatment in critically
ill patients and in case of reduced susceptibility to fluco
[58]
nazole . Despite evidence of resistance has emerged
especially in C. glabrata, overall resistance rates to
[59]
echinocandines remains low . Compared to azoles such
as voriconazole, echinocandins present reduced liver
[60]
toxicity and better tolerability . While dose adjustments
are not recommended for any severity of liver disease for
micafungin and andulafungin, reduction of caspofungin
[61]
maintenance dose from 50 to 35 mg/d is suggested .
This dose reduction, however, may not be appropriate
in critically ill patients who may have sub-therapeutic
exposure and efficacy. In patients with liver cirrhosis
receiving voriconazole, therapeutic drug monitoring is
recommended due to the correlation between trough plas
[62]
ma concentration and occurrence of adverse effects .

positivity. Targeted microbiological cultures (blood,
urine and ascites cultures) before administration of
antimicrobials are recommended, and the use of mar
kers (e.g., galactomannan, beta-D-glucan) could be
[64]
considered if fungal infections are suspected . Similarly
to other immunocompromised patients, high-resolution
chest CT should be preferred to X-rays for pulmonary
[37]
infections . Besides prompt diagnosis, early appropriate
antimicrobial and/or antifungal treatment remain key
factors in the management of LC patients with severe
infections.
Infections caused by multidrug resistant organisms
(MDRO) may represent a cause of treatment failure
favoring poor outcomes. Prevalence of MDRO in LC pa
tients reflects the global resistance burden of different
countries, thus knowledge of the local patterns of
susceptibility is paramount to optimize empirical and
targeted therapy in severe infections. Two studies in
Italy and Greece identified prevalence rates of MDR in
fections of 27% and 19%, respectively, mainly caused
by ESBL-producing E. coli and carbapenem-resistant K.
[65,66]
pneumoniae
. MDRO accounted for nearly one-third
of BSI in cirrhotic patients in a European multicenter
study that identified inadequate empirical therapy as
[40]
an independent cause of 30-d mortality . Infections
were associated with previous antimicrobial exposure
and invasive procedures. Most common MDRO were
ESBL-producing Enterobacteriaceae (14%), while the
highest mortality rates (> 40%) were associated with
carbapenem-resistant Enterobacteriaceae, Candida spp.,
and E. faecium.

MANAGEMENT OF INFECTIONS IN
CIRRHOTIC PATIENTS
As a general rule, an infection should be suspected in all
cirrhotic patients with unexpected clinical deterioration
(e.g., new onset of porto-systemic encephalopathy, worse
ning of renal or liver function tests) due to the known
[37]
impact of infections on liver disease progression .
A prompt diagnosis of infectious processes in pa
tients with liver disease can be hampered by various
factors that may act as confounders or mask bacterial
and/or fungal infections, thus potentially delaying an
effective treatment. Due to the immune impairment
that accompanies LC, systemic responses and classical
symptoms of infections may be reduced and difficult to
diagnose. Furthermore, LC itself may be a cause of low[63]
grade fever in up to 20% of patients . Opportunistic
infections can also occur and their recognition may be
less immediate, or require longer times to obtain culture
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INFECTIONS IN PATIENTS ON THE
TRANSPLANT WAITING LIST
Patients on the waiting list are frail and often require
multiple hospitalizations, which in turn can favor in
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Table 3 Management of infections in liver transplant recipients
Population/ infection

Risk factor and type of infection

Management

Ref.

Liver transplant candidates/
all infections

Donor-derived.
Active/latent infections.
Vaccine-preventable infection.

[160-165]

Liver transplant recipients/
bacterial

Nosocomial infections (ICU, invasive devices).
Recurrent infections (anatomical defects).
Immunosuppression.

Liver transplant candidates
and recipients/MDRO

Colonization (MRSA, VRE, CRE) linked to increased
risk of infections.
Risk of transmission between patients and across
wards.

Donor screening.
Careful patient history and physical examination.
Identification of infections requiring therapy.
Immunization.
Peri-transplant antibiotic prophylaxis (< 48 h).
Prompt diagnostic workup (uncommon
presentations, opportunisms).
Source control when needed.
Surveillance cultures (CRE, VRE, MRSA) and
decolonization (MRSA).
Infection control (hand hygiene, isolation, contact
precautions).

[76,83,160]

[102,112,164]

LT: Liver transplantation; ICU: Intensive care unit; MDRO: Multidrug-resistant organisms; MRSA: Methicillin-resistant Staphylococcus aureus; VRE:
Vancomycin-resistant enterococci; CRE: Carbapenem-resistant Enterobacteriaceae.

fections and deteriorate liver function or lead to multi
organ failure. Occurrence of severe infections put patients
at risk of dropout from transplant waiting lists, potentially
reducing the possibility to undergo LT and causing a
destructive impact on the natural progression of cirrhosis.
A prospective study evaluating 136 LT candidates devel
oping bacterial infections showed that the majority were
[67]
delisted or died (42%), while 35% underwent LT .
Similarly, occurrence of SBP was documented as a
cause of death of removal from the waiting list in 38%
[68]
of patients with advanced cirrosis . Although higher
post-transplant mortality has not been clearly correlated
with occurrence of pre-transplant infections, other fac
tors such as increased MELD score, prolonged post-LT
intubation and hospitalization were documented among
[69]
infected LT candidate compared with noninfected ones .
Various studies investigating the outcome of LTR after
recovery from an infection prior to LT showed an increase
length of hospital stay, higher rates of postoperative
infections and increased isolation of MDRO compared
to patients without infection, although similar survival
[70]
rates were reported . Careful management of these
patients, especially in case of repeated hospitalization, is
warranted.

identified at least one infection in 41% of cases, with
biliary tract infections and infections due to staphylococci
[72]
representing the most common types .
Complications occurring during transplantation that
imply a more complex and prolonged surgical procedure,
such as development of ischemia-reperfusion injury and
high amount of blood transfused intraoperatively, may
[74,75]
favor surgical site infections
. A prospective study
including LTR with BSI identified CVC-BSI (31%), pneu
monia (24%), and abdominal and/or biliary infections
(14%) as most common sources of bacteremia. Dia
betes mellitus (P = 0.03) and serum albumin level
less than 3.0 mg/dL (P = 0.02) were predictors of bac
teremia. Mortality at 14 d was higher in patients with
BSI compared with nonbacteremic infections (28% vs
[75]
4%, P = 0.03) . Risk factors for mortality among pa
tients with BSI after LT include ICU stay, abnormal labo
ratory findings (e.g., greater serum bilirubin level and
[75]
prothrombin time) and lack of febrile response .
Infections in the donors, if controlled, are not con
sidered a contraindication for transplant. However,
since they may represent a source of post-transplant
bacterial infections, an accurate screening of donors is
[76,77]
recommended (Table 3)
. Opportunistic infections
(e.g., herpesvirus infections, nocaridosis, tuberculosis,
etc.) are considered more common between 1 and 6
mo post-transplant, although pneumonia and intraabdominal infections can still occur during this period.
Risk factors that may favor bacterial infections during
the intermediate post-transplantation period include
over-immunosuppression, allograft rejection, biliary
[73]
tract complications, and re-transplantation . In a
study analyzing early (< 6 mo) vs late post-transplant
infections (> 6 mo), the incidence decreased from
11.5 episodes/1000 transplant-days in the first month
to 1.9 and 0.3 between 1 mo and 6 mo and after 6
[78]
mo, respectively . Gram-positive and Gram-negative
bacteria-related infections were equally distributed
(14.8% of all infections). A specific risk factor for late
infections was the performance of a biliary derivation to
jejune, favoring cholangitis and secondary peritonitis in

INFECTIONS IN LIVER TRANSPLANT
RECIPIENTS
Bacterial infections: Timing

Bacterial infections, especially those caused by noso
comial pathogens, are more common during the early
post-transplant period (0-1 mo). Surgical complications
can lead to wound infections, peritonitis, hepatic artery
thrombosis, and biliary tract ischemia that can cause
biloma or strictures, increasing the risk of recurrent
[12,71,72]
cholangitis
. Other factors contributing to bacterial
infections in the early postoperative period include
mechanical ventilation, prolonged ICU stay, alteration of
the mucocutaneous barrier, vascular and urinary cathe
[73]
terization, and profound immunosuppression . A retro
spective study including 463 LTR over a 3-year period
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LTR. Risk for late bacterial infections varies according to
the recipient’s graft and immune status, with high-risk
patients characterized by recurrent rejection and allograft
[73]
dysfunction requiring intense immunosuppression .
Community-acquired infections, however, remain com
mon following LT even among low-risk patients. A high
level of suspicion for late bacterial infections should be
maintained due to potentially atypical or less expected
infection presentations.
Management of infections in LTR includes prompt
initiation of antimicrobial treatment and adequate source
control (e.g., CVC removal, surgical debridement).

morbidity and length of hospital stay. In patients with
suspected SSI, obtaining purulent discharge cultures
and appropriate imaging (e.g., ultrasounds or CT scan)
of a collection is important to achieve a timely diagnosis.
Management of SSI is usually based on a combined
approach, including surgical debridement and targeted
antimicrobial therapy. A prospective study including 107
(9%) patients developing SSI identified as independent
risk factors choledochojejunal or hepaticojejunal re
construction, previous liver or kidney transplant, and
[83]
transfusion of more than 4 red blood cell units .
Intra-abdominal infections: IAI represent common
infections, accounting for up to 50% of early bacterial
infections following LT, and include intraabdominal ab
[84-86]
scesses, peritonitis, and cholangitis
. IAI can be
polymicrobial and are mainly caused by Enterococci,
staphylococci, Pseudomonas spp., Enterobacteriaceae,
[84]
and anaerobes . Risk factors for IAI are often related
to complications during transplantation and their severity
is increased by hepatic artery thrombosis and arterial
[84,87]
stenosis
. Compared with SSI, IAI can have a major
impact on patients’ outcome. A study encompassing 57
LTR with biloma showed higher rates of mortality, graft
loss and need for re-transplantation compared to patients
[84,87]
without IAI
. Predictors of mortality were renal insuf
ficiency (P = 0.02) and infections due to Candida spp. or
Gram-negative bacteria.
Adequate imaging, such as ultrasounds, CT scan, or
MRI, along with prompt source control are often essential
to assure an appropriate management of IAI. Surgical
approaches include percutaneous drainage of infected
foci and control of peritoneal contamination by diversion
or resection (e.g., biliary strictures or stones). Patients
with diffuse peritonitis from a perforated viscus should
undergo prompt emergency surgery. Intraoperative
samples and cultures from recently (< 48 h) inserted
drains or ascitic fluid collected in blood culture vials
should always be performed to achieve a microbiological
diagnosis.

Type of post-transplant bacterial infections

Bloodstream infections: BSI represent an important
[79]
cause of mortality in LTR . BSI mainly occur during
the first post-operative month and appear to be pre
dictors of long-term survival in transplant recipients. A
study encompassing 704 LTR at a single center over
a 10-year period showed an incidence of BSI of 37%
[79]
with an overall mortality of 16% . The majority of BSI
(39%) occurred within 10 d after LT. Most frequently
isolated pathogens were Enterobacteriaceae (41%), S.
aureus (19.8%), Enterococci (13.1%), P. aeruginosa
(8.8%), and yeasts (7.1%). A similar study including
only Gram-negative bloodstream infections identified
an incidence of 210/1000 person-years within the
first month following transplantation. Compared to
kidney transplant recipients, LTR were more likely to
develop early infections and had higher BSI-associated
[80]
mortality . Potential sources of BSI include intra-ab
dominal infections (IAI), CVC-BSI, pneumonia, and,
less frequently, urinary tract infections. Need for reoperation, prolonged use of indwelling vascular catheters,
and acute graft rejection represent predisposing factors
[79]
for BSI . Gram-negative bacilli such as E. coli, K.
pneumoniae, and P. aeruginosa are often the most
commonly isolated pathogens, although enterococci,
viridans streptococci, and polymicrobial infections are
[79-81]
frequently reported among LTR
. Blood cultures from
CVC and peripheral vein represent the gold standard
for the diagnosis of BSI and CVC-BSI. If pneumonia or
urinary tract infections are suspected, additional cultures
(e.g., sputum, bronchoalveolar lavage, or urine cultures)
and imaging (e.g., chest CT scan or kidney imaging)
should be performed. Management of persistent BSI
also warrants the investigation of deep-seated infections
(e.g., endocarditis, intra-abdominal abscesses, etc.)
and, when possible, prompt source control measures
such as removal of vascular catheters and drainage of
[37]
collections .

Difficult-to-treat bacteria and MDRO

Although any bacteria can potentially be isolated after LT,
infections are mainly caused by Enterobacteriaceae, P.
aeruginosa, enterococci (including E. faecium), viridans
[88-90]
streptococci, and S. aureus
. Even if an increase
in Gram-negative pathogens responsible for infections
in LTR has been documented, Gram-positive bacteria
[91]
remain the most frequent agents of CVC-BSI .
Similar to liver cirrhosis, an increasing number of
antimicrobial resistant bacteria has been documented
among LTR, with prevalence rates varying significantly
according to the geographic areas and among different
[92]
centers . Most case series reporting rates of MDR Gramnegative in solid organ transplant recipients, however,
were from endemic areas, resulting in relatively high
[93,94]
percentages ranging from 18% to 50%
. Very few
reports specifically documented the rates of resistance

Surgical site infections: Surgical site infections (SSI)
can occur in up to 10% of patients undergoing LT. SSI are
more frequently associated to the early post-transplant
period and are mainly caused by Enterococcus spp., E.
[82,83]
coli, and S. aureus
. Although they carry a relatively
low mortality risk, SSI are associated with increased
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Figure 2 Studies reporting the percentage of infections caused by methicillin-resistant Staphylococcus aureus, MDR Pseudomonas aeruginosa, and
extended-spectrum beta-lactamase-producing Enterobacteriaceae following liver transplantation[79,91-93, 95-97]. 1Data reported for all solid organ transplants;
2
MRSA data obtained from reference 98[98]. MRSA: Methicillin-resistant Staphylococcus aureus; MDR-PA: Multidrug-resistant Pseudomonas aeruginosa; ESBL-EB:
Extended-spectrum-beta-lactamase Enterobacteriaceae.

among the most frequently isolated pathogens in LTR
[79,91-93,95-98]
(Figure 2)
, and larger prospective studies
are necessary to understand the global impact of these
infections. Table 4 summarizes the current antimicrobial
options to treat MDRO.

valence rates, infection control policies, and recipients’
[105]
general state of illness . Infection control strategies
aiming to reduce the transmission of MRSA through
multifaceted interventions such as active surveillance,
contact isolation, hand hygiene, environmental cleaning,
decolonization of carriers, and antimicrobial stewardship
[106]
are mandatory (Table 3) . Each transplant program,
however, should consider the local epidemiology as a key
parameter to implement the infection control practices.
Although vancomycin remains the mainstay for treat
ment of MRSA, various limitations have been associated
with its use, including lower efficacy for strains with MIC
> 1.0 mg/L and MSSA-mediated infections, reduced
tissue penetration, and increased renal toxicity compared
[88,107,108]
to other available options
. Valid alternatives to
vancomycin include linezolid, especially in the treatment
of MRSA-related pneumonia, and daptomycin (Table
[108-111]
4)
. Furthermore, novel anti-MRSA options have
recently become available for the treatment of MRSA,
although most of them have only been approved for
SSTI and real-world data, especially in the field of organ
[109]
transplantation, are still limited .

Methicillin-resistant S. aureus: S. aureus is an
important cause of BSI, pneumonia, wound infections
and IAI in LTR, especially within the first 3 post[88]
transplant months . Isolation of methicillin-resistant
S. aureus (MRSA) in LTR varies across centers and may
cause up to 50% of BSI, with important implications
[99]
for empirical therapy that may result inadequate .
MRSA isolation has been linked to several risk factors,
including recent surgery (< 2 wk), cytomegalovirus
primary infection, extended ICU stay, concomitant major
post-transplant infections, peritonitis, and increased
[99-101]
prothrombin time
. S. aureus carriers who are trans
plant candidates have a higher risk (24% to 87%) of
post-LT infections and may benefit from decolonization
[102-104]
prior to transplantation
. Pre-transplant iden
tification of colonized patients and subsequent eradi
cation of MRSA may be a valuable strategy for limiting
S. aureus infections. Decolonization, however, is not
permanent; hence it is difficult to determine the optimal
timing to decolonize a patient. MRSA colonization is
also possible following LT, according to local MRSA pre
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Vancomycin-resistant Enterococci: Enterococcal
infections are usually associated to CVC-BSI, catheter[112]
associated urinary tract infections, and SSI . Vanco
mycin resistance among Enterococci (VRE), especially
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Table 4 Treatment options for multidrug resistant organisms in liver transplant recipients
Pathogens
MDR Gram-positives
MRSA

VRE

Recommendation

Antimicrobial regimens

Ref.

Nasal decolonization with mupirocin.
Daptomycin highly bactericidal in BSI; non effective
in pulmonary infections.
Linezolid and tigecycline bacteriostatic.

Vancomycin1/linezolid OR
Daptomycin OR
Tigecycline OR
Novel anti-MRSA cephalosporins (ceftaroline,
ceftobiprole)2.
Linezolid OR
Daptomycin OR
Tigecycline.

[107-111]

Daptomycin highly bactericidal in BSI; non effective
in pulmonary infections.
Linezolid and tigecycline bacteriostatic.

MDR Gram-negatives
ESBL-producing
Enterobacteriaceae

Conflicting data on carbapenem superiority vs
BLBLI.
Meropenem recommended for high inoculum
infections and unstable patients.
Carbapenem-resistant Test antimicrobial susceptibility (also on colonizing
Enterobacteriaceae
strains).
Some evidence of better outcomes with combination
therapy vs monotherapy.
New molecules promising but scarce data in LT.

MDR P. aeruginosa

Test antimicrobial susceptibility.
New molecules promising but scarce data in LT.

[113,121,122]

Carbapenems OR
Piperacillin/tazobactam.

[175-177]

Ceftazidime/avibactam, OR
Combination regimen (at least two active drugs)
including colistin/polymixin B, tigecycline,
aminoglycosides1 (gentamycin, amikacin),
Ⅳ fosfomycin, high-dose prolonged infusion

[127,137,138,175,178]

carbapenems.
For uncomplicated UTI, consider monotherapy
(aminoglycosides, fosfomycin).
Combination regimen (at least two active drugs)
including colistin, an anti-pseudomonal beta-lactam
(if susceptible), aminoglycosides1, fosfomycin OR
Ceftolozane/tazobactam, ceftazidime/avibactam

[175,179,180]

1

Therapeutic drug monitoring recommended; 2Approved for skin and soft tissue infections and community-acquired pneumonia (ceftaroline), communityacquired and hospital-acquired pneumonia excluding ventilator-associated pneumonia (ceftobiprole). MDR: Multidrug resistant; BLBLI: Beta-lactam/betalactamase inhibitor combination; BSI: Bloodstream infections; LT: Liver transplantation; MDRO: Multidrug-resistant organisms; MRSA: Methicillin-resistant
Staphylococcus aureus; VRE: Vancomycin-resistant enterococci; CRE: Carbapenem-resistant Enterobacteriaceae.

E. faecium, currently represents a concern in various
[113]
transplant centers . VRE-colonized transplant recipients
act as reservoirs for VRE transmission and carry an
[114,115]
increased risk of infection, ICU stay, and death
. GI
colonization with VRE among LTR is reported between
[116,117]
3% and 55%
, while reported rates of VRE infec
tions among colonized LTR range between 12% and
[114,116-118]
32%
. A study including LTR who developed bilo
mas in the early post-transplant period showed that the
most common responsible pathogens were Enterococci
[87]
(37%); of these, 50% were VRE . Common risk
factors for VRE infections include antimicrobial use, bi
liary leaks and strictures, and surgical re-exploration or
[114-118]
percutaneous drainage
. Contact isolation in patients
with VRE colonization and infection is recommended
(Table 3). Daptomycin and linezolid are commonly used
for VRE infections in solid organ transplant recipients,
although reduced susceptibility to these antimicrobials
has already been reported even in patients without pre
[119-122]
vious exposure to these molecules
.

of MDRO causing infections in LTR have exponentially
increased worldwide, reaching up to 50% in some
[92,96]
centers
. Various risk factors have been associated
with antimicrobial resistance, including reoperation, graft
[96]
rejection, and abdominal infections . Unfortunately,
MDRO infections are recognized to cause increased mor
[79,92,96]
tality compared to non-resistant infections
.
P. aeruginosa is an early nosocomial pathogen and
represents a major cause of infection in LTR, accounting
[81]
for about 6.5% of all BSI . BSI caused by MDR P.
aeruginosa compared to susceptible strains appeared
significantly more frequent in transplant recipients
compared to non-transplanted patients. P. aeruginosa
infections caused by MDR strains reached 43% in the
[92,123]
United States and up to 52% in China
. MDR P.
aeruginosa causing nosocomial pneumonia in LTR has
[124]
been reported between 50% and 65% .
Rates of extended-spectrum beta-lactamases
(ESBL)-producing Enterobacteriaceae in LTR vary be
tween 6% to 13% according to the area, reaching up to
[125,126]
40% in endemic countries
. Risk factors for ESBLassociated infections include pre-transplant colonization,
advanced liver disease, and reoperation. In a study
encompassing 317 LTR, independent factors associated
with preoperative fecal carriage of ESBL-producing
Enterobacteriaceae included exposure to a beta-lac
tam agent in the month preceding transplantation

MDR Gram-negative bacteria: MDR among Gramnegative bacteria is particularly relevant in LTR due to the
documented shift from Gram-positive to Gram-negative
[71,81]
bacteria infections in the last decade
. E. coli, K.
pneumoniae, and P. aeruginosa currently represent
[81,92]
commonly isolated bacteria in BSI after LT
. Rates
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[125,126]

(P < 0.001) and a history of SBP (P = 0.02)
.
The occurrence of ESBL-associated infections has
increased the use of carbapenems, that usually re
present the last resort for antimicrobial therapy in
immunocompromised patients. Carbapenem-resistance
has subsequently developed, further complicating the
management of LTR since the optimal treatment for
carbapenem-resistance Enterobacteriaceae is not yet
[127]
established . Carbapenem-resistant K. pneumoniae
(CRKP), in particular, has emerged as a major threat for
immunocompromised and hospitalized patients world
[128,129]
wide and is associated with significant mortality
.A
retrospective study evaluating 14 CRKP infection episodes
after LT showed early onset of infection (median time
from LT of 12 d) and mortality rates of 71%. Survival
rates were significantly lower for patients with CRKP
infections compared to those without (29% vs 86%, P <
0.001), and represented an independent risk factor for
[93]
mortality along with MELD scores ≥ 30 . Isolation of
CRKP in LTR represents a public health threat in endemic
[94,130]
countries
. In one Unites States transplant center,
CRKP accounted for 23% of all bacterial infections in
[93,82]
LTR
. Risk for acquisitions of CRKP in the general
population that are also commonly encountered in LTR
include exposure to broad-spectrum antibiotics, need for
[131]
invasive devices, and ICU stay . Only recently, some
studies have analyzed the presence of specific factors
that can be predictive of CRKP infections in LTR. CRKP
pre- and post-transplant colonization appeared as an
important factor associated with CRKP infections. In a
cohort of 41 CRKP rectal carriers (11 at LT and 30 post[132]
LT), 20 patients developed CRKP infections . Compared
with 2% of non-colonized patients, rates of infections
were 18% and 47% among carriers before and after LT,
respectively. Besides carrier status, renal replacement
therapy, mechanical ventilation for > 48 h, and HCV
[132]
recurrence appeared correlated with CRKP infections .
Another recent study involving 54 patients with CRKP
infections identified as independent risk factors for posttransplant infections the presence of CRKP colonization,
reoperation, combined transplantation, MELD > 32, and
[133]
dialysis .
There are currently no guidelines specifically ad
dressing the management of MDRO infections in LTR.
Recent recommendations from the Spanish group for
the study of infection in transplant recipients (GESITRA)
identified as a key point the characterization of the
isolate’s phenotypic and genotypic resistance profile in
order to select a targeted therapy that can be adjusted
[134]
according to susceptibility results . A specific surgical
prophylaxis regimen is currently not recommended for
patients colonized with carbapenem-resistant strains.
Carrier status in LTR recipients, however, should be
timely detected, and empirical therapy in case of infection
should include active antibiotics based on available
microbiological results. Even if donor and/or recipient
colonization are associated with an increased risk of
infection, carrier status currently do not represent a
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contraindication to transplantation, but warrants contact
isolation precautions and strict hand hygiene compliance.
Due to the high-mortality of these infections and while
awaiting real-world data on new antibiotic options,
preventive strategies and antimicrobial stewardship
programs remain key steps to curtail the impact of car
bapenem-resistant infections in this cohort.
Novel molecules targeting MDR Gram-negative
are currently available, although data on their use
[135]
in immunocompromised patients remain scarce
.
Among new antimicrobial options, ceftazidime-avi
bactam has demonstrated promising activity against
[136-138]
CRKP in preliminary studies
, and meropenemvaborbactam has recently been approved for the treat
ment of complicated urinary tract infections caused
by carbapenem-resistant Enterobacteriaceae. Both
compounds, however, are not active against strains
harboring metallo-beta-lactamases (MBLs) that are
[139]
common in certain geographic areas . Results from
observational studies including old antibiotics have
shown better outcomes for combination therapy (Table
4), but these results remain conflicting and were not
[140-142]
confirmed by all studies
. New compounds targeting
carbapenem-resistant strains, including MBLs (e.g.,
cefiderocol, aztreonam-avibactam) are currently under
[143]
investigation
. Regarding Pseudomonas spp., the
novel beta-lactam/beta-lactamase inhibitor ceftolozanetazobactam has shown good activity against MDR
strains, including carbapenem-resistant isolates, with the
[144]
exception of MBL producers .

Fungal infections in liver transplant patients

Although better outcomes have been reported after
the introduction of novel antifungals, invasive fungal
infections remain an important cause of mortality in
[145,146]
LTR, with reported rates between 25% and 81%
.
Fungal infections are frequent in absence of antifungal
[147,148]
prophylaxis and can occur in up to 42% of LTR
.
Factors having an impact on the distribution and fre
quency of fungal infections include changes in surgical
techniques, patient and donor organ characteristics,
local fungal ecology and resistance, and the use of
antifungal prophylaxis. The most common cause of
invasive fungal infections in LTR is Candida spp. Can
dida infections, including candidemia, abdominal in
fections, and biliary infections, are mostly nosocomial
[149]
and occur early after LT
. A retrospective study in
LTR identified an overall incidence of fungal infections
of 12%, with non-albicans Candida accounting for
55% of the infections; of these, half were caused by
[150]
. One-year pa
fluconazole-resistant C. parapsilosis
tient survival rates were significantly reduced among
patients with fungal infections compared to those
without (41% and 80%, respectively). Multivariate
analysis showed that pre-transplant fungal colonization
was associated with subsequent infections. Various
other risk factors have been reported among patients
developing fungal infections after LT, including high
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blood product volumes during surgery, early surgical reexploration, choledochojejunostomy, retransplantation,
fulminant hepatic failure, and severe renal impair
[145,147,148,151-153]
ment
.
There is currently no consensus on pre-LT fungal
prophylaxis regarding clinical indication, best regimens,
and duration. Outcome benefits correlated with the use
of antifungal prophylaxis among solid organ transplant
recipients appear conflicting, and universal prophylaxis
[154-157]
is currently not recommended
. Pre-transplant risk
assessment, however, appears useful to identify patients
who are at high-risk for the development of fungal
[57,158]
infections
.
Similar to liver cirrhosis, echinocandins and azoles are
the most commonly used antifungals for the treatment of
Candida spp. infections in LTR. Compared to the azoles,
very few drug interactions have been reported with
echinocandins. Only caspofungin use has been associated
with relevant changes in the Cmax of tacrolimus (up to
20% reduction) and cyclosporine (up to 35% increase in
[159]
plasma concentration of caspofungin) .
Lipid formulations of amphotericin B provide widespectrum options for patients that may be at risk of nonCandida infections. Voriconazole (and most recently,
isavuconazole) remain the drug of choice for invasive
aspergillosis, although limitations in its use in LTR and
patients with compromised liver function are represented
by significant drug interactions with immunosuppressants
[159]
and occurrence of liver toxicity .

outcome of patients with liver cirrhosis, liver transplant
candidates, and liver transplant recipients remain dra
matic despite the advances in antimicrobial therapy and
surgical techniques. The mechanisms associated with the
increased risk of infections in LC are complex and include
genetic predisposition, fecal dysbiosis, disruption of the
intestinal barrier causing intestinal hyperpermeability,
and multiple immunological deficits (Figure 1). In LTR,
immunosuppression and risk factors associated with
surgery and prolonged hospital stay represent the main
causes for bacterial and fungal infections.
Research into the mechanisms favoring infections
in cirrhosis is key to find potential areas of intervention.
New strategies to modulate the gut-liver interaction
are urgently needed since factors such as systemic
inflammation and endotoxemia, that may cause lifethreatening complications in LC (e.g., SBP and hepatic
encephalopathy), are related to the gut environ
[165,166]
ment
. Studies on the preservation of microbiome
composition and function appeared promising in hemato
logical patients undergoing hematopoietic stem cell
[167]
transplantation . Preliminary studies on gut microbiotabased therapeutics (e.g., probiotics, prebiotics, rifaximin,
[166]
etc.) in cirrhosis are ongoing
, but the impact of
targeted intervention on gut dysbiosis, bacterial function,
or metabolic state is still unclear.
Studies on cirrhosis-associated immune dysfunction
appear also important to understand the patterns of
pro-inflammatory or immunodeficient phenotypes
that can lead to infection susceptibility and/or organ
failure in different phases of liver disease, in order to
identify potential markers or specific targets of disease
[168,169]
progression
.
Bacterial and fungal infections in LT candidates and
recipients are often peculiar and may be characterized
by confounding factors that favor delayed diagnosis and
poor outcomes. For this reason, research dedicated to
the development of rapid and accurate diagnostic tools is
urgently needed. This is particularly relevant, considering
the exponential increase in MDRO, in order to promote
the correct use of antibiotics based on the results of
microbiological cultures. Specifically, novel instruments of
rapid diagnostics (e.g., matrix assisted laser desorption/
ionization time-of-flight mass spectrometry, multiplex
polymerase chain reaction platforms, etc.) may allow
for prompt identification of pathogens, giving direction
to clinicians dealing with severe infections in terms of
broadening, discontinuation, and de-escalation of empiric
[170,171]
regimens
.
Furthermore, despite the availability of novel anti
biotics in recent years, there is currently no consensus
on optimal antimicrobial regimens that can safely
and effectively treat infections caused by MDR Gramnegative bacteria in immunocompromised hosts. Re
sults from pathogen-directed clinical trials employing
novel antibiotics with broad activity are largely awaited.
Limitations in the use of new molecules, however, include
the scarce clinical experience from real-world studies, the
lack of knowledge of their pharmacokinetics principles in

Management of infections in LTR

Bacterial and fungal infections in LTR are often associated
to surgical complications, involving pathogens that are
typically encountered in nosocomial infections and,
more recently, MDRO. Clinical presentations of common
bacterial infections may be atypical, and clinical and/
or radiological findings may not be evident due to an
impairment of the inflammatory responses caused by
immunosuppressive therapies. Graft rejection can also be
confused with infections. Early diagnoses can therefore
be challenging and often require invasive diagnostic
procedures that remain key to identify the correct cause
of infection and promote a potentially successful therapy.
The choice of an appropriate antimicrobial regimen for
LTR can be particularly challenging due to the need of an
urgent empiric therapy in severe infections, the increased
rates of antimicrobial resistance, and the risk of drug
toxicity and drug-drug interactions. Knowledge of the
local epidemiology is particularly important since the
empiric antimicrobial treatment should take into account
the coverage of resistant pathogens that colonize or
have been previously isolated in LTR, especially in areas
that are endemic for MDRO or during outbreaks. Table 3
summarizes the main principles for the management of
[160-164]
infections in LTR
.

CONCLUSION
The impact of bacterial and fungal infections on the
WJG|www.wjgnet.com
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immunocompromised patients, and an increased risk of
[172]
toxicity, especially for combination therapies .
Finally, the optimization of current strategies directed
towards the prevention and treatment of infections
in patients with liver disease and LTR remain a key
point for their successful management. Examples
are represented by the implementation of dedicated
antimicrobial stewardship programs and specific bun
dled interventions based on transplant centers’ local
[171,172]
needs and epidemiology
. Studies evaluating
antimicrobial stewardship programs in transplant re
cipients, for example, are limited but have shown
[173,174]
promising results
. All these efforts, however, can
not be successful without the constant involvement
of multidisciplinary teams, including transplant
surgeons, hepatologists, specialists in infectious dis
eases and infection control, microbiologists, and phar
[175-180]
macologists
.
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Abstract
Worldwide, more than one million people die each
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year from hepatitis C virus (HCV) related diseases, and
over 300 million people are chronically infected with
hepatitis B or C. Egypt used to be on the top of the
countries with heavy HCV burden. Some countries are
making advances in elimination of HCV, yet multiple
factors preventing progress; remain for the majority.
These factors include lack of global funding sources for
treatment, late diagnosis, poor data, and inadequate
screening. Treatment of HCV in Egypt has become
one of the top national priorities since 2007. Egypt
started a national treatment program intending to
provide cure for Egyptian HCV-infected patients. Mass
HCV treatment program had started using Pegylated
interferon and ribavirin between 2007 and 2014. Yet,
with the development of highly-effective direct acting
antivirals (DAAs) for HCV, elimination of viral hepatitis
has become a real possibility. The Egyptian National
Committee for the Control of Viral Hepatitis did its
best to provide Egyptian HCV patients with DAAs.
Egypt adopted a strategy that represents a model of
care that could help other countries with high HCV
prevalence rate in their battle against HCV. This review
covers the effects of HCV management in Egyptian real
life settings and the outcome of different treatment
protocols. Also, it deals with the current and future
strategies for HCV prevention and screening as well as
the challenges facing HCV elimination and the prospect
of future eradication of HCV.

worldwide. In 2015, the global prevalence of HCV in
fection was 1.0%, with the highest prevalence in the
Eastern Mediterranean Region (2.3%) followed by the
European one (1.5%). The annual mortality due to HCVrelated complications is estimated to be approximately
[1]
700000 deaths .
Seven HCV genotype strains have been identified and
classified according to the phylogenetic and sequence
[2]
analyses of the whole viral genomes . Genotype
[3]
strains differ at 30%-35% of the nucleotide sites . HCV
genotype 4 is the predominant type among chronically
[4]
infected Egyptian patients .

HCV BURDEN IN EGYPT
The highest prevalence of HCV infection is present in
Egypt, with 92.5% of patients infected with genotype
4, 3.6% patients with genotype 1, 3.2% patients with
multiple genotypes, and < 1% patients with other
[2,3,5,6]
genotypes
(Figure 1).
In Egypt, widespread HCV infection was caused
by a mass-scale treatment campaign of intravenous
antischistosomal injections executed between 1950
[7]
and 1980 . In 1996, the HCV seroprevalence was >
40% among adults, whereas in 2008, the Demographic
Health Survey (DHS) showed a seroprevalence of
14.7% and viremic prevalence of 9.7% in 15-59-year[8,9]
old patients . The latest DHS in 2015 reported a
[10]
seroprevalence of 10% and viremic prevalence of 7% .
As per the DHS, the HCV burden significantly decreased
approximately 30% between 2008 and 2015 (Figure
2). However, in the 2008 DHS, this apparent decline in
HCV seroprevalence was not attributed exclusively to the
decrease in the newly acquired infections but to the aging
of patients infected 50 years ago in the mass campaigns
[11]
held for treatment of schistosomiasis .
Notably, HCV is mostly prevalent among lower so
[12]
cioeconomic sections of the population . The HCV
prevalence rate is higher in rural areas (12%) than in
urban areas (7%); HCV prevalence is also related to
wealth: 12% in the lowest wealth quintile compared
to 7% in the highest quintile. In Egypt, 26% of the
population lives below the national poverty line with
[9]
income of < 1.6 USD per day . Therefore, hepatitis C
infection can be considered as a socioeconomic condition.
In addition to economic burden, HCV infection causes
life-compromising health burden. It was estimated
that the annual rates of liver decompensation, death/
transplantation, and hepatocellular carcinoma (HCC)
in HCV patients to be 6.37%, 4.58%, and 3.36%,
[13]
respectively .
In 2015, the economic burden of HCV in Egypt was
estimated to be $3.81 billion, whereas direct health
care costs of HCV-associated diseases exceeded $700
[14]
million annually . It is expected that the economic
burden will exponentially increase as HCV-infected
individuals progress to more advanced disease stages
of decompensated cirrhosis, HCC, and liver-related
[15]
mortality . The cumulative total economic burden of
HCV disease was estimated at $89.1 billion between

Key words: Hepatitis C virus; Egypt; Direct acting
antivirals; screening; elimination; Limitations
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Egypt started a large treatment program
intended to provide therapy for Egyptian hepatitis C
virus (HCV)-infected patients. The Egyptian National
Committee for the Control of Viral Hepatitis provides
a model of care that could help other countries with
high HCV prevalence rate in their battle against HCV.
This review covers the results of HCV management in
Egyptian real life settings and the outcome of different
treatment protocols. Also, it covers the current and
future strategies for HCV prevention and screening.
Lastly, we discussed the challenges facing HCV
elimination and the prospect of future eradication of
HCV.
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INTRODUCTION
Hepatitis C virus (HCV) is a major health problem
WJG|www.wjgnet.com

4331

October 14, 2018|Volume 24|Issue 38|

Omran D et al . Towards HCV elimination in Egypt
100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

composed of hepatologists, pathologists, radiologists,
clinical pharmacists, and all other specialties participating
in assessment and follow-up, in each center is in charge
[17]
of the management of patients . These centers reached
64 facilities in 2018, covering the country with < 50
km between every two bordering centers, and were
interconnected through a special dedicated intranet.
The National Network for Treatment Centers res
ponsible for data transfer and other administrative
issues, monitoring work progress, issuing treatment
protocols, and overseeing these centers comes under
the governance of the NCCVH. After the introduction of
new direct-acting antivirals (DAAs), the story continued
with obtaining these drugs at very low prices through
negotiations between the NCCVH and the manufacturing
companies. This allowed the treatment of a large
number of patients in the first phase of the treatment
program, and the number maximized to approximately
150000 patients in 3 years after the introduction of the
locally produced generic DAAs. As expected, such a
large nationwide program represented a huge financial
challenge to a resource-limited country like Egypt.
The main funds for the program were through the
governmental support funds issued to patients who are
[20]
not under the umbrella of health insurance . These
funds were utilized for pre-treatment investigations, cost
of medications, and follow-up laboratory tests during
treatment.

92.50%

no
ty
p
ge

M

ul
tip
le

Ge

no
ty
p

e

e

5

4
e

3

no
ty
p
Ge

5

0.10% 3.20%

0.20%

e

2

no
ty
p

e
Ge

no
ty
p
Ge

Ge

no
ty
p

e

1

3.60% 0.40%
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2013 and 2030

.

NATIONAL TREAMENT PROGRANM FOR
MANAGING HCV IN EGYPT

RESULTS OF HCV MANAGEMENT IN
EGYPTIAN REAL-LIFE SETTINGS

In response to the major problem of HCV in Egypt,
the Egyptian Ministry of Health and Population (MOH)
launched the National Committee for Control of Viral
Hepatitis (NCCVH) in 2006 to be in charge of combating
[17]
HCV epidemic in the country . The Egyptian NCCVH
started its work by issuing the national treatment
strategy for controlling HCV infection, which represented
[18]
the road map for the activity of NCCVH . Many
stakeholders were represented in the NCCVH, including
experts in the field of HCV from Egypt in addition to
[19]
some international experts . Based on the national
treatment strategy, the main initiative tasks for the
NCCVH were to estimate the actual HCV disease burden
and develop a reliable infrastructure to function as a base
[17,20]
for the national treatment program activities
. The
main challenge at that time was the high cost of antiviral
medications, and thus, providing such medications for
free (on the expense of the MOH) or at a highly reduced
cost was the main pillar for attracting patients to the
project. The infrastructure of the program relied mainly
on establishing a wide network of specialized centers
that provide integrated care for HCV patients. This
integrated care includes all required services needed
for HCV management, including screening, evaluation
of the patients for their eligibility for treatment, ad
ministration of therapy, and follow-up during as well as
after treatment. A well-trained multidisciplinary team,

WJG|www.wjgnet.com

The mass HCV treatment program started administering
pegylated interferon and ribavirin between 2007 and
[17]
2014 . However, the response to pegylated interferon
and ribavirin was not satisfactory and was associated
[21]
with many adverse events .
In October 2014, the introduction of sofosbuvir
markedly changed therapeutic outcomes (Table 1).
[22]
Ruane et al
treated 60 chronic hepatitis C patients
of Egyptian ancestry with sofosbuvir and ribavirin for
12 wk or 24 wk. In their study, sustained virological
response (SVR) rates ranged from 68% to 93%, being
more in patients who received 24 wk of therapy. Similar
[23]
results were obtained in Egypt by Doss et al who used
sofosbuvir and ribavirin for treating treatment-naive and
experienced patients. SVR rates were 77% in patients
treated for 12 wk and 90% in those treated for 24 wk,
with favorable response in non-cirrhotic patients.
[24]
Elsharkawy et al
compared interferon-containing
sofosbuvir triple therapy (sofosbuvir, pegylated interferon,
and ribavirin) versus dual therapy (sofosbuvir and
ribavirin) in 14409 patients and found the SVR rates to
be 94% with triple therapy and 78.7% with dual therapy.
Predictors of SVR were female gender, being easy to
treat patient, and previous treatment with interferon
[25]
and ribavirin. El kassas et al evaluated the efficacy of
different DAA combinations in Egyptian patients receiving

4332

October 14, 2018|Volume 24|Issue 38|

Omran D et al . Towards HCV elimination in Egypt
Table 1 Highlight on some recent studies exploring the efficacy of different direct acting antivirals combinations in Egypt
Ref.

Year of Number of
publication patients

Regimen used

Sustainted virologic response rate
68% for 12 wk or 24 wk and 93% for patients
treated for 24 wk
77% in patients treated for 12 wk and 90% for
patients treated for 24 wk
94% with triple therapy and 78.7% with dual
therapy
82.9%-100.0%
96.55% and 84.54%

Ruane et al[22]

2015

60

Sofosbuvir and ribavirin for 12 wk or 24 wk

Doss et al[23]

2015

103

Sofosbuvir and ribavirin for 12 wk or 24 wk

Elsharkawy et al[24]

2017

14409

El Kassas et al[25]
Ahmed et al[26]

2018
2018

7042
300

Abd-Elsalam et al[27]
El Kassas et al[28]

2018
2018

2400
10083

El-Khayat et al[29]
Eletreby et al[30]
Abdel-Moneim et al[31]

2017
2017
2018

583
6211
946

Omar et al[34]
El-Khayat et al[35]
Elsharkawy et al[36]

2018
2018
2018

18378
144
337042

Triple; sofosbuvir, pegylated interferon and ribavirin
versus dual; sofosbuvir and ribavirin
Different combinations used
Sofosbuvir plus daclatasvir with or without ribavirin
for 12-24 wk
Sofosbuvir and ribavirin
71.20%.
A 4-wk lead-in phase of sofosbuvir, pegylated
100% in those whoe received the lead in phase
interferon and ribavirin followed by 12 wk therapy with treatment regimen and 98.9% in those who
sofosbuvir and daclatasvir versus 12 wk therapy with
received sofosbuvir and daclatasvir only
sofosbuvir and daclatasvir
Sofosbuvir and simeprevir for 12 wk
95.70%
Sofosbuvir and simeprevir for 12 wk
94.00%
Sofosbuvir, daclatasvir versus Sofosbuvir, daclatasvir
95% and 92%
and ribavirin
Daclatasvir plus sofosbuvir
95.10%.
Ledipasvir plus sofosbuvir
99.00%
Different combinations used
82.7% to 98.0%

treatment in one of the NCCVH centers and found the
SVR rates to be 82.9%-100%.
[26]
In the study by Ahmed et al , sofosbuvir plus
daclatasvir with or without ribavirin for 12-24 wk were used
to treat 300 HCV genotype 4 Egyptian patients and the
SVR12 rates were 96.55% in non-cirrhotic and 84.54% in
[27]
cirrhotic patients. Further, Abd-Elsalam et al assessed
the safety of dual therapy (sofosbuvir and ribavirin) in
2400 cirrhotic patents and found the overall SVR rate to
be 71.2%.
In another interesting and unique study, El Kassas
[28]
et al
evaluated a 4-wk lead-in phase of sofosbuvir,
pegylated interferon, and ribavirin, followed by a 12-wk
therapy with sofosbuvir and daclatasvir. In their study,
the SVR rates were surprisingly very high (100%)
compared with that in a group of patients who received
the 12-wk therapy with sofosbuvir and daclatasvir
without lead-in phase treatment (SVR: 98.9%).
The combination of sofosbuvir plus simeprevir has
[29,30]
been tested in two large real-life cohorts in Egypt
.
[29]
In a study by El-Khayat et al , a 12-wk regimen of
simeprevir plus sofosbuvir led to an overall SVR rate
of 95.7%, which increased to 98.9% in patients with
mild fibrosis and to 100% in treatment-experienced
patients. Another study using simeprevir plus sofosbuvir
achieved overall SVR rates of 94% and SVR rates of
96% and 93% in easy- and difficult-to-treat groups,
[30]
respectively .
Sofosbuvir, daclatasvir, and ribavirin combination
has proven to be safe and effective in several studies in
Egypt. A cohort of 946 Egyptian patients with chronic
HCV was enrolled for treatment with sofosbuvir and
[31]
daclatasvir with and without ribavirin . An overall
SVR12 rate of 94% was achieved; 95% in the easy-totreat group receiving Sofosbuvir and daclatasvir, and
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92% in the difficult-to-treat group receiving Sofosbuvir,
[31]
[32]
daclatasvir, and ribavirin . El-Khayat et al
reported
92% SVR rates in naïve cirrhotic patients and 87%
in previously treated patients. Most reported adverse
events included anemia, fatigue, headache, and
pruritus. Serious adverse events were HCC and hepatic
encephalopathy, and they were present in patients with
[33]
Child-Turcotte-Pugh score class B. Mohemd et al
showed that DAA combinations led to improvements in
biochemical parameters and clinical outcomes in their
study.
A large cohort of patients (18378) who received
generic sofosbuvir /daclatasvir with or without ri
bavirin showed an overall SVR rate of 95.1% and a
discontinuation rate of 1.5%, with most discontinuations
[34]
being due to patient withdrawal and pregnancy .
[34]
Mortality was reported in five patients .
Ledipasvir plus sofosbuvir combination has recently
been approved for treating adolescents with chronic
[35]
hepatitis C. El-Khayat et al
evaluated the safety and
efficacy of this regimen in Egyptian adolescents and
found it to be well tolerated, safe, and effective, with
SVR12 rates of 99%. Relapses were more in treatmentnaïve patients, and no case of serious adverse events,
treatment discontinuation, or death was reported. Skin
rash, pruritus, and diarrhea were the minor adverse
[35]
events observed .
In the study that evaluated real-life HCV treatment
outcomes of DAAs in the largest cohort of 337042
patients with different fibrosis stages (F0-F4) in Egypt,
sofosbuvir and ribavirin therapy for 24 wk showed
the lowest SVR12 rate (82.7%) compared with other
regimens that showed SVR rates between 94% and
[36]
98% .
Another recent study has evaluated adverse events in
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149,816 chronic hepatitis C patients treated with different
regimens in the national HCV treatment program in
Egypt. In this study, adverse events developed in 1.7%
patients, with serious adverse events occurring in 68%
of them, mainly in patients treated with sofosbuvir and
ribavirin. Anemia and hyperbilirubinemia were the most
commonly reported adverse events. HCC and mortality
were reported in 0.02% and 0.06% of treated patients,
respectively. Adverse events were more common in
patients who were males and with cirrhosis, high bilirubin
levels, and low hemoglobin, platelet, and albumin
[37]
levels .

HCV vaccine: HCV vaccine is an important research
issue. Two promising studies are in progress; one by
GlaxoSmithKline and another that was launched in
March 2011 as a clinical trial by National Liver Institute,
[44]
Menofyia University, Egypt .

Secondary prevention

Early detection and treatment of HCV patients is the goal
of Egypt’s treatment program starting in 2014, intending
HCV prevalence reduction to < 2% in 10 years, in line
with global targets. In addition, Egypt has aimed to treat
250000 people annually up to 2020 in the first phase
[45]
of their treatment program aiming at reducing the
number of viremic patients, thus limiting the ongoing
HCV transmission.
With the availability of DAAs, Egypt is struggling to
[46]
eliminate HCV and HCV-related morbidity by 2030 .

PREVENTIVE MEASURES AND
AWARENESS CAMPAIGNS
Egypt is supporting a comprehensive approach for tackling
hepatitis through “Plan of action for the prevention, care
[38,39]
and treatment of viral hepatitis, Egypt 2014-2018”
.

COMMUNITY-BASED PARTICIPATION IN
HCV BATTLE

Primary prevention of HCV

Primary prevention of disease requires strict measures to
prevent HCV transmission to vulnerable people. This aim
can be achieved by

Considering the high prevalence of HCV infection in
Egypt, many interventions are required to limit HCV. The
first and the most important step is to stop transmission.
Shaving at barbershops is a known risk factor for
[47]
transmission of both HCV and HBV infections . Targeted
educational programs on the importance of equipment
[48]
sterilization are promoted .
As illiteracy was known to be a risk factor for HCV
transmission in Egypt, the endorsement of health
education about the usage of single-use syringes,
screening, and treatment of the diagnosed patients
decreased the transmission rate and HCV-related
[49]
complications . Education program directed to
awareness about infection risks due to having sex with
multiple partner and IV drug use, and precautions to
reduce infection transmission by single needle use and
[50,51]
cleaning the injection site
.
Among dialysis patients, the annual HCV incidence
rate was 28% in 2001. The introduction of IC practices
by the MOH resulted in a major decline in this percentage
[52]
to 6% in 2012 .
Recently, Information Education Communication had
attempts to increase awareness about viral hepatitis
in Egypt through, hotlines for counseling, universities
vaccination campaign and World Hepatitis Day ce
lebration. World Hepatitis Day celebration meant to
bring all stakeholders together and convey an important
message to the community. Stakeholders shared in
[38]
policy making and implementation of action plan .

Strengthening surveillance to detect viral hepatitis
transmission and disease: Guided by the MOH
viral hepatitis centers, surveillance programs to detect
viral hepatitis were expanded to many facilities other
than hospitals, including, antenatal care units, prisons,
dialysis units and patients requiring frequent medical
[38]
intervention .
Promoting infection control practices to reduce
viral hepatitis transmission: Viral hepatitis trans
mission in Egypt is largely related to improper infection
control practice during various medical procedures as;
dental, obstetric, injection administration and blood
[23,40,41]
transfusion
.
In 2002, MOH, NAMRU-3, and WHO developed a
plan to establish an organizational infection control (IC)
program structure, develop IC guidelines, train health
care workers (HCWs), promote occupational safety,
and establish a system for monitoring and evaluating
[42]
IC activities in Egypt . The plan implementation was
assessed in 2011, denoting improved infection control
practice, HCWs compliance and substantial reduction in
[38]
iatrogenic HCV transmission .
Improving blood safety to reduce viral hepatitis
transmission: Blood transfusion services providers
should implement strict measures to ensure blood
[38]
safety . Special precautions should be followed in
hemodialysis centers; HCV patients should use certain
hemodialysis instruments other than those used for
non-infected individuals, healthcare providers should
wear protective gloves while dealing with HCV patients
[43]
and the hemodialysis instruments .
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SCREENING PROGRAMS
Most HCV infected patients are unaware of being infected
[53,54]
until they develop hepatic cirrhosis
. Egypt has
high HCV transmission rate with around 416000 new
[55]
infections each year , related to self-sustained spread of
infection; each HCV patient can transmit the infection to
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[56]

3.54 subjects .
Screening programs helps to identify asymptomatic
HCV patients to benefit from early treatment and
counseling programs to maintain their health by avoi
ding high-risk behaviors and awareness about selfprotection and prevention of further HCV spread in the
[55]
community .
Due to the unavailability of HCV vaccine as well as
the estimated large number of current and ongoing
infections, the preventive measures, namely screening,
should be prioritized at the same level as the treatment
[57]
campaigns .
In 2008, the Egyptian Demographic Health Survey
reported HCV antibody prevalence of 14.7%. The study
sample included 11126 women and men aged 15-59
years. It was the first nationwide representative sample
for anti-HCV testing performed in Egypt. The blood
samples were tested by a third-generation enzymelinked immunosorbent assay to detect the anti-HCV
antibody. Sera positive for anti-HCV antibodies were
[9]
tested for HCV RNA . This was followed by another
[11]
screening in 2015 .
Similar to other developing countries with a high
HCV disease burden, Egypt has limited funds to support
large-scale prevention programs. Therefore, prioritizing
prevention activities, such as screening programs,
[58]
through specific high-risk groups are essential .
In the past, blood transfusion or transfusion of other
blood products was a major risk factor for HCV infection.
In some historic cohorts, ≥ 10% of the patients who
received blood transfusions were infected with hepatitis
[59]
C . However, since the early 1990s, blood donor
screening for HCV has nearly eliminated this transmission
route. Several studies conducted on Egyptian blood
donors have shown higher prevalence of HCV among
paid blood donors and family replacement blood donors
[60,61]
than among voluntary donors
. Further, male donors
[62]
had a higher prevalence of HCV than females , and
blood donors from rural areas had a higher prevalence
[63]
than those from urban areas .
Some other screening studies were specifically
conducted on children, spouses, and family contacts
[64-66]
of HCV-infected patients in Egypt
. In one such
study, the HCV prevalence among spouses of infected
[67]
patients was as high as 35.5% . In another study, the
prevalence among family contacts of infected patients
[68]
was found to be 5.7% .
Screening among hospitalized and special clinic
populations revealed elevated HCV prevalence among
individuals receiving even minor medical care procedures
[69]
in and outside established health care facilities .
Studying the prevalence of HCV exposure among
HCWs, would give us data on the priority treatment
and prevention of HCV in Egypt. Several studies were
conducted among populations in select HCV-relevant
[70-73]
professions
. The anti-HCV prevalence among
[71]
HCWs worldwide ranges from 0% to 9.7% . This
is comparable with that of the general populations of
[72,73]
the same country
. For example, in 2008, a cross-
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sectional study performed on 1770 HCWs at Cairo
[74]
found the anti-HCV prevalence to be 8% . This was
comparable to the anti-HCV prevalence in the general
[9]
populations of Cairo governorate in 2008 . Moreover,
it was approximately similar to that (7.39%) in general
[11]
populations of rural Lower Egypt governorates . The
high anti-HCV prevalence among Egyptian HCWs and
their importance as a source for transmitting HCV
suggests mass screening of all HCWs dealing with
infectious secretions or tissues and those performing
exposure-prone procedures.

LIMITATIONS FOR HCV ELIMINATION
Being an economically constrained country, budget
limitation is the main challenge for HCV elimination in
Egypt. HCV elimination challenge lies not only in the
costs of treatment but also in the costs of diagnosis.
Most patients remain undiagnosed and are therefore not
appropriately managed. Inadequate diagnosis relates
to investigation cost and the high illiteracy rates and low
HCV awareness among the general population about
[75]
the transmission modes and high-risk behaviors .
Hence, the majority of infected individuals in Egypt are
unaware of their infected status. To achieve 2030 disease
elimination target, the number of newly diagnosed pa
tients annually must exceed 350000/year together with
a decrease in the incidence of new cases by > 20%
[76]
annually .
Coordination of all efforts is needed to train health
care personnel, to deliver efficient care, counseling, and
treatment to patients with chronic HCV in accordance
with the national and international guidelines.
IC is another limitation to HCV elimination in Egypt.
The overall IC had been assessed. In 2003, the overall IC
score was 19. In response, the Egyptian MOH launched
an IC program to promote safe practices in hospitals
and health care facilities. This increased the overall IC
score to 68.9 in 2011. However, Egypt still lacks formal
IC programs in many health care facilities, professional
health care workers with training or expertise in IC, and
adequate equipment sterilization, reprocessing practices,
and waste management. Limiting the ongoing HCV
transmission in Egypt necessitates wider application of IC
standards to all health and dental care providers beyond
MOH facilities as well as increasing the community
awareness.
Until recently, only 40% of HCV-infected individuals
were enrolled in government programs for HCV era
dication, whereas the HCV treatment expenditure for the
remaining 60% individuals comes from Health Insurance
Organization, insurance companies, and private pay
[77]
ments . Currently, the MOH financially sponsors the
treatment for all patients who are not covered by health
[17]
insurance . Local pharmaceutical companies provide
generic versions so as to make DAAs more available for
individuals who cannot be treated through governmental
schemes. In this context, the national health surveys
in Egypt need to be expanded to make all infected
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Fulfilling the
inclusion criteria
for treatment

Patient evaluation

Treatment using different
DAA regimens

Follow up of all patients
who completed their
treatment regimens
regardless of their fibrosis
stage using abdominal
ultrasound and serum
AFP/6 mo

Not fulfilling the
inclusion criteria
for treatment

No treatment with DAAs

Follow up of cirrhotic
patients using
abdominal ultrasound
and serum AFP/6 mo

Figure 3 Management of hepatitis C virus patients in Egyptian viral hepatitis treatment centers. DAAs: Direct acting antivirals.
[83]

individuals aware of their infection status so that they can
seek treatment.

of lesions . However, the possible role of DAAs in
HCC development needs to be further studied to verify
the assumption and to identify the possible associated
factors. Currently, we are endorsing a surveillance
program for patients who have completed DAA therapies
in Egypt. This surveillance program is based on the recall
of all patients regardless of their fibrosis stage. Such
patients will be subjected to abdominal ultrasound and
serum alpha fetoprotein measurement every 6 mo (Figure
3). In Egypt, we aim to implement a long-term followup and screening program for our HCV patients so that
such treatment centers also function as early detection
centers for HCC. Such a program would encourage
the government to implement therapeutic options for
the early detected cases of HCC with higher success
rates simultaneously with the running program for HCV
eradication. Such an accomplishment will create centers
of excellence targeting all HCV-related complications with
radical therapeutic options.
All scientific breakthroughs were originally dreams,
followed by future perspective plans and program
implementation; we are surely dedicated and insistent
on creating such a new breakthrough.

FUTURE PROSPECTIVE FOR HCV
ELIMINATION
Elimination of an ongoing nightmare like HCV is a national
and global dream because of its burden on all aspects
of life. Such a dream comes with its future perspectives.
We plan to build centers for controlling and treating HCV
as nuclei for integrated multidisciplinary centers for liver
disease management and screening of treated patients for
HCC and centers of excellence for HCC treatment as well
as liver transplantation.
To date, deceased donor liver transplantation has
not been implemented in any treatment center program
despite law approval by the Egyptian Parliament in 2010.
The current practice of living donor liver transplantation
(LDLT) is the only choice to save many lives and is
implemented in nearly 13 centers, with an increase in
the total number of LDLT cases to approximately 2400
[78]
with improving results . HCC incidence is increasing
worldwide. Globally, it is considered the second cause
[79,80]
. To date, in Egypt, HCC
of cancer-related death
is known to be the second most common cancer in
men and the sixth most common cancer in women,
and unfortunately, no current program has yet been
implemented for early detection and management of
[81]
such cases . However, it does not seem like a national
dilemma as a Canadian study stated that most HCC cases
referred to tertiary treatment centers are in palliative
[82]
stages . Therefore, because of the obvious advantages
of early intervention in HCC, surveillance measures with
early detection seem to be the only plausible option. In
our experience, HCC developing after chronic hepatitis C
treatment with DAAs showed a more infiltrative pattern
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CONCLUSION
The high prevalence of HCV infection in Egypt, which
is considered the highest worldwide, prompted the
launch of Egypt’s pioneering experience against
HCV, aiming to eradicate viral hepatitis by 2030. The
strategic plan targeted both treatment and prevention
of new transmissions. The introduction of DAAs is a
milestone in HCV eradication plan, with SVR rate of
almost 100% obtained using certain DAA combinations.
Preventing new transmissions is a real challenge that
requires collaborative efforts to increase population
awareness about transmission modes, safe practices,
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and importance of screening and early diagnosis. The
battle against HCV presented a huge financial burden on
Egypt as it is a resource-limited country. It was difficult to
provide funding sources to the HCV eradication program
as only 40% of the HCV-infected individuals are enrolled
in government programs for HCV eradication, whereas
the HCV treatment expenditure for the remaining 60%
individuals comes from Health Insurance Organization,
insurance companies, and private out-of-pocket
spending. Fortunately, funds were secured from the
governmental support funds issued to individuals who are
not under the umbrella of health insurance, and a large
number of patients achieved SVR. Egypt provides a role
model in planning and implementing the life-long goal of
viral hepatitis eradication, which can be implemented in
other countries to copy the Egyptian campaign target “For
a world free of hepatitis C.”
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Abstract
AIM
To investigate the temporal clinical, proteomic, histo
logical and cellular immune profiles of dextran sulfate
sodium (DSS)-induced acute colitis.
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METHODS
Acute colitis was induced in C57BL/6 female mice by
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administration of 1%, 2% or 3% DSS in drinking water
for 7 d. Animals were monitored daily for weight loss,
stool consistency and blood in the stool, while spleens
and colons were harvested on day 8. A time course
analysis was performed in mice ingesting 3% DSS,
which included colon proteomics through multiplex
assay, colon histological scoring by a blinded inves
tigator, and immune response through flow cytometry or
immunohistochemistry of the spleen, mesenteric lymph
node and colon.

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic inflam
matory diseases and consist mainly of ulcerative colitis
(UC) and Crohn’s disease (CD). UC usually presents
with symptoms of diarrhea, weight loss, abdominal
pain and blood in the stool and the development of
IBD is associated with genetic, environmental and
[1,2]
microbial factors . Despite the rapid rise of IBD in the
United States (US) and Europe, even with the advent
of biological therapies, there are no current treatments
that will sustain remission. Numerous animal models,
including the chemically inducible colitis model of
dextran sulfate sodium (DSS), have been developed
to understand the pathobiology of IBD and evaluate
[3-5]
novel therapies . When DSS is added to drinking
water, mice develop colitis that can be modulated by
altering the DSS concentration, molecular weight and
[6,7]
microbiota . DSS primarily causes disruption of the
intestinal barrier, allowing access of antigens and proinflammatory factors from the intestinal contents to the
mucosal layer of the large bowel. Moreover, the exact
[6,8,9]
mechanism has not been thoroughly elucidated
.
Histological characteristics of DSS colitis includes the
depletion of crypts, infiltration of neutrophils, ulceration
and inflammation of the mucosal and submucosal
[10]
[11]
layers . Initial studies
suggested that human UC
was predominantly associated with a Th2 immune
response [interleukin (IL)-5], however it has been
shown that other factors from Th1 [tumor necrosis
factor alpha (TNFα)] and Th17 (IL-17, IL-23) profiles are
[12-15]
also implicated in the development of the disease
.
Although the DSS acute and chronic colitis models
are not solely dependent on B and T cell responses, a
complex interplay between innate and adaptive immune
system occurs, in which neutrophils (N), eosinophils (E),
macrophages (M), dendritic cells (DC), T cells and B
cells participate in the exaggerated presentation of the
[15-18]
disease
.
Previous studies have individually investigated the
clinical manifestations of DSS induced colitis with temporal
proteomic, immune cells infiltration, histological changes
[9,15,16,19-21]
in the colon and transcriptional genomics
.
In the current study, the relationship between daily
clinical activities along with temporal molecular analysis,
histological features and immune cell trafficking were
investigated during the acute phase of DSS colitis, to
further the understanding of the interaction of these
factors in disease development.

RESULTS
Progressive worsening of clinical colitis was observed
with increasing DSS from 1% to 3%. In mice ingesting
3% DSS, colon shortening and increase in proinflammatory factors starting at day 3 was observed,
with increased spleen weights at day 6 and day 8. This
coincided with cellular infiltration in the colon from day 2
to day 8, with progressive accumulation of macrophages
+
+
+
F4/80 , T helper CD4 (Th), T cytotoxic CD8 (Tcyt)
+
and T regulatory CD25 (Treg) cells, and progressive
changes in colonic pathology including destruction of
crypts, loss of goblet cells and depletion of the epithelial
barrier. Starting on day 4, mesenteric lymph node and/
or spleen presented with lower levels of Treg, Th and
Tcyt cells, suggesting an immune cell tropism to the gut.
CONCLUSION
These results demonstrate that the severity of experi
mental colitis is dependent on DSS concentration, cor
related with clinical, proteomic, histological and cellular
immune response on 3% DSS.
Key words: Ulcerative colitis; Dextran sulfate sodium;
Proteomics; Inflammatory bowel diseases; Inflammation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study contributes to a better understanding
of the dextran sulfate sodium (DSS) acute colitis model
in order to provide a stronger basis for novel therapies.
Colonic proteomic temporal analysis reveals an increase
in cytokines with a strong influx of immune cells. The
highest cytokine levels were observed when animals
were no longer drinking DSS, suggesting a rebound
response. Secondary lymphoid organs contribute by
sending different immune cells to the colon during the
+
+
+
acute phase, such as CD4 , CD8 and CD25 T cells.
Our results demonstrate involvement of the adaptive
and innate immune responses during the acute phase of
DSS-induced colitis.

MATERIALS AND METHODS
Animals

Nunes NS, Kim S, Sundby M, Chandran P, Burks SR, Paz AH,
Frank JA. Temporal clinical, proteomic, histological and cellular
immune responses of dextran sulfate sodium-induced acute
colitis. World J Gastroenterol 2018; 24(38): 4341-4355 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i38/4341.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i38.4341
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The protocol was approved by the Animal Care and Use
Committee at our institution. C57BL/6 female mice 6-8
wk old from Charles River Laboratories (Wilmington, MA,
United States) were used for the experiments. Animals
were housed in specific pathogen-free conditions with
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each time point) were collected and processed for flow
cytometry analysis. Tissue samples were smashed
between two frosted glass slides in the presence of
ammonium-chloride-potassium lysing buffer (Lonza,
Walkersville, MD, United States) until they were
dissociated. PBS 1 × was added and samples were
centrifuged at 1500 r/min at 4 ℃ for 10 min. Cells
were re-suspended in PBS 1 ×, filtered through a 70
μm filter and centrifuged at 1500 r/min at 4 ℃ for 10
min. The pellet was incubated in 10% formalin for 35
min at 4 ℃ and washed in PBS 1 ×. Samples were kept
at 4 ℃ until flow cytometry analysis. The single cell
suspension was incubated with the proper amounts of
antibodies in Stain Buffer (BD Pharmingen, San Jose,
CA, United States) for 35 min on ice protected from
light, following manufacturer instructions. Samples
were loaded in a V-bottom 96-well plate and read in
Accuri C6 Flow Cytometer (BD Biosciences, San Jose,
CA, United States). Data were analyzed using Accuri
C6 Flow Cytometer software. Immune cells were
+
+
characterized for T helper cells (CD3 CD4 ), T regulatory
+
+
+
+
+
cells (CD3 CD4 CD25 ), T cytotoxic cells (CD3 CD8 ),
+
+
B cells (B220 ) and Macrophages (F4/80 ). Antibodies
used were FITC F4/80 (Rat, 0.5 mg/mL, eBioscience),
PE CD25 (Rat, 0.2 mg/mL, BD Pharmingen), Alexa Fluor
488 B220 (Rat, 0.5 mg/mL, Biolegend), APC CD4 (Rat,
0.2 mg/mL, BD Pharmingen), FITC CD3 (Rat, 0.5 mg/
mL, BD Pharmingen) and PE CD8a (Rat, 0.2 mg/mL,
+
+
+
+
BD Pharmingen). Enriched F4/80 and CD3 CD4 CD25
populations were separated prior to flow cytometry
analysis using Magnetic Cell Separation MicroBeads
(MACS - Miltenyi Biotec, Bergisch Gladbach, Germany)
+
+
following manufacturer instructions in CD4 CD25
Regulatory T cell isolation kit and with F4/80 MicroBeads
Ultrapure. There were collected 20000 events for each
sample and results are presented as the mean ± SD
percentage of the total number of cells. Isotypes were
also analyzed for each antibody and sample. Flow
cytometry gating can be found in Supplementary Figures
1 and 2.

Table 1 Disease activity index scoring
Score
0
1
2
3
4

Weight loss

Stool consistency

Bleeding

None
1%-5%
5%-10%
10%-15%
More than 15%

Normal
Loose stools
Watery diarrhea

No bleeding
Slight bleeding
Gross bleeding

12h-12h light-dark cycles under controlled humidity and
temperature.

DSS colitis model

Experimental acute colitis was induced by administration
of 1%, 2% or 3% (wt/vol) DSS (36000-50000 Da MP Biomedicals, Solon, OH, Unites States) in drinking
water ad libitum for 7 d and euthanized at day 8. Control
animals were allowed sterilized tap water ad libitum. For
the time course analysis, mice received 3% DSS for 7 d
and were euthanized on day 0, day 2, day 3, day 4, day
5, day 6 and day 8. Euthanasia was performed through
isoflurane anesthesia followed by cervical dislocation for
collection of biological samples.

Clinical activity

Animals (n = 6/DSS group and n = 6/time point) were
daily evaluated through disease activity index (DAI), as
[7,22]
previously described
. Table 1 contains the grading
criteria used for the DSS colitis model. Briefly, animals
were evaluated for weight loss (0-4), stool consistency
(0-4) and blood in the stool (0-4), in which DAI reaches a
maximum score of 12. After euthanasia at different time
points, the entire colon was collected and cleaned with
flushing PBS (Phosphate buffered saline) 1 ×. Colon was
weighed, and the colon length was measured from the
caecum to the anus. Spleen was weighted and further
processed for flow cytometry analysis.

Proteomics

Colon samples from animals (n = 6/each time point)
receiving 3% DSS were snap frozen and later homo
genized for protein extraction. Briefly, frozen colon
samples were processed in cell lysis buffer containing
150 mmol/L NaCl, 1 mmol/L EDTA, 20 mmol/L Tris-HCl
and 0.05% Tween-20, with addition of protease inhibitor
(Thermo Scientific, Waltham, MA, United States) and
1.0 mm Zyrconium Beads. Samples were centrifuged
twice at 14000 r/min at 4 ℃ for 20 min and supernatant
was collected. Aliquots were kept at -80 ℃ until further
analysis. Samples were quantified through bicinchoninic
acid assay (BCA - Thermo Scientific, Waltham, MA, United
States) and diluted to a final concentration of 1 mg/mL
of total protein. Colon homogenates were analyzed by
MILLIPLEX Map Mouse Cytokine/Chemokine Panel (EMD
Millipore, Billerica, MA, United States) using Bio-Plex 200
(Bio-Rad) according to manufacturer specifications.

Histological and immunohistochemistry evaluation

For bright field microscopy, colon samples (n = 4/DSS
group and n = 4/each time point) freshly collected from
animals receiving 3% DSS were washed with PBS 1 ×,
cut longitudinally and kept in 10% NBF (neutral buffered
formalin) as a Swiss roll for 24 h at room temperature
(RT). Tissue was kept in PBS 1 × until further processed
into paraffin blocks. 3 μm sections were stained with
Guills II hematoxylin and Eosin-Y (HE) for morphologic
analysis. The histological evaluation was performed as
[7]
previously described . Briefly, the tissue was analyzed
for grade of inflammation (0-3), extent within the in
testine layers (0-3), regeneration (0-4), crypt damage
(0-4) and percentage of involvement (0-4), reaching
[23]
a maximum score of 56 (Table 2) . Images were
obtained on a Leica Aperio ScanScope CS using a 20 ×
air objective (NA = 0.75, Leica Microsystems, Buffalo
Grove, IL, United States) and Aperio ImageScope
software. HE staining was done on spleen and MLN using

Flow cytometry

Spleen and mesenteric lymph nodes (MLN) (n = 6/
WJG|www.wjgnet.com

4343

October 14, 2018|Volume 24|Issue 38|

Nunes NS et al . Temporal analysis of DSS acute colitis
Pad Inc., La Jolla, CA, United States). Experiments were
evaluated through multiple student’s t-test and one-way
ANOVA followed by Dunnett post-hoc test. P < 0.05 was
considered statistically significant. Data are presented as
mean ± SD.

Table 2 Histological scoring
Feature graded

Grade

Description

Inflammation

0
1
2
3
0
1
2
3
4
3
2
1
0
0
1
2
3
4
1
2
3
4

None
Slight
Moderate
Severe
None
Mucosa
Mucosa and submucosa
Transmural
No tissue repair
Surface epithelium not intact
Regeneration with crypt depletion
Almost complete regeneration
Complete regeneration or normal tissue
None
Basal 1/3 damaged
Basal 2/3 damaged
Only surface epithelium intact
Entire crypt and epithelium lost
1%-25%
26%-50%
51%-75%
76%-100%

Extent

Regeneration

Crypt damage

Percent involvement

RESULTS
This study demonstrates the progressive aggressiveness
of colitis with increasing DSS concentration from 1%-3%
based on clinical and histological results. That led us
to focus on the evaluation of the proteomic profile and
immune cell infiltration in the colon of mice ingesting 3%
DSS. We observed worsening of colonic pathology with
lymphocytic, macrophage and eosinophilic infiltration
that was associated with increasing pro and antiinflammatory cytokines, chemokines and trophic factors
(CCTF) expression in the colon over day 2 to day 8.

Comparison between 1%, 2% and 3% DSS

Acute DSS chemically induced colitis was evaluated
at three dose levels of 1%, 2% and 3% for 7 d in the
drinking water of mice and the clinical course was
monitored and scored for the presence of bloody stools,
watery diarrhea and weight loss for 8 d. In comparison
to the control group, all three percentages of DSS in
water resulted in progressive and increased clinical
scores (Figure 1). The 1% DSS group exhibited weight
loss starting on day 7, while the 2% DSS group showed
variability in decreasing weight starting at day 6 (Figure
1). In comparison, mice that ingested 3% DSS showed
prominent weight loss from day 5, reaching around -20%
by day 8. For all DSS groups, colon lengths significantly
decreased (P < 0.05) compared to control mice (Figure
1). The mean splenic weights significantly increased (P
< 0.05) in mice ingesting 2% and 3% DSS compared to
the control group, indicative of a robust systemic immune
response (Figure 1). Histological scores were significantly
higher (P < 0.05) in the 2% and 3% DSS groups, with
clear evidence of destruction of crypts, loss of goblet
cells, depletion of the epithelial barrier and infiltration
of neutrophils and eosinophils at time of euthanasia
(day 8) on HE staining (Figures 2 and 3). While there
was no difference in colon weights amongst the groups
compared to control mice, colon shortening was
apparent in the 3% DSS cohort starting on day 3 (Figure
3). Splenic weights were significantly increased at day
6 and day 8, representing a systemic response one day
before 3% DSS withdrawal and an increased histological
inflammation (Figure 3). Overall, mice ingesting 3% DSS
had greater clinical scores, weight loss, colon shortening,
spleen weights and histological scores that led us to
investigate the proteomic and immunological changes
over time.

the same method as colon samples.
For immunohistochemistry studies, FFPE (formalin
fixed paraffin embedded) 3 μm colon and MLN samples
(n = 4/each time point) were cut using a Leica Manual
Microtome, mounted on adhesive slides, left at 20 ℃
overnight and then baked for 1 h at 65 ℃ the next
day. Samples were incubated in antigen unmasking
solution (citrate-based, pH = 6.0; Vector Laboratories,
Burlingame, CA, United States) at 100 ℃ for 40 min
and blocked with SuperBlock Blocking Buffer (Thermo
Scientific, Waltham, MA, United States) for 20 min at RT.
Primary antibodies CD4 (Rabbit, 0.623 mg/mL, Abcam),
CD8 (Rabbit, 1 mg/mL, Abcam), F4/80 (Rabbit, 0.23
mg/mL, Novus Biologicals), B220 (Rat, 0.5 mg/mL,
Invitrogen) and CD25 (Goat, 0.2 mg/mL, Invitrogen)
were incubated at RT for 1 h. Samples were incubated
with Peroxidazed 1 (BioCare Medical, Pacheco, CA, United
States) for 5 min at RT, followed by incubation with the
respective secondary HRP (Horseradish Peroxidase)
antibody for 30 min at RT. Samples were incubated with
Immpact DAB (3,3-diaminobendizine) Peroxidase HRP
substrate (Vector Laboratories, Burlingame, CA, United
States) for 5 min at RT. All samples were counterstained
for 5 min with warmed 60 ℃ Methyl Green (Vector
Laboratories, Burlingame, CA, United States). Respective
isotypes were also analyzed. Images were obtained on
a Leica Aperio ScanScope CS using a 10 × air objective
(NA = 0.75, Leica Microsystems, Buffalo Grove, IL,
United States) and Aperio ImageScope software.
Photomicrographs were obtained from the whole area
of the colon or MLN and analyzed through ImageJ. The
quantification was done following the ratio of positive
cells by the total area, multiplied by 100 and represented
in percentage.

Colon proteomics

Proteomic changes following the introduction of 3%
DSS in water were determined based on multiplex
ELISA and showed a significant increase (P < 0.05,
ANOVA compared to control) in expression of pro-

Statistical analysis

Statistical analysis was performed using Prism 7 (Graph
WJG|www.wjgnet.com
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Figure 1 Comparison between 1%, 2% and 3% dextran sulfate sodium. Experimental colitis was induced by the administration of DSS in drinking water for 7 d at
three different concentrations. Were performed daily clinical evaluations for (A) disease activity index and (B) weight loss. At the end of 8 d, animals were euthanized
and were collected measurements for (C) colon length, (D) colon weight and (E) spleen weight. Multiple student’s t test for clinical scores and one-way ANOVA
followed by Dunnett post-hoc test for colon length, colon weight and spleen weight. aP < 0.05 vs control. n = 6/DSS group. DSS: Dextran sulfate sodium.

inflammatory cytokines and chemokines: IL-1α, IL1β, IL-5, IL-6, IL-9, IL-17, eotaxin, granulocyte-colony
stimulating factor (G-CSF), interferon γ (IFN-γ), kera
tinocyte chemoattractant (KC), leukemia inhibitory
factor (LIF), lipopolysaccharide-induced CXC chemokine
(LIX), monocyte chemoattractant protein 1 (MCP-1),
monokine induced by gamma interferon (MIG), macro
phage inflammatory protein 1α (MIP-1α), MIP-1β,
MIP-2, regulated on activation, normal T cell expressed
and secreted (RANTES) and TNFα starting at day 3
(Figure 4; Supplementary Figure 1 for raw data). Both
pro and anti-inflammatory CCTF were elevated on
day 8, when animals were ingesting water. There was
a significant (P < 0.05) decrease in detection of IL-2,
IL-10, IL-15, macrophage-colony stimulating factor
(M-CSF) and vascular endothelial growth factor (VEGF)
compared to control while animals were administered
DSS 3%. We observed no changes in expression of
IL-4, IL-7, IL12p40 and IL12p70 while animals ingested
3% DSS (Figure 4; Supplementary Figure 1). These
results show that there are progressive inflammatory
alterations in the colonic microenvironment that peaks
one day after discontinuing DSS.

would suggest that monocyte tropism to the colon
probably originated from bone marrow instead of the
secondary lymphoid organs. Cytotoxic T cells and Th
cells were significantly elevated (P < 0.05) in the colon
starting around day 6 and day 8, whereas Treg started
to increase on day 4 as a countermeasure to the in
flammatory environment in the colon. In comparison,
Th cells were decreased only in the spleen from day 4
and forward, while both spleen and MLN demonstrated
lower levels of Tcyt cells around day 6 and day 8. Treg
were significantly (P < 0.05) decreased in the spleen and
+
MLN starting on day 4 and day 6. B-cells (B220 ) were
significantly (P < 0.05) elevated in the MLN on day 8
after cessation of DSS, otherwise there was no changes
compared to the control in the spleen and colon during
the experiment. Figure 6 summarizes the fold changes
in immune cell populations compared to day 0 (control)
in the colon, spleen and MLN over the course of 8 d in
this experiment and depict the trafficking of cells from
secondary lymphoid tissues into the colon that resulted in
an inflammatory response to 3% DSS. Detailed data on
flow cytometry analysis can be found in supplementary
figures 2 and 3. Images from HE and/or IHC analysis can
be found in supplementary figures 4 and 5.

Immune cells reaction to 3% DSS

Immune cells population trafficking into the colon
from the spleen and MLN were characterized from
mice receiving 3% DSS by flow cytometry and IHC.
+
The presence of macrophages (F4/80 ) progressively
increased (P < 0.05) in the colon from day 2 to day
8, while the spleen and MLN did not show differences
when compared to control, besides a small increase in
the MLN at day 4 (Figures 5 and 6). This observation

WJG|www.wjgnet.com

DISCUSSION
DSS is a chemically induced model of colitis characterized
by a disruption of the epithelial barrier, resulting in
microfloral substances entering the colonic mucosa and
activating an innate immune response that produces
[24]
local inflammatory factors . It closely resembles human
[25,26]
UC, which affects over 3.5 million people worldwide
.
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Figure 2 Histological comparisons between 1%, 2% and 3% dextran sulfate sodium. At the end of 8 d, the difference between DSS concentration was visible in (A)
colonic damage (crypt depletion, inflammation, loss of epithelial barrier) compared to control. (B) Histological scores were similar between 2% and 3% DSS, where at
the end of 8 d it is possible to visualize (C) the loss of the Ep and (D) infiltration of eosinophils (E) and lymphocytes (L). One-way ANOVA followed by Dunnet post-hoc
test. aP < 0.05 compared to control. n = 4/DSS group. DSS: Dextran sulfate sodium; Ep: Epithelial layer.

The acute tissue damage is characterized by a Th1/
Th17 immune cell profile that leads to disease progre
[15]
ssion . Previous studies have approached the analysis
of acute DSS colitis by focusing on individual pathological
[9,15,16,19-21]
features of the disease
. However, in the current
study we demonstrate the temporal changes in clinical
symptoms, histological features, immune cell population

WJG|www.wjgnet.com

and proteomic response during the acute phase of DSS
colitis.
We observed that the severity of experimental colitis
was dependent on DSS concentration, and that clinical
changes started as early as day 1, following initial
ingestion. Increasing DSS concentration correlated with
clinical disease severity, although on gross pathological

4346

October 14, 2018|Volume 24|Issue 38|

Nunes NS et al . Temporal analysis of DSS acute colitis

a

8

a

a

a

6

a

4
2
0

0

2

3

4

5

6

8

Time after 3% DSS (d)

Histological score

D

60

C

250

Spleen weight
(% of body weight)

B

10

Colon weigth (mg)

Colon length (cm)

A

200
150
100
50
0

0

2

3

4

5

6

8

Time after 3% DSS (d)

0.8
a

a

0.6
0.4
0.2
0.0

0

2

3

4

5

6

8

Time after 3% DSS (d)

a

50
40
a

30
20
10
0

0

2

3

4

5

6

8

Time after 3% DSS (d)

Day 4

Day 0

Day 2

Day 6

Day 8

Figure 3 Colon and spleen in 3% dextran sulfate sodium time course. Experimental colitis was induced by the administration of DSS 3% in drinking water for
7 d. Colon shortening started as early as day 3 (A), with no changes in colon weight (B). Spleen weight was increased on day 6 and day 8 (C), at the same time as
histological scores were augmented, demonstrating crypt depletion, loss of goblet cells, loss of the epithelial layer and inflammatory cells’ infiltration (D). One-way
ANOVA followed by Dunnett post-hoc test. aP < 0.05 compared to control (day 0). n = 4/each time point for histology and n = 6/each time point for colon and spleen
measurements. DSS: Dextran sulfate sodium.

examination all groups presented the same level of
colon shortening. The difference between clinical and
pathology suggest a mismatch (i.e., clinical disease
severity does not correlate with histological scores)
in the DSS colitis model. Our data contradicts the
[9]
previous report , in which animals started to improve
clinically and histologically after DSS withdrawal. These
differences between studies may reflect the influence of
the microbiome and/or the animals’ age, as previously
[27,28]
reported in experimental DSS colitis
. In addition,
it has been reported that UC patients in clinical and
endoscopic based remission presenting with active
histological inflammation possess a higher risk for clinical
[29,30]
relapse
. In this way, our study may provide an
understanding of the pathological and clinical response of
severe human UC, with higher chances of relapsing and
chronic disease. Since histological improvement could
be seen as a new therapeutic approach and predictor of
[31,32]
clinical relapse
, the DSS clinical and molecular time
course may be useful for evaluating novel therapeutic
approaches with the goal of clinical pathological complete
remission.
Morphological examination of the colon following
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7 d of 3% DSS ingestion revealed that there is colonic
shortening starting by day 3 and progressively decreases
in size to day 8. In comparison, the weight of the colon
does not change during DSS ingestion but splenic weight
increases on day 6 and day 8, in agreement to previous
studies in which splenic hypertrophy was observed in DSS
[33-36]
colitis
. The increase in splenic size may represent
congestion associated with an apparent proliferation of
immune cells by HE staining. 3% DSS induces temporal
changes in CCTF during the 8 d that can be segregated
into four patterns: (pattern A) Progressive decreased
expression of CCTF starting around day 4 (i.e., IL-2, IL-10
and IL-15); (pattern B) progressive increased expression
of CCTF starting around day 4 (i.e., IL-6, Eotaxin, G-CSF,
KC, LIF, MCP-1, MIP-2 and TNFα); (pattern C) increased
expression of CCTF after stopping 3% DSS (i.e., day 8)
of IL-1α, IL1β, IL-5, IL-17, IFN-γ, LIX, MIG, MIP-1a MIP1b, and RANTES; and (pattern D) little or no change in
CCTF from controls (i.e., IL-4, IL-7, IL-9, IL-12(p40), IL12(p70), M-CSF and VEGF). The four patterns contain
a mixture of pro-inflammatory and anti-inflammatory
CCTF as well as chemoattractants associated with the
influx of immune cell populations (i.e., neutrophils,
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progressive increase in IL-6, Eotaxin, G-CSF, KC, LIF,
MCP-1, MIP-2 and TNFα was observed. IL-6 and TNFα
interfere with epithelial tight junctions, increasing intestinal
barrier permeability allowing for water loss and the paracellular influx of molecules including the intrusion of
[44,45]
pathogens that perpetuates the inflammatory process
.
Elevation in IL-6 levels has an anti-apoptotic effect on
lymphocytes, in addition to the increase of adhesion
[46,47]
molecules that facilitate their migration to the gut
.
Eotaxin, G-CSF, KC, LIF, MCP-1 and MIP-2 are chemokines
associated with the influx of eosinophils, neutrophils and
[48-50]
macrophages in the colon in active IBD
. Eotaxin is
observed in DSS induced eosinophilic inflammation and
+
+
+
high
promotes the recruitment of F4/80 CD11b CCR2 Ly6C
inflammatory monocytes to the colon that correlates
[50]
with eosinophilic inflammation . MIP-2 has also been
associated with increased inflammatory response in DSS
induced colitis with increased myeloperoxidase activity and
neutrophils infiltration in the colon and small intestine in a
[51]
transgenic mouse model .
Increased expression of G-CSF, KC, LIF, and MCP-1
in DSS models has been associated with anti-apopto
tic, anti-inflammatory phenotype with improvement
in clinical scores, regulation of the immune response
and morphological changes in the colon. G-CSF has
been reported to reduce apoptosis of epithelial cells and
along with other cytokines, helps in bacterial clearance
through neutrophil recruitment to maintain the mucosal
[52-54]
barrier integrity in IBD
. Treatment with recombinant
G-CSF ameliorated DSS colitis by attenuating weight
loss, stool score and shortening of the colon. In addition,
inflammation, epithelial damage and cell apoptosis
[54]
were attenuated in the rectum . DSS acute colitis in
KC deficient mice results in the increase of weight loss,
bloody stools, inflammation and a moribund appearance,
presenting higher histological scores but lower neutrophil
[55]
infiltration compared to wild type (WT) animals . LIF
[56]
was found to be elevated in IBD patients and has been
shown to act in tissue damage by recruiting inflammatory
[57,58]
cells to the injury site
. However, studies have shown
that LIF also has an anti-inflammatory effect, stimulating
[58,59]
repair and up-regulating Treg cells
. In our study, LIF
expression increased on day 6 and could be responsible for
modulating inflammation in the colon. In UC patients, the
[20,60-66]
level of MCP-1 is directly related to disease activity
.
It has been reported that intraperitoneal administration
of MCP-1 significantly inhibited acute DSS colitis with
lower clinical scores, increased survival, reduced weight
loss, decreased production of IL-12 and IFN-γ associated
[67]
with less inflammation . MCP-1 may contribute to
inflammation and colon shortening in our study, as well
as inducing the elevation of pro-inflammatory CCTF
by the end of 8 d. Although several CCTF included in
Pattern B could be associated with improvements in
clinical and pathological outcomes, in the current study,
a predominant inflammatory microenvironment with
disruption of the epithelium and infiltration of N and E into
the lamina propria was observed in the colon.
Following cessation of DSS on day 7 (i.e., Pattern
C), we detected significant increased expression of IL-
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Figure 4 Colonic proteomic analysis from 3% dextran sulfate sodium
time course. After induction of ulcerative colitis with 3% DSS, colon samples
were collected at different time points from day 0 to 8. Proteomics was
analyzed through multiplex ELISA assay and revealed four patterns: (pattern
A) Progressive decreased expression of IL-2, IL-10 and IL-15 around day 4;
(pattern B) Progressive increased expression IL-6, Eotaxin, G-CSF, KC, LIF,
MCP-1, MIP-2 and TNFα around day 4; (pattern C) Increased expression of
CCTF after stopping 3% DSS (i.e., day 8) of IL-1α, IL1β, IL-5, IL-17, IFN-γ, LIX,
MIG, MIP-1α MIP-1β, and RANTES; and (pattern D) Little or no change in IL-4,
IL-7, IL-9, IL-12(p40), IL-12(p70), M-CSF and VEGF. One-way ANOVA followed
by Dunnett post-hoc test. aP < 0.05 fold increases compared to control (day 0).
b
P < 0.05 fold decreases compared to control (day 0). n = 5-6/each time point.
DSS: Dextran sulfate sodium; G-CSF: Granulocyte-colony stimulating factor;
KC: Keratinocyte chemoattractant; LIF: Leukemia inhibitory factor; MCP-1:
Monocyte chemoattractant protein 1; TNF α: Tumor necrosis factor alpha;
IFN-γ: Interferon γ; LIX: Lipopolysaccharide-induced CXC chemokine; MIP1α: Macrophage inflammatory protein 1α; RANTES : Regulated on activation,
normal T cell expressed and secreted.

eosinophils and macrophages) into the inflamed colon
associated with loss of the normal epithelial barrier. For
patterns A and B, changes in CCTF expression coincided
with clinical worsening of colitis.
The decreased expression of IL-2, IL-10, and IL-15
starting on day 4 corresponds to the inflammatory
response and progressive colonic damage. Decreased
expression of IL-2 was previously seen in mononuclear
[37,38]
cells derived from UC patient’s gut mucosa
, as well
as the disruption of the IL-2 gene in an animal model that
exacerbated activation of lymphocytes, resembling auto[39,40]
immunity
. In addition, the decreased expression of
IL-10 would result in increased mucosal barrier disruption
and increased TNFα and reactive oxygen species in the
[41]
DSS model . In the current study, there was a decrease
in IL-15 starting at day 4, which should have attenuated
colitis, based on results from DSS administration in the
[42]
knockout mouse model . It has been reported that the
absence of IL-15 provokes a decrease in Foxp3 (Treg)
+
and an increase in RORγt (Th17) by CD4 T cells in the
[43]
colon . Such effect was not observed in our study,
possibly due to a significant increase in IL-17 that may
have contributed with other CCTFs to disease worsening.
Starting around day 4 of 3% DSS exposure, a
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Figure 5 Immune cell profile in the colon, spleen and mesenteric lymph nodes of 3% dextran sulfate sodium animals. Tissue samples were collected at
different time points and IHC or flow cytometry were performed for temporal analysis of immune cells’ profile. Results showed progressive increased presence of
colonic (A) F4/80+ macrophages, (B) CD8+ Tcyt cells, (C) CD4+ Th cells and (E) CD25+ Treg cells and no change in (D) B220+ B cells. There was no difference in
splenic (F) F4/80+ macrophages and (I) B220+ B cells, however, there was a decrease in (G) CD8+ Tcyt cells, (H) CD4+ Th cells and (J) CD25+ Treg cells starting at
day 4. MLN analysis resulted in decreased levels of (L) CD8+ Tcyt cells and (O) CD25+ Treg cells, along with a slight increase of (K) F4/80+ macrophages at day 4, (N)
B220+ B cells at day 8 and no changes in (M) CD4+ Th cells. One-way ANOVA followed by Dunnett post-hoc test. aP < 0.05 compared to control (day 0). n = 4/each
time point analyzed through IHC (All colon samples and MLN F4/80+ and CD25+). n = 6/each time point analyzed through flow cytometry (All spleen samples and MLN
CD8+, CD4+ and B220+). MLN: Mesenteric lymph nodes; DSS: Dextran sulfate sodium.
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cells and F4/80 macrophages were found in the colon
that may be responsible for the increased levels of IFN-γ
and the observed inflammatory response. LIX was
found to be elevated in UC patients and contributes to
the inflammatory response in DSS colitis. Of note, pretreatment of mice with antisense oligonucleotides to LIX
in the DSS colitis model reduces neutrophils’ infiltration
[85]
and the severity of the disease . MIG can act as a
chemoattractant for activated Tcyt cells, E and natural
killer (NK) cells, along with having an angiostatic effect
on endothelial cells by inhibiting cell division in colitis
[86,87]
models
. MIP1-α and MIP1-β are chemoattractants
for T cells into the lamina propria that can lead to
[88,89]
mucosal damage and worsening of colitis
. Finally,
RANTES has been shown to be elevated in chronic
[90]
experimental colitis and in the colonic mucosa of IBD
patients, supporting both innate and adaptive immune
[61,90-93]
responses
. Taken together, Pattern C appears to
be associated with a rebound increased expression of
inflammatory CCTF that contributed to colon pathology
and higher histological scores.
Pattern D includes IL-4, IL-7, IL-9, IL-12(p40), IL12(p70), M-CSF and VEGF that do not significantly
change or were elevated at a random single time point
over 8 d. IL-9 was elevated at day 3 coinciding when
colon shortening was first detected. T cells expressing
IL-9 are found in the intestinal mucosa in experimental
colitis and UC patients. IL-9 is responsible for disruption
of the intestinal barrier and the impairment of mucosal
tissue repair through suppression of epithelial cell
[94-96]
proliferation
, which relates to the mucosal injury
during the disease course. M-CSF, which mainly induces
[97-99]
M2 macrophage phenotype
, that was significantly (P
< 0.05) decreased at day 6, when the pro-inflammatory
CCTFs in Pattern B were increasing, associated with a
possible predominance of M1 macrophages. M-CSF has
also been proposed as an alternative therapy in treating
[100,101]
UC and DSS colitis
. VEGF was found downregulated
at day 4 and is usually found elevated in DSS model,
however, it is also associated with lymphangiogenesis,
which would aid in the clearance of interstitial fluid and
[102-104]
immune cells from the colon
. With low VEGF
levels, there could be impaired drainage function and
[103,105]
lymphatic obstruction
, leading to the accumulation
of immune cells in the gut and disease worsening. In
summary, the CCTF profiles observed following DSS are
consistent of a pro-inflammatory microenvironment. The
changes in CCTF over time serve as chemoattractants
for neutrophils, eosinophils and macrophages as well
as disrupting the integrity of the epithelial barrier and
production of mucin. The inflammatory response in
the colon leads to a clinical course that includes a
malabsorption like syndrome accompanied by weight
loss, bloody stools and diarrhea.
Analysis of immune cell populations revealed a pro
gressive accumulation of macrophages and T cells (Th,
Tcyt and Treg cells) in the colon compared to controls. It
[16]
+
has been previously shown
that colonic CD3 T cells
+
and F4/80 macrophages were upregulated in later time

Colon

0 2 4 6 8 0 2 4 6 8 0 2 4 6 8

1
0

≥ 4.1 Fold change

Figure 6 Immune cell population in the spleen, mesenteric lymph nodes
and colon of 3% dextran sulfate sodium animals. Tissue samples were
collected from 3% DSS animals at different time points and analyzed through
either immunohistochemistry or flow cytometry. The heatmap shows a possible
movement of different immune cell types from the spleen and MLN into the
gut progressively during the 8 d of disease. aP < 0.05 increased fold changes
compared to control (day 0). bP < 0.05 decreased fold changes compared to
control (day 0). MLN: Mesenteric lymph nodes; DSS: Dextran sulfate sodium.

1α, IL1β, IL-5, IL-17, IFN-γ, LIX, MIG, MIP-1a MIP-1b,
and RANTES in the colon on Day 8. It is unclear how
Pattern C relates to the removal of the DSS and the
apparent rebound of primarily pro-inflammatory CCTF
in the microenvironment. IL-1α and IL-1β can be potent
chemoattractants for neutrophils and macrophages into
the microenvironment by the induction and propagation
[68]
of the inflammatory response . IL-1α and IL-1β can
induce increases in pro-inflammatory chemokines as
well as cell adhesion molecules, activate macrophages,
dendritic cells and neutrophils, and support Th17
[69,70]
cells’ differentiation
. IL-5 is characteristic of a Th2
immune response in UC that stimulates eosinophil
growth, development, survival and activation, mobilizing
them from the bone marrow to the peripheral blood.
IL-5 along with Eotaxin serve as chemoattractants of E
[71-75]
to the gut
. IL17 may also play a dual role in DSS
colitis models as it has been reported to stimulate the
production of matrix metalloproteinase, increase the
expression of other pro-inflammatory factors (e.g.,
IL-6, IL-1β, TNFα, KC, MCP-1, MIP-2, GM-CSF), and
to be involved in the proliferation, maturation and
[76-80]
chemotaxis of N
. In IL-17A deficient mice, the
DSS colitis model is associated with improved survival
and histological scores with less epithelial damage and
immune cell infiltration in the intestine, when compared
[13]
to WT mice . However, studies have shown IL-17 to
stabilize the epithelial barrier and to aggravate colitis
[76,81,82]
when absent in the animal
. In the current study,
it is unclear if IL-17 contributes to the inflammatory
responses in the colon or improvement in the clinical
score at the end of 8 d.
IFN-γ expression was significantly increased at day
+
8 and is highly expressed by CD8 T cells from IBD
[83]
patients, when in contact with colonic epithelial cells .
IFN-γ stimulates the disruption of the intestinal epithelial
barrier and supports the exacerbated immune response
[44,84]
in IBD
. It is also essential for DSS colitis model,
-/since IFN-γ knockout mice do not develop colitis when
[84]
challenged with DSS . In this study, high levels of Tcyt
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colon and the rectum, being characterized by uncontrolled immune response
and inflammation. There is no specific cause for this disease and no current
treatment that provides sustained remission. The animal model of colitis induced
by dextran sulfate sodium (DSS) is largely used as a tool to better investigate
human UC. Although not completely understood, DSS induces an uncontrolled
immune response through disruption of the epithelial layer, providing a higher
access of antigens to the colonic mucosa, this way perpetuating inflammation
and tissue destruction.

points when evaluating acute and chronic DSS colitis, as
compared to the current study. In addition, splenic and
+
MLN F4/80 population were highly elevated whereas we
did observe little or no change compared to control mice.
Another study has reported that intestinal inflammation
in UC presents as the initial fast response with increased
number of macrophages originating from tissue-resident
or infiltrating systemic macrophages in the intestinal
[106]
mucosa . The early arrival of macrophages in the gut
at day 2 contributes to the initiation of inflammation
coinciding with increase in pro-inflammatory CCTF and
translating into clinical symptoms.
In the current study, T-cell phenotypes in the colon
begin to increase 4 d after initiation of 3% DSS, which
contributes to the perpetuation of inflammation and
the high levels of CCTF seen at day 8. Decreased
levels of Th and Tcyt cells were observed in the spleen,
and to lesser extent in the MLN, starting at day 6
when compared to controls. Moreover, there were no
+
significant differences in percentage of B220 cells in the
colon or lymphoid organs compared to control levels,
other than an increase in the MLN at day 8, suggesting
the transition to a chronic state. Although T and B cells
[6]
are not required for the development of DSS colitis , in
this study T cells appear to contribute to the activation of
the inflammatory response in the colon. In addition, Treg
cells seem to be leaving the secondary lymphoid organs
migrating towards the colon in an attempt to contain the
exacerbated immune response.

Research motivation

There is no current study providing a detailed integrative temporal analysis of
DSS-induced acute colitis regarding clinical symptoms, proteomics, immune
cell profile and histology. Understanding the interaction of these factors may
contribute to the research of novel UC therapies.

Research objectives

The aim of this study was to compare different concentrations of DSS in the
induction of acute colitis, followed by a temporal analysis of clinical symptoms,
colon proteomics, immune cell profile and histology of the most characteristic
presentation of colitis amongst the different DSS concentrations. The changes
seen throughout the 8 d may provide a clearer understanding of the DSS model
mechanisms.

Research methods

1%, 2% and 3% DSS in drinking water was used for the induction of acute
colitis. Clinical symptoms were daily scored for weight loss, stool consistency
and blood in the stool. After 8 d, colon, spleen and mesenteric lymph nodes
(MLN) were collected. Histological scores were evaluated through HE staining
and grading of colonic samples for inflammation, extent, regeneration, crypt
damage and percent of involvement. Colon proteomics was analyzed through
multiplex ELISA for 3% DSS at different time points, in addition to immune cell
profiling of the colon, spleen and MLN through immunohistochemistry and flow
cytometry for B220+, CD4+, CD8+, CD25+ and F4/80+ cells.

Research results

Conclusion

Severity of colitis is related to the increase in DSS concentration. When
analyzing 3% DSS-induced colitis, worsening of histological inflammation
agrees with an increase of immune cells’ influx to the colon and changes in the
pro- and anti-inflammatory cytokines colonic profile. Macrophages are the first
ones to respond to the damage caused by DSS, followed by changes in the
colonic cytokine profile and influx of CD25+ T cells. Next, there is an increase
in colonic CD4+ and CD8+ T cells and the highest level of pro-inflammatory
cytokines is seen at day 8. Levels of T cells are progressively decreased in the
spleen and MLN, while worsening of clinical symptoms corresponds with the
progressive increase in histological inflammation, with exception of day 8.

There have been few reports describing the temporal
distribution of immune cells along with proteomic
[16,17]
changes in the colon in DSS colitis model
. In this
study we observed that severity of colitis is dependent
on DSS concentration, while presenting discrepancies
amongst clinical and pathological results. When mice
were administered 3% DSS, we observed increased
clinical and histological scores that were accompanied
by changes in CCTF and immune cell infiltration in the
colon, with important participation of the secondary
lymphoid organs. One limitation of this study is that DSS
colitis was induced in C57Bl/6 mice from a single vendor
and it is unclear if the same mouse strain containing a
different microbiota may have influenced the temporal
clinical, proteomic and pathological changes we observed
in the current study. Further investigations are needed to
determine the role of the gut flora in the development of
colitis and the response to novel therapeutic interventions
that could translate to clinical trials. Furthermore,
acknowledging the time frame where these factors play
a role in developing novel therapies for treating ulcerative
colitis.

Research conclusions

Our study demonstrates the correlated temporal changes of clinical, proteomic,
immunological and histological characteristics of DSS-induced acute colitis.
There is an important initial response by the innate immune system, mainly
coordinated by macrophages, followed by increasing inflammation, further
tissue damage and influx of T cells. T cells may be leaving the secondary
lymphoid organs progressively towards the gut, as a response to the changes in
colonic cytokine levels. There is a mixed response of pro- and anti-inflammatory
cytokines in the colon, with the highest increase occurring after DSS withdrawal.
Interestingly, amelioration of clinical symptoms is seen on day 8, demonstrating
a mismatch to the histological/immunological/proteomic worsening of the
disease. Since histological inflammation is seen in UC patients with endoscopic
and clinical remission, this model could be used as a tool for the development
of novel therapies targeting complete remission and prevention of disease
relapse.

Research perspectives

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Our study demonstrates that no individual factor develops this disease model,
but rather a coordination between anti- and pro-inflammatory cytokines.
Therefore, researchers should seriously consider a temporal analysis before
investigating new therapies. The disease course here described would be

Research background

Ulcerative colitis (UC) is an inflammatory bowel disease that affects the
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highly recommended for the study of novel treatments aiming resolution of
histological inflammation during disease remission. Further temporal analysis of
DSS-induced chronic colitis would add to a better understanding of this animal
model.
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Abstract

Core tip: A constriction of sinusoids plays an important
role in the pathogenesis of cirrhotic portal hypertension,
wherein the nitric oxide-cyclic guanosine monophosphate
(NO-cGMP) pathway plays a pivotal role. In a rat model of
liver cirrhosis phosphodiesterase-5 (PDE-5) was markedly
overexpressed both on the mRNA and the protein level.
PDE-5 converts the vasodilating cGMP to inactive 5’-GMP.
In healthy liver a zonation of PDE-5 was found which
is abrogated in cirrhosis. Serum cGMP was reduced in
cirrhosis. Inhibition of PDE-5 by Sildenafil normalized
serum cGMP levels and lowered portal venous pressure.
Hence, the inhibition of PDE-5 may be a promising adjunct
in portal hypertension therapy.

AIM
To investigate the potential effect of inhibitors of
phosphodiesterase-5 (PDE-5) for therapy of portal
hypertension in liver cirrhosis.
METHODS
In the rat model of thioacetamide-induced liver
fibrosis/cirrhosis the nitric oxide-cyclic guanosine
monophosphate (NO-cGMP) pathway was investigated.
Expression and localization of PDE-5, the enzyme that
converts vasodilating cGMP into inactive 5’-GMP, was in
the focus of the study. Hepatic gene expression of key
components of the NO-cGMP pathway was determined
by qRT-PCR: Endothelial NO synthase (eNOS), inducible
NO synthase (iNOS), soluble guanylate cyclase subunits
α1 and β1 (sGCa1, sGCb1), and PDE-5. Hepatic PDE-5
protein expression and localization were detected by
immunohistochemistry. Serum cGMP concentrations
were measured using ELISA. Acute effects of the PDE-5
inhibitor Sildenafil (0.1 mg/kg or 1.0 mg/kg) on portal
and systemic hemodynamics were investigated using
pressure transducers.
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RESULTS
Hepatic gene expression of eNOS (2.2-fold; P =
0.003), sGCa1 (1.7-fold; P = 0.003), sGCb1 (3.0-fold;
P = 0.003), and PDE-5 (11-fold; P = 0.003) was
increased in cirrhotic livers compared to healthy livers.
Overexpression of PDE-5 (7.7-fold; P = 0.006) was
less pronounced in fibrotic livers. iNOS expression was
only detected in fibrotic and cirrhotic livers. In healthy
liver, PDE-5 protein was localized primarily in zone 3
hepatocytes and to a lesser extent in perisinusoidal
cells. This zonation was disturbed in cirrhosis: PDE-5
protein expression in perisinusoidal cells was induced
approximately 8-fold. In addition, PDE-5-expressing
cells were also found in fibrous septa. Serum cGMP
concentrations were reduced in rats with cirrhotic
livers by approximately 40%. Inhibition of PDE-5 by
Sildenafil caused a significant increase in serum cGMP
concentrations [+ 64% in healthy rats (P = 0.024), +
85% in cirrhotic rats (P = 0.018)]. Concomitantly, the
portal venous pressure was reduced by 19% in rats with
liver cirrhosis.

INTRODUCTION
Portal hypertension is among the most important compli
[1]
cations of liver cirrhosis . Several factors contribute
[2,3]
to its pathogenesis . Disturbed liver architecture
resulting from fibrosis, scarring and nodule formation,
angiogenesis, and vascular occlusion increase intrahepatic
flow resistance. Furthermore, morphological, molecular,
and functional changes within the hepatic sinusoids also
substantially contribute to the increased intrahepatic
flow resistance and consequently to pathogenesis of
[3,4]
portal hypertension . Generally, intrahepatic flow
resistance is controlled by sinusoidal tone with liver
sinusoidal endothelial cells (LSECs) and hepatic stellate
cells (HSCs) being the two central cellular elements
[4]
within the sinusoids which are involved . During cirrhosis
development fenestrations of LSECs are lost, which is
associated with an abnormal deposition of a basement
membrane matrix, the so-called capillarization. Moreover,
quiescent HSCs are activated and transformed into
myofibroblasts, which are characterized by contractile
elements, production of extracellular matrix, and loss of
stored vitamin A.
The sinusoidal tone is regulated by the nitric oxide-

CONCLUSION
Overexpression and abrogated zonation of PDE-5
likely contribute to the pathogenesis of cirrhotic portal
hypertension. PDE-5 inhibition may therefore be a
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[5]

cyclic guanosine monophosphate (NO-cGMP) system .
NO is synthesized in LSECs by endothelial NO synthase
(eNOS), diffuses to HCSs where it activates soluble
guanylate cyclase (sGC) which in turn catalyzes the
formation of cGMP. The latter mediates a signal trans
duction cascade leading to relaxation of HSCs. The
action of cGMP is terminated by phosphodiesterase-5
(PDE-5) which catalyzes its conversion to inactive
5’-GMP.
In cirrhotic liver, NO formation in liver sinusoids is
reduced, which results in sinusoidal constriction and
[6]
increased intrahepatic flow resistance . Activated
HSCs exhibit increased contractility and impaired
responsiveness to the vasodilator NO, while responsi
veness to the vasoconstrictor endothelin (ET-1) is
increased, both resulting in increased intrahepatic flow
[7]
resistance . In contrast, NO formation in the splanchnic
system is increased which increases blood flow towards
the liver, a process which further aggravates the increase
[6,8]
of intrahepatic flow resistance .
The current mainstay of medical therapy of portal
[9,10]
.
hypertension is non-selective beta-blockers (NSBB)
β1 receptor blockade reduces portal flow by decreasing
cardiac output while β2 blockade allows unopposed α1adrenergic activity resulting in splanchnic vasoconstriction
and decreased portal inflow. However, their therapeutic
efficacy is limited by frequent side effects such as
circulatory dysregulation, which prevent sufficient
dosing in many cases, particularly in decompensated
[11-13]
cirrhosis
. Therapy of portal hypertension by trans
jugular portosystemic shunts is effective, but may
cause exacerbations of hepatic encephalopathy, at
[9]
least in patients with advanced cirrhosis . Organic
nitrates deliver NO and reduce portal venous pressure.
However, their action is unspecific and leads to arterial
hypotension. Therefore, there is a need of novel medical
therapies to treat portal hypertension.
Many approaches have been proposed to specifically
target the reduced NO availability in diseased liver.
[14,15]
Endothelial NOS gene transfer
, neuronal NOS gene
[16]
transfer , Akt (a kinase involved in NOS activation)
[17]
gene transfer and administration of tetrahydrobiopterin
[18]
(BH4, a cofactor of NOS) , have not gone beyond
preclinical testing. Liver specific NO delivering drugs (e.g.,
[19,20]
. Statins
NCX-1000) yielded disappointing results
lead to enhanced activity of endothelial NO synthase,
mediated by an effect on the Rho/Rho-kinase-/Akt
[21]
protein phosphorylation pathway . Although statins
[22]
reduced portal hypertension in a clinical setting , the
[23]
effects on clinical outcome were modest . Preclinical
and clinical studies on inhibitors of PDE-5, restricting
the inactivation of cGMP, yielded promising but variable
[24-30]
results
.
The aim of the current study was to determine
liver disease-induced alterations in hepatic gene
expression of eNOS, iNOS, sGC, and PDE-5, in hepatic
protein expression of PDE-5, as well as in serum cGMP
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concentrations. Moreover, acute effects of the PDE-5
inhibitor Sildenafil on portal and systemic hemodynamics
were tested. The model of thioacetamide-induced liver
fibrosis/cirrhosis in rats was used.

MATERIALS AND METHODS
Laboratory animals

The animal research protocol was approved by the
local institutional animal care and use committee
(Regierungspräsidium Freiburg, Germany, ref. No.
G-13/89). Animal care was performed in accordance
to the rules of the German animal protection law and
the animal care guidelines of the European community
(2010/63/EU). A total of 141 male rats (Charles River,
Sulzfeld, Germany) were studied. All were clearly
recognizable from their permanent and unique identifiers.
Rats were housed in individually ventilated cages in a
laboratory animal facility and received daily human care.
All had free access to food and water and were exposed
to a 12:12-h light-dark cycle at an ambient temperature
of 22 ℃ to 25 ℃. Before starting any experiments,
the rats were allowed to acclimatize to the ambient
conditions for one week.
For the biochemical investigations Wistar rats
were used only. Hemodynamic measurements in
healthy livers were performed in Sprague Dawley rats.
Corresponding experiments in rats with with fibrotic or
cirrhotic livers were performed in Wistar rats since the
presence of cholangiocellular carcinomas in association
with thioacetamide in Wistar rats is much lower than in
Sprague Dawley rats.

Induction of liver disease with TAA

Among the current models of induction of liver disease in
[31]
laboratory animals the model of thioacetamide (TAA)induced liver fibrosis/cirrhosis was chosen. Therefore, the
[32]
protocol described previously by Li et al was used but
TAA exposure time was prolonged to 16 wk.

Histological assessment of liver damage

The median lobe of each rat’s liver was excised, fixed
in 10% neutral buffered formalin and embedded in
paraffin. Sections were stained with hematoxylineosin, sirius red, and periodic acid-schiff diastase, and
stained for reticulin and iron. Fibrosis was evaluated
semiquantitatively by a blinded pathologist according to
[33]
the Desmet score .

Immunohistochemistry for PDE-5

In order to detect PDE-5 protein expression and
localization immunohistochemical staining of liver
sections was performed with a rabbit polyclonal antiPDE-5A-antibody (ab64179, Abcam, Cambridge,
United Kingdom) at a 1:500 dilution. Antibody binding
was detected by Dako REAL EnVision Detection
System Peroxidase/DAB+, Rabbit/Mouse (K5007).
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Table 1 Nucleotide sequences of forward and reverse primers
Gene
eNOS
iNOS
PDE-5
sGCa1
sGCb1
18sRNA (reference)
srsf4 (reference)

Forward primer (5´-3´)

Reverse primer (5´-3´)

Product length (bp)

5´-AAGTGGGCAGCATCACCTAC-3´
5´-CTCACTGGGACTGCACAGAA-3´
5´-GCGGAGGAAGAAACAAGGGA-3´
5´-GCCCCACGACATACAGGTTA-3´
5´-AATTACGGTCCCGAGGTGTG-3´
5´-GTAACCCGTTGAACCCCATT-3´
5´-GGTTCTGGACGCAGTGGATA-3´

5´-GCCTGGGAACCACTCCTTTT-3´
5´-TGTTGAAGGGTGTCGTGAAA-3´
5´-ATCGGCAAAGAACCTCGTGT-3´
5´-GCGGCTCACTAATCTACCCC-3´
5´-ACCAGCATTGAGGTTGAGGAC-3´
5´-CCATCCAATCGGTAGTAGCG-3´
5´-CTCCTTCGTTTTTGCGTCCC-3´

211
128
196
229
147
151
193

Quantification of PDE-5 protein along the sinusoids was
performed in sections of respectively 4 healthy and
cirrhotic livers.
Using Zeiss Axioplan microscope the number of
stained perisinusoidal cells was counted in 20 random
high power-fields (HPF) (400 × magnification) for
each sample. PDE-5 staining around the central vein in
healthy livers and in fibrous septa in cirrhotic livers was
not considered.

performed and a tracheal cannula was inserted. Rats
were mechanically ventilated (50 breaths/min) and
muscle relaxation was induced by intraperitoneal
injection of 0.5 mL pancuronium (0.4 mg/mL).
To monitor the central venous pressure (CVP) the
right external jugular vein was cannulated with PE-10,
which was positioned near the right atrium. A second
PE-10 tubing was inserted and used for continuous
infusion of isotone electrolyte solution (1 mL/h). The
electrolyte solution was enriched with pentobarbital (15
mg/mL) to ensure continuous anesthesia. To monitor
mean arterial pressure (MAP) the left carotid artery was
cannulated with PE-50 tubing.
Median laparotomy was performed and the portal
vein was exposed. To monitor portal venous pressure
(PVP) a peripheral venous catheter was inserted into
the portal vein. After a stabilization period of 10-15 min,
basal values of all parameters were obtained and the
intervention was administered through the second CVPtubing. Rats were randomly allocated in one of three
®
intervention groups: NaCl (0.9%), Sildenafil (Revatio ,
Pfizer, Berlin, Germany) 0.1 mg/kg (Sil 0.1 mg/kg), and
Sildenafil 1.0 mg/kg (Sil 1.0 mg/kg). The intervention
was applied in a standardized volume of 0.6 mL.

Quantitative real-time PCR

The left lateral lobe of each rat’s liver was excised, cut
into pieces, snap frozen in liquid nitrogen, and stored at
-80 ℃ until used for qRT-PCR. Hepatic total mRNA was
®
extracted using the RNeasy Mini Kit mRNA extraction
kit (Qiagen, Hilden, Germany). Complementary
DNA synthesis was performed using the First Strand
cDNA synthesis kit (Thermo Fisher Scientific, MA,
United States). qRT-PCR was performed with SYBR
Green (Invitrogen, Karlsruhe, Germany) and 10%
dimethylsulfoxide (Sigma-Aldrich, Schnelldorf, Germany)
®
on a thermocycler (LightCyler 480, Roche, Basel,
Switzerland; 40 cycles: 30 s 95 ℃; 30 s 60 ℃; 40 s
72 ℃). Specificity of the PCR products was assessed
by melting curve analysis. All primers (Table 1) were
designed using Primer-BLAST (http://www.ncbi.nlm.nih.
gov/tools/primer-blast) and synthesized by Microsynth,
Balgach, Switzerland.

Statistical analysis

Results were expressed as median ± interquartile
range (IQR). Only results of the qRT-PCR experiments
were expressed as mean ± standard deviation (SD) to
enable the quantification of gene expression with the
[34]
comparative Ct method .
To evaluate the effect of Sildenafil on hemodynamic
parameters, absolute values were normalized (PVPnorm,
MAPnorm, HRnorm). Hereby time point “10 min” was
taken as baseline value and set to 100% since the
administration of 0.6 mL liquid volume into the right
atrium caused parameter variations for the next few
minutes before they reached a new steady state. For all
9 groups the relative median of differences (RMD) was
calculated to determine the change in parameters at
time point “60 min” to baseline (“10 min”).
To determine differences among groups the nonparametric Kruskal-Wallis test was used. Post-hoc
[35]
pairwise comparisons between groups were corrected
for multiple comparisons according to Bonferroni. For
reasons of consistency the non-parametric KruskalWallis test and post-hoc pairwise comparisons with

Measurement of cyclic guanosine monophosphate

At the end of the invasive hemodynamic measurements
blood samples were taken via the left carotid artery
and stored at -80 ℃ until used for the quantification
of serum cGMP concentrations by ELISA (ab133052,
Abcam, Cambridge, United Kingdom).

Monitoring of systemic and portal hemodynamics

Before the invasive hemodynamic measurements
were started rats were fasted for 1.5 h to avoid
prandial effects on portal flow parameters. Anesthesia
was initiated in an animal induction chamber using
a mixture of 3% isoflurane and 97% oxygen. It was
maintained by an intraperitoneally injected bolus of
0.3-0.4 mL pentobarbital (125 mg/mL). Rats were
fixed on a homeothermic controlled operating table
which kept body temperature stable at 37 ℃ ± 0.5 ℃.
Vital parameters were monitored. Tracheotomy was
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Table 2 Mean ± standard deviation of enzyme gene expression

eNOS (fold exp.)
iNOS (fold exp.)
PDE5 (fold exp.)
sGCa1 (fold exp.)
sGCb1 (fold exp.)

CON (n = 11)
Mean ± SD

FIB (n = 6)
Mean ± SD

CIR (n = 8)
Mean ± SD

1.0 ± 0.4
n.d.1
1.0 ± 1.0
1.0 ± 0.3
1.0 ± 0.5

1.5 ± 0.3'
4.6 ± 3.0
7.7 ± 0.9
1.4 ± 0.3
2.1 ± 0.3

2.2 ± 1.0
5.3 ± 2.3
11.0 ± 3.1
1.7 ± 0.4
3.0 ± 1.3

Fold expression is referring to CON. qRT-PCRs were performed in duplicates, thus values are based on mean values of duplicates. 1Since iNOS expression
in CON was below detection limit, it was arbitrarily set to “1.0”. iNOS: Inducible NO synthase.

Bonferroni correction were also used for the qRTPCR experiments. A two-tailed P-value of < 0.05 was
considered as statistically significant.
®
For statistical analyses SPSS software 23.0 (IBM
Corp., Armonk, NY, United States) was used.

compared with healthy livers.
No significant differences between fibrotic and
cirrhotic livers were detected (P ≥ 0.05).
Serum cGMP concentrations showed a nonsignificant
decrease of 34% (P = 0.453) in rats with fibrotic livers
and of 40% (P = 0.054) in rats with cirrhotic livers
(Figure 1 and Table 4). Again, no differences between
fibrotic and cirrhotic livers were observed (P = 1.000).
Administration of Sildenafil led to a significant increase
in serum cGMP concentrations of 64% (P = 0.024) in
rats with healthy livers and of 85% (P = 0.018) in rats
with cirrhotic livers.
In addition, the effect of the hemodynamic mea
surements and particularly the associated operative
procedure on hepatic gene expression and serum cGMP
concentration was analyzed. Only for eNOS a significant
decrease was determined (data not shown).

RESULTS
Increased hepatic gene expression of key enzymes of
the NO-cGMP pathway and decreased serum cGMP
concentrations in liver fibrosis/cirrhosis. Inhibition of
PDE-5 by Sildenafil leads to renormalization of cGMP
concentrations

In order to determine alterations in the key para
meters of the NO-cGMP pathway and serum cGMP
concentrations induced by liver fibrosis/cirrhosis
different biochemical analyses were conducted. Fiftythree rats were included in these studies. However, the
data sets of the 6 rats having no fibrosis after 16 wk of
TAA exposure were excluded. For the statistical analysis
of hepatic gene expression of eNOS, iNOS, PDE5,
sGCa1 and sGCb1, and serum cGMP concentrations, the
remaining 47 rats were classified depending on their
histologically assessed degree of liver fibrosis: CON
(healthy control, n = 11), FIB (fibrosis, n = 6), and CIR
(cirrhosis, n = 8).
Moreover, to evaluate the effect of Sildenafil on
serum cGMP concentrations two additional groups
were analyzed: rats with healthy livers (CON + Sil, n
= 12) and cirrhotic livers (CIR + Sil, n = 10) which
have undergone the hemodynamic measurement with
Sildenafil (1.0 mg/kg) as intervention.
qRT-PCR results showed that gene expression
became the higher the more the rats became diseased
(CON < FIB < CIR) (Figure 1 and Table 2). iNOS
expression was detected in diseased rats only. In fibrotic
livers gene expression analysis revealed significantly
increased expression of PDE-5 (7.7-fold; P = 0.006),
and sGCb1 (2.1-fold; P = 0.018) compared with healthy
livers, whereas eNOS expression was significantly
increased in non-adjusted pairwise comparisons only
(Table 3).
In contrast, in cirrhotic livers a significantly increased
expression of eNOS (2.2-fold; P = 0.003), PDE-5
(11-fold; P = 0.003), sGCa1 (1.7-fold; P = 0.003)
and sGCb1 (3-fold; P = 0.003) was measured when
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Increased hepatic PDE-5 protein expression and
disturbed PDE-5 zonation in liver cirrhosis

Immunohistochemistry was performed to analyze
hepatic protein expression of PDE-5 in healthy and
cirrhotic livers (Figure 2). In healthy livers, PDE-5 protein
was predominantly expressed by perivenular hepatocytes
(zone 3) and to a lesser extent by perisinusodial cells.
In contrast, in cirrhotic livers hepatic zoning of PDE-5
was abrogated and bands of fibrous septa were formed.
PDE-5 protein expression by perisinusoidal cells was
increased, but positive cells were also present in fibrous
septa.
Subsequent quantitative analysis of positive peri
sinusoidal cells revealed 3 stained cells per HPF in
healthy livers and 23 stained cells per HPF in cirrhotic
livers, what corresponds to a 7.7-fold increase.

Inhibition of PDE-5 by Sildenafil lowers portal venous
pressure

To evaluate the effect of Sildenafil on portal and systemic
blood pressure, hemodynamic measurements were
performed. One hundred and ten rats were included in
this study and sorted by their histological degree of liver
fibrosis. However, the data sets of the 2 rats having no
fibrosis after 16 wk of TAA exposure were excluded. For
the statistical analysis of the hemodynamic parameters,
the remaining 108 rats were classified into three groups
depending on their histologically assessed degree of liver
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Table 3 Median ± interquartile range of serum cyclic guanosine monophosphate concentrations
CON (n = 11)
Median ± IQR

FIB (n = 6)
Median ± IQR

CIR (n = 8)
Median ± IQR

CON + Sil (n = 12)
Median ± IQR

CIR + Sil (n = 10)
Median ± IQR

152 ± 86

100 ± 68

91 ± 22

249 ± 153

168 ± 52

cGMP (pmol/mL)

ELISAs were performed in duplicates, thus values are based on mean values of duplicates. IQR: Interquartile range; cGMP: Cyclic guanosine
monophosphate.
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Figure 1 Dotplots showing hepatic gene expression of endothelial NO synthase (A), inducible NO synthase (B), phosphodiesterase-5 (C), soluble
guanylate cyclase subunits α1 (D) and soluble guanylate cyclase subunits β1 (E), and serum cyclic guanosine monophosphate concentrations (pmol/mL)
(F). Significant differences among groups are corrected for multiple comparisons and denoted by aP < 0.05. Gene expression levels are given as fold expression
compared to CON. Since iNOS expression in CON was below the detection limit, it was arbitrarily set to “1.0”. iNOS: Inducible NO synthase.

fibrosis: CON (healthy control, n = 55), FIB (fibrosis, n
= 29), and CIR (cirrhosis, n = 24). Each of those had 3
subgroups which are categorized based on intervention
in form of NaCl, Sildenafil 0.1 mg/kg (Sil 0.1 mg/kg) or
Sildenafil 1 mg/kg (Sil 1.0 mg/kg), which was applied in
a standardized volume of 0.6 mL. Absolute values of the
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parameters are listed (Table 5).
All parameters of interest were normalized (PVPnorm,
MAPnorm, and HRnorm) to compensate differences in
absolute values between rats with healthy and diseased
livers, the time point “10 min” being taken as baseline
and set to 100% (see methods/statistical analysis).
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Table 4 Pairwise comparisons between groups are determined according to Dunn

CON vs FIB
CON vs CIR
FIB vs CIR
CON vs CON + Sil
CIR vs CIR + Sil

sig. (pairwise)
sig. (adjusted)
sig. (pairwise)
sig. (adjusted)
sig. (pairwise)
sig. (adjusted)
sig. (pairwise)
sig. (adjusted)
sig. (pairwise)
sig. (adjusted)

[35]

eNOS

iNOS

PDE5

sGCa1

sGCb1

cGMP

0.0241
0.072
0.0011
0.0031
0.280
0.840
n.m.2
n.m.2
n.m.2
n.m.2

0.732
1.000
n.m.2
n.m.2
n.m.2
n.m.2

0.0021
0.0061
0.0011
0.0031
0.201
0.603
n.m.2
n.m.2
n.m.2
n.m.2

0.065
0.195
0.0011
0.0031
0.194
0.582
n.m.2
n.m.2
n.m.2
n.m.2

0.0061
0.0181
0.0011
0.0031
0.267
0.801
n.m.2
n.m.2
n.m.2
n.m.2

0.151
0.453
0.0181
0.054
0.495
1.000
0.0121
0.0241
0.0091
0.0181

Adjusted comparisons are corrected according to Bonferroni. 1Significant differences (P < 0.05) are marked by an. 2Means: Not measured.
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Figure 2 Immunohistochemical localization of phosphodiesterase-5. A-C: Healthy liver; D-F: Cirrhotic liver. Red arrows: Localization in zone 3 hepatocytes; Blue
arrows: Localization in perisinusoidal cells; Green Arrow: Fibrous septa.

Regarding the course of hemodynamic parameters,
a decrease in parameter values was observed for all
groups regardless of intervention (Figure 3). In rats
with diseased livers the decrease in PVPnorm (%) (blue
curve) compared to the decrease in MAPnorm (%) (red
curve) became more pronounced with Sildenafil and
increasing dosage. CVPnorm, respiration ratenorm, oxygen
saturationnorm and body temperaturenorm, remained
unchanged in all groups (data not shown).
The effect of Sildenafil was evaluated by comparing
the change in parameter values at time point “60 min”
to baseline (“10 min”) (Table 6). All parameters were
normalized (PVPnorm, MAPnorm, HRnorm,) before
differences were calculated for the interval 10 min to 60
min post-intervention with time point “10 min” being
set to 100%. Significant differences (P < 0.05) between
Sil 0.1 mg/kg and CON or Sil 1.0 mg/kg and CON are
1
marked by an “ ”. No significant differences between Sil
0.1 mg/kg and Sil 1.0 mg/kg were observed.
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In rats with healthy livers intragroup comparisons
showed nonsignificant effects of Sildenafil on PVPnorm (P
= 0.399), MAPnorm (P = 0.867), and HRnorm (P = 0.664).
Also in rats with fibrotic livers intragroup comparisons
revealed nonsignificant effects of Sildenafil on PVPnorm
(P = 0.320), MAPnorm (P = 0.272), and HRnorm (P =
0.311). In contrast, the administration of Sildenafil
caused a trend towards a lower PVPnorm (P = 0.088) in
rats with cirrhotic livers. Moreover, Sildenafil showed
nonsignificant effects on MAPnorm (P = 0.915) but for
HRnorm a significant decrease of 8% (RMD) in Sil 1.0
mg/kg was found compared to NaCl (P = 0.024).

DISCUSSION
This study aimed to determine the alterations of key
components in NO-cGMP pathway in the rat model
of TAA-induced liver fibrosis/cirrhosis. Hemodynamic
measurements were performed to further elucidate
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4363

370 ± 28
6.6 ± 0.4
6.6 ± 0.6
6.3 ± 0.7
6.3 ± 0.8
106 ± 14
94 ± 14
88 ± 17
82 ± 23
377 ± 47
383 ± 44
366 ± 52
359 ± 43

Median ± IQR
380 ± 27
6.3 ± 0.7
6.6 ± 0.9
6.4 ± 0.8
6.4 ± 1.1
101 ± 28
85 ± 27
77 ± 21
74 ± 28
368 ± 31
380 ± 50
373 ± 41
362 ± 49

Median ± IQR
359 ± 35
6.0 ± 0.9
5.7 ± 1.2
5.3 ± 1.4
5.1 ± 1.2
65 ± 30
55 ± 25
50 ± 14
44 ± 11
320 ± 30
313 ± 23
291 ± 20
284 ± 26

Median ± IQR
363 ± 28
6.2 ± 1.3
5.5 ± 1.3
5.4 ± 1.3
5.2 ± 1.2
59 ± 21
45 ± 10
43 ± 12
40 ± 8
335 ± 30
339 ± 41
310 ± 43
304 ± 41

Median ± IQR
361 ± 24
6.2 ± 0.9
5.1 ± 1.4
4.8 ± 1.4
4.8 ± 1.5
58 ± 28
42 ± 8
37 ± 6
37 ± 7
314 ± 22
351 ± 29
310 ± 21
295 ± 33

Median ± IQR
336 ± 40
6.8 ± 1.6
6.8 ± 1.4
6.5 ± 1.2
6.6 ± 2.0
49 ± 19
42 ± 11
41 ± 12
38 ± 3
307 ± 38
286 ± 33
268 ± 40
254 ± 36

Median ± IQR

PVPnorm
MAPnorm
HRnorm

-3±7
- 10 ± 17
-4±6

RMD (%) ± IQR

NaCl (n = 19)

CON

- 6 ± 10
- 8 ± 16
-4±5

RMD (%) ± IQR
-3±6
- 7 ± 19
-4±5

RMD (%) ± IQR

Sil 0.1 mg/kg (n = 18) Sil 1.0 mg/kg (n = 18)
- 9 ± 11
- 21 ± 24
-8±5

RMD (%) ± IQR

NaCl (n = 7)

FIB

-8±8
- 14 ± 21
- 8 ± 14

RMD (%) ± IQR
-7±6
- 10 ± 10
- 12 ± 13

RMD (%) ± IQR

Sil 0.1 mg/kg (n = 15) Sil 1.0 mg/kg (n = 7)

-3±7
- 17 ± 16
-6±6

RMD (%) ± IQR

NaCl (n = 7)

337 ± 15
7.7 ± 1.1
7.1 ± 2.2
6.3 ± 1.3
5.8 ± 1.2
60 ± 19
38 ± 16
36 ± 8
34 ± 7
365 ± 28
374 ± 22
350 ± 36
324 ± 30

Median ± IQR

- 13 ± 7
- 14 ± 11
- 8 ± 11

RMD (%) ± IQR

- 19 ± 26
- 17 ± 23
- 14 ± 101

RMD (%) ± IQR

Sil 0.1 mg/kg (n = 7) Sil 1.0 mg/kg (n = 10)

CIR

350 ± 46
7.5 ± 1.7
7.1 ± 1.6
6.6 ± 1.0
6.3 ± 1.0
47 ± 15
41 ± 5
35 ± 8
34 ± 5
308 ± 76
316 ± 71
313 ± 57
302 ± 47

Median ± IQR

the potential of PDE-5 inhibitors in portal hypertension therapy. An increased hepatic gene expression of key enzymes of the NO-cGMP pathway in diseased rats
was demonstrated wherein a significant overexpression of PDE-5 was the most notable finding. Enhanced levels of PDE-5 protein expression were confirmed by
immunohistochemical staining which revealed that PDE-5 zonation found in healthy livers was abrogated in diseased livers. With the increased PDE-5 expression, serum
concentrations of cGMP, the most potent vasodilating compound in hepatic sinusoids, were reduced in rats with diseased livers. Administration of the PDE-5 inhibitor
Sildenafil led to a significant increase of cGMP concentrations with accompanying reduction in portal venous pressure in rats with cirrhosis.
In healthy liver eNOS is constitutively expressed and uniformly distributed among the hepatic lobules (i.e., LSECs, hepatocytes, endothelium of hepatic arteries, terminal
[36]
venules, biliary epithelium). High concentrations of eNOS-derived NO attenuate HSC activity and have a protective role in liver function . Activity of eNOS is reduced in
[4,36]
cirrhosis contributing to decreased sinusoidal dilation
. The amount of eNOS is not lowered but the translational modification through Akt or interactions with caveolin
[37]
prevent full functional capacity . Present results revealed a 2.2-fold higher mRNA expression of eNOS in cirrhotic livers. However, this does not necessarily translate to a
higher NO production.
In contrast, iNOS expression was observed only in fibrotic and cirrhotic livers. This is consistent with the hypothesis that multiple pathogenic factors like LPS, toxins,

Significant differences (P < 0.05) between Sil 0.1mg/kg and CON or Sil 1.0 mg/kg and CON are marked by an “1”. RMD: Relative median of differences; IQR: Interquartile range; PVP: Portal venous pressure; MAP: Mean arterial
pressure; HR: Heart rate.

1

375 ± 15
6.4 ± 0.7
6.0 ± 0.9
5.9 ± 0.7
5.9 ± 0.7
89 ± 12
83 ± 20
79 ± 21
76 ± 21
373 ± 40
362 ± 55
356 ± 57
347 ± 39

Median ± IQR

Table 6 Relative median of differences (%) ± interquartile range of the parameters portal venous pressure, mean arterial pressure, and heart rate

Body weight (g)
PVP_0 (mmHG)
PVP_10 (mmHG)
PVP_30 (mmHG)
PVP_60 (mmHG)
MAP_0 (mmHG)
MAP_10 (mmHG)
MAP_30 (mmHG)
MAP_60 (mmHG)
HR_0 (bpm)
HR_10 (bpm)
HR_30 (bpm)
HR_60 (bpm)

CON
FIB
CIR
NaCl (n = 19) Sil 0.1 mg/kg (n = 18) Sil 1.0 mg/kg (n = 18) NaCl (n = 7) Sil 0.1 mg/kg (n = 15) Sil 1.0 mg/kg (n = 7) NaCl (n = 7) Sil 0.1 mg/kg (n = 7) Sil 1.0 mg/kg (n = 10)

Table 5 Median ± interquartile range of the absolute values of body weight, portal venous pressure, mean arterial pressure, and heart rate at different time points
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Figure 3 Relative median (%) of mean arterial pressure and portal venous pressure over 60 min with error bars representing 95% confidence intervals. The
time point “10 min” was set to 100%.

or viruses are accompanied by overexpression of
[38,39]
iNOS
. NO derived from iNOS activity may have
pathogenic effect (probably mediated by peroxynitrite).
It is assumed that iNOS competes with eNOS for
the cofactor BH4, so that the effect of eNOS-derived
NO, which maintains HSCs in the quiescent state, is
[18,40]
abrogated
. Thus, the present results suggest that
in the TAA model HSCs were activated and transformed
into myofibroblasts.
[41]
A previous study from Theilig et al
showed that
in healthy livers nearly all HSCs were immunostained
for sGC in the periphery of the hepatic lobule, while
the intensity decreased in the direction of the central
vein. Around the central vein there was nearly no sGC
detectable. A further preclinical study from Davies
[42]
et al in the model of bile duct ligation-induced cirrhosis
demonstrated decreased hepatic sGC activity but the
addition of NO donors increased its activity. These authors
did not consider a zonation of sGC. Therefore, the lower
sGC activity may indicate the loss of zonation in cirrhosis.
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cGMP concentrations were not measured in the study
but the authors speculate that addition of substrates for
eNOS and application of an phosphodiesterase inhibitor
could be beneficial on vascular dysfunction in cirrhosis.
[43]
Loureiro-Silva et al
used Western blotting and found
1.6-fold overexpression of the b1-subunit of sGC in the
model of CCl4-induced cirrhosis. This corresponds to the
present data of increased mRNA expression of both sGC
subunits [a1 (1.7-fold) and b1 (3-fold)] in TAA-induced
cirrhosis. A possible zonation of sGC was not investigated
in the present study.
[43]
Likewise, Loureiro-Silva et al
demonstrated an
overexpression of PDE-5. Using immunofluorescence a
cellular mapping of the enzyme was not possible in this
[25]
study. Moreover, Lee et al found a markedly increased
protein expression of PDE-5 and a slight overexpression
of sGC. One week administration of Sildenafil induced
a further overexpression of sGC and a reduction of
PDE-5. This effect was accompanied by a reduction of
portal venous pressure and portal perfusion pressure.
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[44]

Finally, Angeli et al found lowered cGMP content and
increased PDE-5 activity in the cirrhotic liver but also
in the kidney. The present study showed an 11-fold
overexpression of PDE-5 on the mRNA level and an
approximately 8-fold overexpression on the protein level
in perisinusoidal cells (most probably HSCs) in cirrhosis.
In healthy livers, a marked zonation was observed, low
frequency of positive cells in perisinusoidal cells (most
probably HCSs) and a marked expression of PDE-5
in perivenular hepatocytes (zone 3). In cirrhosis, the
zonation was lost and a markedly increased staining
was observed in perisinusoidal cells. The fibrous septa
in cirrhosis also exhibited high staining, but a clear
attribution to distinct cell types was not yet possible.
[26]
Regarding cGMP, Lee et al
found that in patients
with liver cirrhosis after administration of Sildenafil
cGMP in liver veins increases and intrahepatic flow
resistance decreases. Levels of cGMP in humans with
healthy liver were not determined. Other groups found
elevated serum cGMP levels in animals and humans with
[45-47]
advanced cirrhosis
. The increase of serum cGMP
levels after administration of Sildenafil as demonstrated
in the present study reflects the anticipated effect that
Sildenafil reduces the PDE-5-induced inactivation of
cGMP.
The opposing zonation of sGC and PDE-5 in the
liver lobule of healthy rats suggests a physiological
role in maintaining cGMP in the sinusoids at the
appropriate level: Near the portal triad high sGC activity
catalyzes the formation of high levels of cGMP which
is not inactivated by the low activity of PDE-5. Near
the terminal venule cGMP production is low and high
PDE-5 activity inactivates cGMP before entering the
systemic circulation. For many important metabolic
processes in the liver lobule a zonation has been
[48,49]
already found
. Generally, in cirrhosis the zonation
of enzymes and metabolic functions is lost along with
disturbed architecture of residual liver lobules. Using
immunohistochemistry the present study showed
that in cirrhosis the zonation of PDE-5 was lost and
the number of PDE-5 positive perisinusoidal cells was
largely increased. These data suggest that not only an
altered expression but also a disturbed zonation of key
components of the NO-cGMP system in cirrhosis may
play an important role in the pathophysiology of portal
hypertension.
To investigate whether pharmaceutical inhibition
of PDE-5 might be a favorable measure in order to
at least partly correct the dysregulation of the NOcGMP pathway, hemodynamic measurements were
performed in the next step to evaluate the acute effects
of administration of either NaCl or Sildenafil (Sil 0.1
mg/kg or Sil 1.0 mg/kg). The parameters portal venous
pressure (PVP), mean arterial pressure (MAP), and
heart rate (HR) were monitored over 60 min in the
same rat pool than before, i.e., in rats with healthy,
fibrotic and cirrhotic livers.
At the start of the measurements MAP was relatively
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low in diseased rats compared to healthy rats. However,
it is known that advanced human liver cirrhosis is accom
panied by a low MAP in the hyperdynamic circulatory
[50]
state
and the patients are highly vulnerable to fluid
loss and anesthesia, what might also explain the different
baseline values in the present study. Consequently, PVP
in diseased rats was relatively low in the present study.
The most noticeable change was observed after highdose Sildenafil (1.0 mg/kg) in rats with cirrhosis. This
led to a trend towards decreased PVP by 19% and a
nonsignificant lowering of MAP. Interestingly, Sildenafil
showed no effect on PVP in rats with healthy livers and a
physiological PDE-5 expression, supporting the hypothesis
that the presence of high PDE-5 expression in a particular
[51]
tissue reflects the effect of a PDE-5 inhibitor . No
statistical significance was observed in the present study,
what might be attributed to the high variation of the
decrease of PVP. Nevertheless, the present preclinical
[30]
results support previous clinical findings
and provide
additional arguments about the benefits of PDE-5
inhibitors in therapy of portal hypertension.

Limitations of the study

qRT-PCR data did not reflect the enzymatic activity.
cGMP concentrations were measured from the carotid
arterial instead of the portal venous serum.
The administration of 0.6 mL liquid into the right
atrium caused parameter variations for some minutes
due to volume overload. During the course of 60 min, a
decrease in parameter values (i.e., PVP, MAP, and HR)
even in the NaCl groups could be observed, indicating
that the anesthesia, as well as the operative conditions,
could have added more variability and uncertainty
to the measurements. The procedure itself - the
operative procedure of the rats and the hemodynamic
measurement - lasted about 2.5 to 3 h per rat. The use
of different rat strains (Sprague Dawley for healthy liver,
Wistar for diseased liver), as well as the fact that some
of the diseased rats had CCCs could have influenced the
results of the hemodynamic measurements.

In conclusion

This study provided further evidence that liver cirrhosis
is associated with dysregulations in the NO - cGMP
pathway. The most remarkable findings in the context
of liver cirrhosis were hepatic overexpression and
abrogated zonation of PDE-5 which might contribute to
sinusoidal constriction and portal hypertension. Hence,
the inhibition of PDE-5 may be a promising adjunct in
portal hypertension therapy.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Cirrhotic portal hypertension is partly caused by sinusoidal constriction,
wherein the nitric oxide-cyclic guanosine monophosphate (NO-cGMP)
pathway plays a pivotal role. Whereas in systemic circulation there is excess
NO formation, NO availability is reduced inside the liver (“NO-paradox”).
Currently non-selective beta-blockers (NSBB) are mainly used as medical
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Research perspectives

therapy for portal hypertension. β1 receptor blockade reduces portal flow by
decreasing cardiac output while β2 blockade allows unopposed α1-adrenergic
activity resulting in splanchnic vasoconstriction and decreased portal inflow.
However, their therapeutic efficacy is limited by frequent side effects such as
circulatory dysregulation, which often prevent sufficient dosing, particularly in
decompensated cirrhosis.
Many approaches have been proposed to specifically target the reduced
NO availability in diseased liver. Liver specific NO delivering drugs (e.g.,
NCX-1000) yielded disappointing results. Statins lead to enhanced activity of
endothelial NO synthase. Although statins reduced portal hypertension in a
clinical setting, the effects on clinical outcome were modest. As vasodilating
cGMP is converted to inactive 5’-GMP by phosphodiesterase-5 (PDE-5),
PDE-5 inhibitors could exert a beneficial effect in portal hypertension therapy.
However, preclinical and clinical studies on PDE-5 inhibition yielded promising
but variable results.

The present study provides the rationale for the use of inhibitors of PDE-5 in
the therapy of cirrhotic portal hypertension. Clinical studies are needed to test
whether patients with portal hypertension in liver cirrhosis will benefit from
application of PDE-5 inhibitors in terms of clinical endpoints such as prevention
of (re)-bleeding from esophageal varices or prolonged survival.
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Core tip: Gastric ulcers, which occur due to an imba
lance between protective and aggressive agents at the
gastric mucosa surface, is a chronic disease that affects
millions worldwide and has high rates of relapse. The
conventional treatment for gastric ulcers is associated
with several side effects and poor healing of the gastric
mucosa. Eugenia punicifolia is a medicinal plant used
to treat inflammation and wounds. The present study
in rats with gastric ulcers confirms the healing effect of
Eugenia punicifolia extract and clarifies its differential
effect in males and females. These findings are useful
for developing novel and safe therapies for gastric ulcers.
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Abstract
AIM
To evaluate the sex-specific effects of a hydroalcoholic
extract from Eugenia punicifolia (HEEP) leaves on
gastric ulcer healing.

Périco LL, Rodrigues VP, Ohara R, Bueno G, Nunes VV, dos
Santos RC, Camargo AC, Justulin LA, de Andrade SF, Steimbach
VM, da Silva LM, da Rocha LR, Vilegas W, dos Santos RC,
Hiruma-Lima CA. Sex-specific effects of Eugenia punicifolia
extract on gastric ulcer healing in rats. World J Gastroenterol
2018; 24(38): 4369-4383 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i38/4369.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i38.4369

METHODS
In this rat study involving males, intact (cycling) females,
and ovariectomized females, gastric ulcers were induced
using acetic acid. A vehicle, lansoprazole, or HEEP was
administered for 14 d after ulcer induction. Body weight
was monitored throughout the treatment period. At
the end of treatment, the rats were euthanized and
the following in vivo and in vitro investigations were
performed: macroscopic examination of the lesion area
and organ weights, biochemical analysis, zymography,
and evaluation of protein expression levels. Additionally,
the concentration-dependent effect of HEEP was
evaluated in terms of subacute toxicity and cytotoxicity.

INTRODUCTION
Gastric ulcers, which result from an imbalance between
the protective and aggressive agents at the surface of the
gastric mucosa, is a chronic disease that affects millions
[1,2]
around the world and has high relapse rates . Alcohol
consumption, prolonged treatment with non-steroidal
anti-inflammatory drugs, stress, and Helicobacter pylori
infection favor such an imbalance and represent key
[3]
etiological factors of gastric ulcers . Current treatment
strategies for gastric ulcers involve the use of antisecretory drugs, including antagonists of histamine
receptor type 2 (e.g., ranitidine) and proton pump
inhibitors [e.g., lansoprazole (LZ)], as well as antibiotics
for the eradication of Helicobacter pylori. While such
treatments are effective, prolonged use of anti-secretory
drugs, especially ranitidine and proton pump inhibitors, is
[4]
associated with several side effects and poor healing of
[5]
the gastric mucosa .
[6]
In 1991, Tarnawski et al proposed the concept of
quality of ulcer healing, which takes into consideration
the fact that tissue regeneration within the ulcer scar
is often incomplete. Within the quality of ulcer healing
concept, the evaluation of gastric ulcer healing is focused
on whether the structure and function of the mucosal and
submucosal tissue have recovered completely, in addition
to endoscopic examination and evaluation of ulcer size. It
has been shown that ulcer recurrence is closely related to

RESULTS
Compared to the vehicle, HEEP demonstrated a great
healing capacity by substantially reducing the ulcerative
lesion area in males (52.44%), intact females (85.22%),
and ovariectomized females (65.47%), confirming
that HEEP accelerates the healing of acetic acidinduced gastric lesions and suggesting that this effect
is modulated by female sex hormones. The antiulcer
effect of HEEP was mediated by prostaglandin E2 only
in male rats. Overall, the beneficial effect of HEEP was
the highest in intact females. Notably, HEEP promoted
the expression of vascular endothelial growth factor
(intact vs ovariectomized females) and decreased the
expression of Caspase-8 and Bcl-2 (intact female vs
male or ovariectomized female). Additionally, HEEP
enhanced fibroblast proliferation and migration into a
wounded area in vitro , confirming its healing effect.
Finally, no sign of subacute toxicity or cytotoxicity of
HEEP was observed.
CONCLUSION
In gastric ulcers, HEEP-induced healing (modulated by
female sex hormones; in males, mediated by prosta
WJG|www.wjgnet.com
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[7]

the quality of ulcer healing .
Ulcers frequently recur following treatment with anti[7,8]
secretory drugs . Therefore, alternative therapies for
[9]
gastric ulcers are desirable . Herbal combination pre
parations are popular among traditional herbal medicine
practitioners. The rationale behind such combinations
is frequently questioned, and it remains challenging to
assess the individual contribution of each component to
the overall activity of the herbal combination preparation.
This holds especially true when the preparation is used in
the treatment of a chronic multifactorial disease such as
[10]
gastric ulcers .
Eugenia punicifolia (Kunth) DC (Myrtaceae), popularly
known as pedra-ume-caá, pedra-ume, murta, or muta,
is a shrub found mainly in the Savanna biome and in
the Amazon region. The leaves of E. punicifolia are po
[11]
pularly used as a natural remedy for inflammation ,
[12]
[13]
[14,15]
wounds, infections , diabetes , fever, and flu
. The
gastroprotective activity of the hydroalcoholic extract of
E. punicifolia (Kunth) DC leaves (HEEP) against ethanolor non-steroidal anti-inflammatory drug-induced
[16]
ulcers in rodents has been reported . Nevertheless,
it remains unclear whether HEEP has any beneficial
effects in the healing of installed gastric ulcers, since the
gastroprotective activities of an extract do not ensure
[17]
their gastric healing effects in installed gastric ulcers .
Therefore, the present study aimed to evaluate the sexspecific effects of HEEP in the healing of gastric ulcers in
a rat model. For this purpose, we employed a rat model
of acetic acid-induced gastric ulcers and analyzed the
curative action of HEEP in males, intact females, and
ovariectomized females.

W) located near one of the experimental stations of the
Forestry Institute, Assis, state of São Paulo, Brazil. Dr.
Antônio CG Melo identified the species and a voucher (No.
43322) was deposited in the Herbarium D Bento Pickel,
available at the Forestry Institute in Assis, São Paulo,
Brazil.

Preparation of the plant extract

The dried and crushed leaves (10 g of plant material)
were dissolved in 100 mL of solvent consisting of a 70:30
mix of ethanol and water (v/v). Dynamic maceration of
the solution was performed for 2 h at room temperature
(25 ℃ ± 2 ℃). Thereafter, the solution was filtered, and
the residue was extracted twice more. The solution was
dried using a rotary evaporator (40 ℃). The extract yield
was 45% (4.49 g) of the original plant material.

Animals

The animal protocol was designed to minimize pain
or discomfort to the animals. The in vivo experiments
used male (280 g) and female (220 g) Wistar albino
rats obtained from the breeding facility of the State
University of Campinas (Multidisciplinary Center for
Biological Research). The HEEP dose (125 mg/kg) for
the in vivo experiments was determined based on a
dose-response curve previously obtained in a gastric
[16]
injury induction test . Male and female rats were kept
in separate rooms, allocated into five animals per cage,
fed with Presence® (Paulínia, SP, Brazil) rodents diet, and
allowed free access to filtered water. The animals were
kept in cages with raised, wide-mesh floors to prevent
coprophagy. The cages were kept under controlled
conditions of illumination (12 h/12 h light/dark cycle) and
temperature (22 ℃ ± 2 ℃).
The estrous cycle was verified through a vaginal
smear performed daily starting on postnatal day 60.
The material was observed under an optical microscope,
and the estrous cycle phase was determined by
[18-20]
cytology
. The duration of the estrous cycle was
calculated as the number of days between one estrus
phase and the next. Only female rats that showed two
consecutive regular cycles of 4-5 d were included in the
experiment. Additionally, ovariectomized (OVZ) females
were included. We performed bilateral ovariectomies in
ten-week-old female rats and we verified the absence of
estrous cycle through a vaginal smear after 2 wk. The
experiments were performed in 90 d old males as well as
in intact and OVZ female rats.
The 84 animals included in the study (30 males, 30
intact females, 24 ovariectomized females) were divided
into nine groups with 7-10 individuals each. Group
allocation was performed according to sex (male vs
female), hormonal status in females (intact vs OVZ), and
treatment (negative control vs positive control vs HEEP).
All subsequent analyses (except for the cell viability and
migration assays) were performed in each of the nine
groups. The nine groups were compared to assess the
sex-specific effects of HEEP vs vehicle and vs LZ.

MATERIALS AND METHODS
Chemicals and reagents

The following chemicals and reagents were used: acetic
acid, methanol (Dinamica Contemporary Chemicals™,
Diadema, São Paulo, Brazil), LZ (Cruz Vermelha Pharmacy
of Manipulation, Botucatu, São Paulo, Brazil), RIPA buffer,
protease inhibitor cocktail, Ethylenediaminetetraacetic acid
(EDTA), N,N,N′,N′-Tetramethylethylenediamine (TEMED),
ammonium persulfate (APS), sodium chloride, 400 g/L
acrylamide/bis-acrylamide solution, Triton X-100, TrisHCl, calcium chloride, zinc chloride, coomassie brilliant
blue, tris base, glycine, sodium dodecyl sulfate (SDS),
glycerol, Tween 20, β-mercaptoethanol, bromophenol
blue, Ponceau (Sigma Chemical Co., St. Louis, MO, United
States) gelatin (Merck KGaA, Darmstadt, Germany).
Saline solution (9 g/L NaCl) was used to dilute the
hydroalcoholic extract from the leaves of E. punicifolia.
The same saline solution used as a vehicle served as a
negative control.

Plant material

In December 2009, Dr. Catarina dos Santos collected the
leaves of E. punicifolia from a site in Assis State Forest
(latitude, 22°33’ to 22°37’ S; longitude, 50°21’ to 50°24’
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Establishing the rat model of acetic acid-induced gastric
ulcers

containing enriched DMEM supplemented with 10%
FBS. When nearly confluent, the plate was taken out
and artificial wounds were created in the monolayers by
making a linear scratch in the center of each well using
the tip of a sterile 200 μL plastic pipette. Any cellular
debris created while making the scratch was removed
by gently washing the wells with PBS. The wells with
scratch wounds were divided into three wells per group
and treated with HEEP at low (3 μg/mL), intermediate
(10 μg/mL), or high (30 μg/mL) concentration. DMEM
supplemented with 5% FBS was used as a negative
control. The plates were then incubated at 37 ℃ in a
humidified incubator with 5% CO2 atmosphere. The
plates were evaluated after 24 h and 48 h of incubation
to assess the closure of the scratch wounds. Micrographs
were used to record the wound closure activity, which
was captured using an inverted microscope (Olympus
CK40; Olympus, Melville, NY, United States) with 100
× magnification. All experiments were performed in
triplicate.

After being fasted for 16 h, the animals were anes
thetized with a solution of ketamine (80 mg/kg) and
xylazine (8 mg/kg) injected intraperitoneally and received
laparotomy through a midline epigastric incision. A plastic
tube with an internal diameter of 4.2 mm was firmly
applied to the serosal surface of the stomach wall, and
70 μL of concentrated acetic acid solution (80%) were
delivered to the gastric mucosa through the tube. The
acetic acid was left to act for 20 s and then completely
removed. The stomach was bathed with saline to avoid
adherence to the external surface of the ulcerated region,
and the abdomen was closed. Subsequently, all animals
were fed normally.

Treatment protocols

In order to determine the healing effect of HEEP, three
14-d treatment protocols were evaluated in this study.
The three groups of negative controls (males, intact
females, and OVZ females) received 0.9% NaCl solution
dosed at 10 mL/kg. The three groups of positive controls
(males, intact females, and OVZ females) received LZ
dosed at 30 mg/kg. The remaining three groups (males,
intact females, and OVZ females) received HEEP dosed
at 125 mg/kg. All treatments were delivered orally once
daily beginning one day after surgery and continuing for
14 d. One day after the last drug administration, the rats
were euthanized through decapitation and the stomachs
were removed to evaluate the lesions. The ulcer tissue
was also removed and analyzed. The affected area,
2
expressed in mm , was determined using the AvSoft
Bioview™ Spectra 4.0 software, according to a previously
[21,22]
established protocol
. The organs were removed
and weighed. Additionally, analysis of blood collected
upon euthanasia was performed. The animals were not
anesthetized prior to decapitation, since anesthetics may
interfere with the results of the biochemical parameters
evaluated.

Determination of PGE2 levels

Serum samples were obtained from all animals at the end
of the 14-d treatment with either vehicle, LZ, or HEEP.
The serum prostaglandin E2 (PGE2) levels were quantified
using a suitable enzyme-linked immunosorbent assay kit
(R&D Systems, Minneapolis, MN, United States).

Extraction of total protein from the ulcer tissue

Tissue containing the gastric ulcer was used to extract
total protein. The extraction was carried out by crushing
the tissue using a homogenizer (Polytron Benchtop
Homogenizers, Daigger Scientific, Vernon Hills, IL, United
States) in a RIPA buffer and protease inhibitor cocktail
(1:5 ratio). The homogenate was centrifuged at 18620
g for 45 min at 4 ℃. The supernatant was collected and
then centrifuged again at 13680 g for 15 min at 4 ℃.
Finally, the protein content was quantified using the
[25,26]
biuret method
.

Cell viability assay (MTT assay)

Zymography-based evaluation of matrix remodeling
activity

5

L929 cells (1 × 10 ) were cultured in 96-well plates (in
triplicate) in the presence of 10% DMSO (control), a
vehicle (culture medium with 0.1% DMSO), or HEEP
(0.3-30 μg/mL) at 37 ℃ for 24 h. MTT (0.5 mg/mL) was
added to the cultures, the cells were incubated for 3 h at
37 ℃, and the absorbance at 570 nm was analyzed after
solubilization of reduced formazan crystals with pure
[23]
DMSO . The percentage of viable cells was calculated
as (Abs.sample - Abs.blank/ Abs.vehicle × 100), where
“Abs.” represents the absorbance.

The complete protocol for gelatin zymography was
[27]
previously described by Justulin et al . Briefly, samples
containing extracted proteins (35 μg) obtained from
the gastric ulcer tissue were subjected to non-reducing
electrophoresis on 8% polyacrylamide gel copolymerized
with 0.1% purified gelatin. After electrophoresis, the
gels were subjected to two 15 min washes in a solution
of 2.5% Triton X-100 to remove SDS, and to two 5
min washes in 50 mmol/L Tris-HCl buffer (pH 8.0).
Subsequently, the gels were incubated for 20 h at 37 ℃
in 50 mmol/L Tris-HCl buffer (pH 8.0) containing 5
mmol/L CaCl2 and 1 μmol/L ZnCl2. Finally, the gels were
stained with Coomassie Brilliant Blue R-250. The relative
molecular weight of the bands was determined according
to the molecular weight standard (Precision Plus
Protein™; Bio-Rad Laboratories, Hercules, CA, United
States) used in electrophoresis. The bands obtained

Cell proliferation activity

The proliferation ability of fibroblasts exposed to HEEP
was assessed using the scratch-wound assay, according
[24]
to a protocol previously described by Balekar et al ,
with a few modifications. The scratch test measures the
expansion of a cell population on surfaces. Monolayers
of L929 cells were allowed to form in a 24-well plate
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through zymography were scanned and analyzed by
densitometry. The bands representative of the gelatinase
activity of matrix metalloproteinase (MMP)-2 and MMP-9
were analyzed in terms of the integrated optical density
(IOD) of the bands. Specifically, the band IODs were
obtained using the Image J software (National Institutes
of Health, Bethesda, MA, United States). The IOD values
were then plotted in a histogram showing the IOD of the
treated groups (LZ, HEEP) and control group (vehicle).

comparisons were performed using Student’s t-test,
while comparisons of three or more groups were per
formed using one-way analysis of variance followed by
Dunnett’s or Tukey’s test, or using two-way analysis
of variance followed by Bonferroni’s test. The minimal
significance level considered was P < 0.05.

RESULTS
Healing effect of HEEP on acetic acid-induced gastric
lesions

Evaluation of protein expression using western blots

For this test, the protein extracts were obtained as
described above for zymography. After extraction,
the samples were treated with Laemmili buffer (0.5
mol/L PB buffer; pH 6.8; glycerol, 10% SDS, 0.1%
bromophenol, β-mercaptoethanol) in a ratio of 1:1.
Equal amounts of protein (70 μg) were separated on
10% acrylamide gel using SDS-PAGE. In the next step,
the proteins were electrophoretically transferred onto
a nitrocellulose membrane or PVDF membrane (for
epidermal growth factor (EGF)), blocked with 5% nonfat milk diluted in PBS, and incubated with the following
primary antibodies: anti-cyclooxygenase (COX)-1
(1:10.000, ab133319); anti-COX-2 (1:1000, ab52237);
anti-vascular endothelial growth factor (VEGF) (1:1.000,
ab46154); anti-EGF (1:800, ab77851), anti-Bcl-2 (1:800,
ab59348), anti-caspase-3 (1:10.000, ab32499), anticaspase-8 (1:2.000, ab25901), and anti-caspase-9
(1:5.000, ab32539) (all from Abcam, Cambridge, MA,
United States). The membranes were washed with
PBS and incubated with a specific secondary antibody
for 2 h (horseradish peroxidase, 1:10.000, ab 97051;
Abcam). After washing, the reactions were detected
using an enhanced chemiluminescence kit (Amersham
Biosciences, Westborough, MA, United States) and the
signals were captured using a G:BOX system (Syngene,
Cambridge, England). The IODs of the targeted protein
bands were measured using Image J. The expression
levels were normalized to that of actin (1:10000;
ab179467; Abcam).

To evaluate the HEEP-mediated healing effect of gastric
ulcers, we measured the gastric lesion area at the end
of treatment. In male rats, 14-d treatment with HEEP
was associated with significantly decreased lesion area
(52.44%, P < 0.01 vs vehicle); the same effect, though
less pronounced, was noted for LZ treatment (40.81%, P
< 0.05 vs vehicle) (Figure 1). Among females, HEEP was
associated with a very significant reduction in lesion area,
both in cycling rats (85.22%, P < 0.0001 vs vehicle) and
in OVZ rats (65.47%, P < 0.001 vs vehicle); the same
effect was noted for LZ treatment (P-value vs vehicle:
84.21%, < 0.0001 and 49.40%, < 0.01, respectively)
(Figure 1).
Compared to males, intact females showed higher
benefit in terms of gastric lesion area reduction
following treatment with HEEP or LZ (P < 0.01 for both
comparisons), whereas no significant difference in lesion
area reduction was noted between males and OVZ
females treated with HEEP or LZ (P > 0.05). Compared
to OVZ females, intact females had greater reduction in
the lesion area (P < 0.01 for HEEP; P < 0.001 for LZ)
(Figure 1).

Cell viability of L929 fibroblasts treated with HEEP

The cytotoxic potential of HEEP was evaluated in an
MTT assay of L929 fibroblasts. No cytotoxicity signal
was found after 24 h of incubation with HEEP, regardless
of concentration (0.3-30 μg/mL) (P > 0.05 vs vehicle)
(Figure 2).

Cell proliferation activity of L929 fibroblasts treated with
HEEP

Toxicological evaluation

Body weight was recorded daily throughout the expe
rimental period. Macroscopic analyses and weighing
of the vital organs (liver, kidneys, heart, spleen, and
lungs) were performed at the end of the treatment.
Additionally, analysis of blood collected upon euthanasia
was performed. The blood samples were centrifuged (at
3000 g for 15 min), and the serum obtained was frozen
at -80 ℃ until biochemical analysis. Serum biochemical
parameters including glucose, urea, creatinine, γ-glutamyl
transpeptidase (γ-GT), aspartate aminotransferase (AST),
and alanine amino transferase (ALT) were measured
using an automated biochemical analyzer.

We performed an in vitro scratch-wound test to
determine whether HEEP possesses cell proliferation
activity. Indeed, HEEP promoted proliferation and
migration of the cells to cover the scratch wounds made
on the L929 cell monolayer (Figure 3A). The HEEPinduced enhancement of proliferation and coverage
of the scratch wounds was found to decrease with
increasing HEEP concentration (coverage achieved for
HEEP concentration of 3 μg/mL, 10 μg/mL, and 30 μg/
mL: 92.14%, 74.31%, and 75.25%, respectively; all
significantly higher vs time-matched vehicle) (Figure 3B).

Involvement of PGE2 in HEEP-mediated healing of
gastric ulcers

Statistical analysis

The statistical methods of this study were reviewed
by Dr. Clélia Akiko Hiruma-Lima from the Institute of
Biosciences, UNESP. The results were expressed as
the mean ± standard error of the mean. Two-group
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To gauge whether PGE2 plays a role in HEEP-mediated
healing of gastric ulcers, we measured the levels of PGE2
at the end of treatment. In males, 14-d treatment with

4373

October 14, 2018|Volume 24|Issue 38|

Périco LL et al . Rat model of gastric ulcer
Males

Intact females

Ovariectomized females

Vehicle

Vehicle

Vehicle

Lansoprazole

Lansoprazole

HEEP

HEEP
h

2

Lesion area (mm )

ns

f

20

a

HEEP

g

f

Vehicle 10 mL/kg
Lansoprazole 30 mg/kg
HEEP 125 mg/kg

15
10

Lansoprazole

d

b

e

5

c

c

0
Males

Intact
Ovariectomized
females
females
Treatments (p.o.)

Figure 1 Effects of 14-d treatment with hydroalcoholic extract from the leaves of Eugenia punicifolia and lansoprazole on gastric ulcer healing in a rat
model. Results were expressed as mean ± standard error of the mean in each group (n = 8-10). Values are given as a percentage indicating healing relative to
the corresponding vehicle group. Statistical significance was determined using one-way ANOVA followed by Dunnett's test or Student’s t-test. aP < 0.05 and bP <
0.01 vs vehicle in males; cP < 0.0001 vs vehicle in intact females (cycling); dP < 0.01 and eP < 0.0001 vs vehicle in ovariectomized females; fP < 0.01 for HEEP
and lansoprazole in intact females vs males; gP < 0.01 and hP < 0.001 for HEEP and lansoprazole in intact vs ovariectomized females; Ns: not significant; HEEP:
Hydroalcoholic extract from the leaves of Eugenia punicifolia.

LZ) (Figure 4). However, no increase in PGE2 levels was
noted in intact or OVZ females treated with HEEP or LZ (P
> 0.05 vs vehicle).

Cell viability (%)

200
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Matrix remodeling in HEEP-mediated healing of gastric
ulcers

To clarify the nature of the HEEP-mediated healing
process of gastric ulcers, we performed zymography
analysis of the gastric ulcer tissue and evaluated the
activities of MMP-2 and MMP-9 on the gastric mucosa
after treatment with vehicle, LZ, and HEEP. No band
corresponding to MMP-9 was observed, indicating that
MMP-9 activity is absent in all rats. In contrast, MMP-2
activity was present in all rats. Specifically, males (Figure
5), intact females (Figure 6), and OVZ females (Figure
7) exhibited pro-MMP-2, intermediate MMP-2, and active
MMP-2 activities. There is no difference regarding MMP-2
activity between rats treated with vehicle and those
treated with HEEP or LZ (P > 0.05 vs vehicle).

a
Vehicle DMSO

0.3

1

3

10

30

HEEP (μg/mL)

Figure 2 Effects of hydroalcoholic extract from the leaves of Eugenia
punicifolia (HEEP) on the viability of L929 fibroblasts. L929 cells were treated
with vehicle, DMSO, or HEEP of different concentrations and incubated for 24 h.
Cell viability was measured using the MTT assay. The results represent mean ±
standard error of the mean in triplicate experiments. Statistical significance was
determined using one-way ANOVA followed by Dunnett's test. aP < 0.001 vs vehicle.

HEEP or LZ was associated with elevation of serum PGE2
levels (P-values vs vehicle: < 0.05 for HEEP, < 0.001 for
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Figure 3 Effects of hydroalcoholic extract from the leaves of Eugenia punicifolia on cell proliferation and migration into the scratch-wound area. A
monolayer of L929 fibroblasts was scratched and treated with vehicle or HEEP at different concentrations (3, 10, and 30 μg/mL). A: Images captured at 100 ×
magnification at 0, 24, and 48 h after incubation; B: Rate of migration, evaluated in terms of the total distance that the cells moved from the edge of the scratch toward
the center. The results represent mean ± standard error of the mean in triplicate experiments. Statistical significance was established using analysis of variance (twoway ANOVA) followed by Bonferroni’s test. aP < 0.001 vs time-matched vehicle. HEEP: Hydroalcoholic extract from the leaves of Eugenia punicifolia.
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Figure 4 Prostaglandin E2 levels in rats with acetic acid-induced gastric
ulcers treated for 14 d with vehicle, lansoprazole, or hydroalcoholic extract
from the leaves of Eugenia punicifolia. The results are expressed as mean ±
standard error of the mean in each group (n = 6-8). Statistical significance was
determined using one-way ANOVA followed by Dunnett's test. aP < 0.05 and bP <
0.001 vs vehicle in males; Ns: not significant; HEEP: Hydroalcoholic extract from
the leaves of Eugenia punicifolia; PGE2: Prostaglandin E2.
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0
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Figure 5 Representative zymography results of gastric ulcer tissue from
male rats treated with vehicle, lansoprazole, or hydroalcoholic extract from
the leaves of Eugenia punicifolia for 14 d. A: Zymography gel showing the
typical clear bands of matrix metalloproteinase-2 (MMP-2) in its proenzyme (72
kDa), intermediate (64 kDa), and active form (57 kDa); B: Gelatinolytic activity of
MMP-2 in the gastric mucosa after 14 d of treatment. The results represent mean
± standard error of the mean of the integrated optical density (IOD) for each
group (n = 6). Statistical significance was determined using one-way ANOVA
followed by Dunnett's test. HEEP: Hydroalcoholic extract from the leaves of
Eugenia punicifolia; MMP-2: Matrix metalloproteinase-2.

Protein expression levels in HEEP-mediated healing of
gastric ulcers

To determine the protein expression profiles associ
ated with HEEP-mediated healing of gastric ulcers, we
examined the western blotting gels for several important
contributors to cell growth and cell death. Western blot
ting revealed that oral treatment with HEEP or LZ for
14 d after gastric exposure to absolute acetic acid does
not affect the expression of COX-1 (Figure 8) or COX-2
(Figure 9) in males, intact females, or OVZ females (vs
corresponding vehicle). LZ treatment was associated with
increased EGF expression in males and in OVZ females
(P < 0.01 vs corresponding to the respective vehicle; P

WJG|www.wjgnet.com

Vehicle 10 mL/kg
Lansoprazole 30 mg/kg
HEEP 125 mg/kg

6

4.0 x 10

< 0.05 vs intact females) (Figure 10). No effect on EGF
expression was noted for HEEP treatment.
Western blot analysis revealed that male rats
and OVZ rats had low VEGF expression at 14 d after
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factors including caspase-8 (Figure 12), caspase-9
(Figure 13), and caspase-3 (Figure 14), as well as the
anti-apoptotic factor Bcl-2 (Figure 15). Neither HEEP
nor LZ treatment altered the expression of the apoptotic
factors (P > 0.05 vs corresponding vehicle). However,
expression of caspase-8 (Figure 12) was significantly
lower in intact females vs males treated with HEEP or LZ.
Furthermore, compared to intact females, OVZ females
had higher expression of caspase-8 for all treatments (P
< 0.01). Similarly, neither HEEP nor LZ treatment altered
the expression of the non-apoptotic factor Bcl-2 (P > 0.05
vs corresponding vehicle). However, HEEP treatment
was associated with higher expression of Bcl-2 in OVZ
females vs intact females (Figure 15).

A
LZ

0.6

Figure 8 COX-1 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia punicifolia
(HEEP) for 14 d. The data represent relative expression of COX-1 normalized
to the expression of housekeeping genes (actin). The results represent mean ±
standard error of the mean for each group (n = 6). Statistical significance was
determined using one-way ANOVA followed by Dunnett's test. No statistically
significant differences were found. HEEP: Hydroalcoholic extract from the leaves
of Eugenia punicifolia.

Figure 6 Representative zymography results of gastric ulcer tissue from
intact female rats treated with vehicle, lansoprazole, or hydroalcoholic
extract from the leaves of Eugenia punicifolia for 14 d. A: Zymography
gel showing the typical clear bands of matrix metalloproteinase-2 (MMP-2) in
its proenzyme (72 kDa), intermediate (64 kDa), and active form (57 kDa); B:
Gelatinolytic activity of MMP-2 in the gastric mucosa after 14 d of treatment. The
results represent mean ± standard error of the mean of the integrated optical
density (IOD) for each group (n = 6). Statistical significance was determined using
one-way ANOVA followed by Dunnett's test. HEEP: Hydroalcoholic extract from
the leaves of Eugenia punicifolia; MMP-2: Matrix metalloproteinase-2.
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Toxicological potential of HEEP in rats with gastric
ulcers

0
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In male rats, oral administration of HEEP was not
associated with any deaths or significant changes in
body weight throughout the 14 d of treatment (Figure
16). Additionally, no significant changes in organ weight
or biochemical parameters were noted for HEEP-treated
males (P > 0.05 vs vehicle), whereas significantly higher
glucose levels were noted in males treated with LZ (P <
0.05 vs vehicle) (Table 1).
Oral administration of HEEP (125 mg/kg) did not
cause any sign of acute toxicity in intact females (Figure
16, Table 2) or OVZ females (Figure 16, Table 3). None
of the female animals died during the treatment period,
and no significant changes in body weight were noted.
Finally, no differences in organ weights, hepatic enzyme
levels (γ-GT, AST, and ALT), renal function (creatinine and
urea levels), or glucose levels were observed in female
rats at the end of the 14 d treatment period (P > 0.05 vs
corresponding vehicle).

Figure 7 Representative zymography results of gastric ulcer tissue from
ovariectomized rats treated with vehicle, lansoprazole, or hydroalcoholic
extract from the leaves of Eugenia punicifolia for 14 d. A: Zymography
gel showing the typical clear bands of matrix metalloproteinase-2 (MMP-2) in
its proenzyme (72 kDa), intermediate (64 kDa), and active form (57 kDa); B:
Gelatinolytic activity of MMP-2 in the gastric mucosa after 14 d of treatment. The
results represent mean ± standard error of the mean of the integrated optical
density (IOD) for each group (n = 6). Statistical significance was determined using
one-way ANOVA followed by Dunnett's test. HEEP: Hydroalcoholic extract from
the leaves of Eugenia punicifolia; MMP-2: Matrix metalloproteinase-2.

induction of gastric ulcers, regardless of treatment (lowsignal band; Figure 11). Neither HEEP nor LZ treatment
induced significant changes in VEGF expression (P >
0.05 vs corresponding vehicle); however, higher VEGF
expression was noted in intact females vs OVZ females
treated with HEEP or LZ (P < 0.05).
In addition to growth factors, we evaluated apoptotic
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Figure 10 Epidermal growth factor expression in the gastric mucosa of rats
with acetic acid-induced gastric ulcers treated with oral administration of
vehicle, lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia for 14 d. Data represent relative expression of EGF normalized to
the expression of housekeeping genes (actin). The results represent mean ±
standard error of the mean for each group (n = 6). Statistical significance was
determined using one-way ANOVA followed by Dunnett's test or Student’s t-test.
a
P < 0.01 vs vehicle in males; bP < 0.01 vs vehicle in ovariectomized females; cP
< 0.05 for lansoprazole in males vs intact females; dP < 0.05 for lansoprazole in
intact vs ovariectomized females. HEEP: Hydroalcoholic extract from the leaves
of Eugenia punicifolia.

DISCUSSION
The acetic acid-induced gastrointestinal ulcer model is a
classical model that has proven suitable for investigating
the effect of treatment on the healing process of chronic
[28]
gastrointestinal ulcers , provided that the wounds
[29,30,31]
resemble human ulcers that do not heal naturally
.
Such data can also help in the discovery of new anti-ulcer
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drugs or treatment targets. This ulcer-induction model
provides an easy and reliable technique for producing
round, deep ulcers in the stomach of rats, and such
ulcers do not heal naturally. Furthermore, ulcers obtained
using this model resemble human ulcers, and this model
was successfully used to assess agents with potential
therapeutic effects in chronic gastric ulcers.
One of the least understood aspects of gastric ulcers
is the chronicity of the disease, which is characterized by
repeated episodes of healing and re-exacerbation, posing
[31]
a challenge to physicians and a burden for patients .
The healing process of ulcers can be divided into three
phases: ulcer development phase (0-3 d), involving tissue
necrosis, ulcer implantation, inflammatory infiltration,
and ulcer margin formation; rapid healing phase (3-10
d), involving migration of epithelial cells and contraction
of the ulcer base; slow healing phase (10-20 d), involving
angiogenesis, remodeling of granulation tissues, and
[32]
complete re-epithelialization of the ulcer .
To the best of our knowledge, the present study is
the first to show that 14 d treatment with HEEP achieves
healing of established gastric ulcers in all groups of rats
studied (males, females, and OVZ females) (Figure
1). Specifically, HEEP treatment achieved a 52.44%
lesion area reduction in males, compared to 85.22%
and 65.47% in intact and OVZ females, respectively
(all P < 0.05 vs corresponding vehicle) (Figure 1). A
significant decrease in lesion area was also noted for LZ
treatment in females (84.21%), OVZ females (49.40%),
and males (40.81%) (Figure 1). Intact females treated
with HEEP or LZ showed significantly greater healing
effects than that noted in males or OVZ females who
received the same treatment. This beneficial effect of
HEEP in intact females is confirmed by the increase

Actin
42 kDa

d
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8

Figure 11 Vascular endothelial growth factor expression in the gastric
mucosa of rats with acetic acid-induced gastric ulcers treated with oral
administration of vehicle, lansoprazole, or hydroalcoholic extract from the
leaves of Eugenia punicifolia for 14 d. The data represent relative expression
of VEGF normalized to the expression of housekeeping genes (actin). The results
represent mean ± standard error of the mean for each group (n = 6). Statistical
significance was determined using one-way ANOVA followed by Dunnett's test or
Student’s t-test. aP < 0.05 for lansoprazole and HEEP in intact vs ovariectomized
females. HEEP: Hydroalcoholic extract from the leaves of Eugenia punicifolia.

Figure 9 COX-2 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia for 14 d. The data represent relative expression of COX-2 normalized
to the expression of housekeeping genes (actin). The results represent mean ±
standard error of the mean for each group (n = 6). Statistical significance was
determined using one-way ANOVA followed by Dunnett's test. No statistically
significant differences were found. HEEP: Hydroalcoholic extract from the leaves
of Eugenia punicifolia.
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Figure 13 Caspase-9 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia for 14 d. Data represent relative expression of caspase-9 normalized
to the expression of housekeeping genes (actin). The results represent mean ±
standard error of the mean for each group (n = 6). Statistical significance was
determined using one-way ANOVA followed by Dunnett's test. No statistically
significant differences were found. HEEP: Hydroalcoholic extract from the leaves
of Eugenia punicifolia.

in VEGF expression associated with HEEP treatment
in this group. Furthermore, there was no significant
difference in lesion area between males and OVZ fe
males who received the same treatment (Figure 1),
suggesting that the absence of female sex hormones
diminishes healing. Our results corroborate the findings
[33]
of Günal et al , who demonstrated that the severity of
gastric ulcers induced by the application of acetic acid
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is attenuated by the effect of estrogen. The protective
role of female sex hormones likely accounts for the
[34]
higher incidence of gastric ulcers in men vs women .
The anti-ulcerogenic activity of estrogen was previously
explained by its stimulating effect on parietal cell activity
[34]
and maintenance of mucus integrity . The protective
effect of estrogens on endothelial function includes
antioxidant properties, vasodilator action, prevention
of the formation of platelet thrombi, and angiogenesis
[35]
promotion . Results from several studies support the
idea that the estrogen-induced vasoprotective effect may
be due to the release of nitric oxide from the vascular
[36]
endothelium .
Gastric ulcer healing is a complex and genetically[37]
programmed dynamic process . It is well-established
that myofibroblasts are an important component of
[38]
wound healing , responsible for extracellular matrix
production, morphogenesis, and the inflammatory
[38-40]
process involved in tissue repair
. Previous studies
confirmed that fibroblasts play an important role in
gastric and esophageal ulcer healing in mice and
[37,41-42]
[43]
rats
. Similar to da Silva et al (2015), the murine
fibroblast L929 (NCTC clone 929) cells were used as
a complementary in vitro model to confirm the cell
proliferative effect of HEEP. Fibroblast cell culture has
been proposed as a useful method for testing wound
[44]
healing activity in vitro . We found that incubation with
HEEP led to adequate coverage of the scratch-wound
areas on the L929 cell monolayer after only 24 h (Figure
3), with no sign of cytotoxicity in the MTT assay (Figure
2). Thus, the HEEP effect of enhancing cell proliferation
and migration to cover the scratch wounds reinforces the
healing potential of HEEP.
Another step taking place in this process is the

Caspase-9
46 kDa

2

4

Figure 14 Caspase-3 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia or 14 d. The data represent relative expression of caspase-3
normalized to the expression of housekeeping genes (actin). The results
represent mean ± standard error of the mean for each group (n = 6). Statistical
significance was determined using one-way ANOVA followed by Dunnett's test.
No statistically significant differences were found. HEEP: Hydroalcoholic extract
from the leaves of Eugenia punicifolia.

Figure 12 Caspase-8 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia for 14 d. The data represent relative expression of caspase-8
normalized to the expression of housekeeping genes (actin). The results
represent mean ± standard error of the mean for each group (n = 6). Statistical
significance was determined using one-way ANOVA followed by Dunnett's test
or Student’s t-test. aP < 0.05 and bP < 0.01 for lansoprazole and HEEP in intact
females vs males. cP < 0.01 and dP < 0.001 for vehicle, lansoprazole, and HEEP
in intact vs ovariectomized females. HEEP: Hydroalcoholic extract from the
leaves of Eugenia punicifolia.
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mucosa and mediates the synthesis of prostaglandins,
which regulate blood flow in the mucosa and promote
the secretion of mucus and bicarbonate. COX-2 also
plays an important role in the healing of gastric ulcers
by initiating cell proliferation, promoting angiogenesis,
[47,48]
and restoring mucosal integrity
; COX-2 inhibition is
associated with delayed healing. Upon evaluating PGE2
levels in the present model of acetic acid-induced gastric
ulcers, we found increased PGE2 levels following HEEP
or LZ treatment in male (P < 0.05 vs vehicle; Figure
4) but not female rats. This finding demonstrates the
participation of PGE2 in the healing process of gastric
ulcers in male rats treated with HEEP for 14 consecutive
days.
The injection of acetic acid into the gastric mucosa
induces the development of deep gastric ulceration
and gastric mucosal damage directly associated
with extracellular matrix degradation, in which zincdependent MMPs play a crucial role. Several animal
studies of gastric ulcers have focused on the role
[49]
of MMPs, mainly MMP-2 and MMP-9 . MMPs are
divided into several groups based on their substrate
specificity and cellular localization; such groups include
collagenases, gelatinases, stromelysins, membrane-type
[50]
MMPs, and others . MMP-2 (72 kDa) and MMP-9 (92
kDa) are gelatinases that function in wound formation
[51,52]
and subsequent healing
. Wound formation and
subsequent healing represent dynamic processes of
extracellular matrix remodeling, mainly influenced by
MMP-2 and MMP-9.
[49]
Li et al reported enhanced expression of MMP-9 in
the margin of the ulcer and suggested that this finding
may be indicative of inflammation and poor wound
healing. Our results suggest that treatment with HEEP or
LZ may inhibit MMP-9 activity, as no band corresponding
to MMP-9 was detected in males (Figure 5), intact
females (Figure 6) and OVZ females (Figure 7). This
finding may also be explained by the fact that, at 14 d
after induction with acetic acid, the ulcers were in the
slow-healing phase, whereas MMP-9 is important in the
[49]
early phase of gastric ulcer formation . Neither HEEP
nor LZ treatment affected MMP-2 activity in this model
of acetic acid-induced gastric ulcers in rats. These results
[53]
corroborate the findings of Baragi et al , namely that
the expression of MMP-2 remained constant throughout
[54]
the ulcer healing phase. Fini and Girard reported that
the expression of MMP-2 was the same in controls and in
animals injected with acetic acid, concluding that MMP-2
may not have a direct role in the formation or healing
phases of the ulcer, but rather may help in maintaining
the integrity of the matrix structure by aiding in the
proper assembly of new collagen fibrils.
Ulcer healing requires filling of the defect with cells
and connective tissue, which is accomplished by cell
migration, proliferation (mediated by EGF), apoptosis
(mediated by caspases and Bcl-2), angiogenesis
(mediated by VEGF) and remodeling (mediated by
MMPs), ultimately leading to scar formation. All of these
processes are controlled by growth factors (prostaglandins

Table 1 Organ weights following the 14-d treatment of male
rats with acetic acid-induced gastric ulcers with lansoprazole
and hydroalcoholic extract from the leaves of Eugenia

punicifolia

Treatment
Vehicle

Lansoprazole

Organ weights, g
Heart
3.15 ± 0.03
3.13 ± 0.03
Kidneys
4.81 ± 0.05
4.79 ± 0.04
Lung
3.62 ± 0.08
3.73 ± 0.10
Liver
11.56 ± 0.18
11.55 ± 0.10
Spleen
2.94 ± 0.02
2.98 ± 0.05
Biochemical parameters
Glucose, mg/dL
150.10 ± 6.04 170.90 ± 4.73a
Creatinine, mg/dL
0.34 ± 0.02
0.34 ± 0.02
Urea, mg/dL
54.75 ± 3.15
52.13 ± 1.71
< 1.0
< 1.0
γ-GT, U/L
AST, U/L
137.80 ± 18.43 163.60 ± 22.33
ALT, U/L
42.88 ± 3.55
48.88 ± 3.67

HEEP
3.14 ± 0.06
4.84 ± 0.05
3.59 ± 0.06
11.26 ± 0.13
2.99 ± 0.04
154.70 ± 3.80
0.33 ± 0.01
54.13 ± 1.94
< 1.0
144.50 ± 10.76
46.25 ± 3.09

Vehicle, lansoprazole, or HEEP was administered for 14 d after ulcer
induction. Data were collected at the end of treatment. Results are
expressed as the means ± standard error of the mean for each group
(n = 7-8). Statistical significance was determined using one-way
ANOVA followed by Dunnett's test. aP < 0.05 vs vehicle; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; γ-GT: Gammaglutamyl transpeptidase. HEEP: Hydroalcoholic extract from the leaves of
Eugenia punicifolia.

Table 2 Organ weights following the 14-d treatment of
intact female rats with acetic acid-induced gastric ulcers with
lansoprazole and hydroalcoholic extract from the leaves of

Eugenia punicifolia

Treatment
Organ weights, g
Heart
Kidneys
Lung
Liver
Spleen
Biochemical parameters
Glucose, mg/dL
Creatinine, mg/dL
Urea, mg/dL
γ-GT, U/L
AST, U/L
ALT, U/L

Vehicle

Lansoprazole

HEEP

3.43 ± 0.05
4.74 ± 0.03
4.23 ± 0.07
10.67 ± 0.14
2.56 ± 0.06

3.50 ± 0.03
4.81 ± 0.04
4.53 ± 0.06
10.90 ± 0.10
2.56 ± 0.07

3.44 ± 0.06
4.69 ± 0.06
4.01 ± 0.30
10.61 ± 0.09
2.48 ± 0.06

119.10 ± 3.27 116.90 ± 3.21 122.30 ± 3.34
0.45 ± 0.02
0.41 ± 0.02
0.45 ± 0.01
49.50 ± 3.36
53.29 ± 1.11
53.70 ± 3.20
< 1.0
< 1.0
< 1.0
202.70 ± 12.73 198.40 ± 18.84 162.10 ± 7.24
57.00 ± 3.40
60.57 ± 3.59
65.86 ± 2.79

Vehicle, lansoprazole, or HEEP was administered for 14 d after ulcer
induction. Data were collected at the end of treatment. Results are
expressed as the means ± standard error of the mean for each group (n
= 7-8). Statistical significance was determined using one-way ANOVA
followed by Dunnett's test. No significant differences vs vehicle were
noted; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
γ-GT: Gamma-glutamyl transpeptidase. HEEP: Hydroalcoholic extract
from the leaves of Eugenia punicifolia.

mucosal reconstruction by formation of granulation
tissue at the base of the ulcer, formation of new vessels,
[45]
and restoration of the glandular architecture . The
integrity of the gastric mucosa is highly dependent on the
continuous generation of prostaglandins by COX-1 and
[46]
COX-2 . COX-1 is expressed constitutively in the gastric
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treatment with HEEP or LZ in animals with gastric ulcers
induced by acetic acid (Figures 8-15). While HEEP did not
alter the levels of these proteins (P > 0.05 vs vehicle),
VEGF expression was higher in intact females than in
OVZ females treated with HEEP. On the other hand, LZ
treatment was associated with increased expression
of EGF in males and OVZ females (P < 0.05 vs
corresponding vehicle) (Figure 10). Growth factors such
as EGF activate epithelial cell migration and proliferation,
accelerating wound and ulcer healing in vivo and in
[57,37]
vitro
. The increased expression of EGF in rats treated
with LZ may reflect the ongoing healing of gastric ulcers
in these animals, with intact females having progressed
further than males and OVZ females. Since no significant
increase in EGF levels was noted in rats treated with
HEEP, we may infer that healing had progressed further
and was potentially stabilized in such rats; on the other
hand, rats treated with LZ may have experienced reexacerbation, which represents the main challenge
in the treatment of lesions in poorly vascularized and
epithelialized gastric tissue.
The results of western blotting analysis revealed
that HEEP treatment was not associated with altered
expression of cell growth and death factors at 14
d after ulcer induction, suggesting rather that the
expression levels of such factors had already normalized.
Furthermore, we found that female sex hormones
interfered with the expression of EGF, VEGF, caspase-8,
and Bcl-2 (Figures 10-12 and 15). Compared to males
and OVZ females receiving the same treatment, intact
females showed a greater healing effect, decreased
expression of EGF, apoptotic factors such as caspase-8,
and anti-apoptotic factors such as Bcl-2, as well as
increased VEGF expression.
Little is known about gender differences in the
gastrointestinal tract because the studies that correlate
anti- and pro-apoptotic protein expression with female
sex hormones in normal gastric mucosal tissue are
[58]
limited. Qin et al
shows that estrogen can induce
apoptosis in gastric cancer cells, and that Bcl-2 might be
involved in this effect.
Despite the lack of studies that provide an explanation
about the gastric healing action related to female sex
[59]
hormones, Kumtepe et al showed the beneficial effect
of acute and chronic administration of progesterone,
estrogen, FSH and LH in rat gastric tissue, indicating the
interference of the hormonal factor in this process.
In this model of acetic acid-induced gastric ulcers, we
also evaluated the safety of HEEP treatment. No deaths
or changes in body mass were noted throughout the
treatment (Figures 16). The weights of the organs were
not detrimentally affected by HEEP administration (Tables
1-3). In addition, evaluation of biochemical parameters
indicated no detrimental effect of HEEP administration
on hepatic integrity (AST, ALT, and γ-GT), renal integrity
(urea and creatinine), or glucose levels (Tables 1-3).
We found that HEEP treatment (125 mg/kg daily) did
not alter any of the biochemical parameters analyzed
(P > 0.05 vs vehicle). In addition, LZ treatment (30

Table 3 Organ weights following the 14-d treatment of
ovariectomized rats with acetic acid-induced gastric ulcers
with lansoprazole and hydroalcoholic extract from the leaves
of Eugenia punicifolia
Treatment
Vehicle

Lansoprazole

HEEP

Organ weights, g
Heart
3.35 ± 0.04
3.39 ± 0.05
3.49 ± 0.09
Kidneys
4.52 ± 0.07
4.56 ± 0.07
4.61 ± 0.05
Lung
4.28 ± 0.11
4.30 ± 0.10
4.47 ± 0.17
Liver
10.56 ± 0.16
10.61 ± 0.10
10.60 ± 0.11
Spleen
2.59 ± 0.06
2.68 ± 0.08
2.65 ± 0.05
Biochemical parameters
Glucose, mg/dL
117.30 ± 4.36 126.70 ± 4.48 119.00 ± 5.46
Creatinine, mg/dL
0.42 ± 0.00
0.43 ± 0.01
0.43 ± 0.01
Urea, mg/dL
55.08 ± 2.24
48.97 ± 1.67
55.37 ± 2.92
< 1.0
< 1.0
< 1.0
γ-GT, U/L
AST, U/L
176.80 ± 15.37 192.70 ± 14.77 191.00 ± 21.04
ALT, U/L
62.17 ± 3.68
57.57 ± 2.36
56.43 ± 1.92
Vehicle, lansoprazole, or HEEP was administered for 14 d after ulcer
induction. Data were collected at the end of treatment. Results are
expressed as the means ± standard error of the mean for each group (n
= 7-8). Statistical significance was determined using one-way ANOVA
followed by Dunnett's test. No significant differences vs vehicle were
noted; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
γ-GT: Gamma-glutamyl transpeptidase. HEEP: Hydroalcoholic extract
from the leaves of Eugenia punicifolia.

Bcl-2
26 kDa

Relative expression Bcl-2/Actin

Actin
42 kDa

a

8

Vehicle 10 mL/kg
Lansoprazole 30 mg/kg
HEEP 125 mg/kg

6
4
2
0
Males

Intact
females

Ovariectomized
females

Figure 15 Bcl-2 expression in the gastric mucosa of rats with acetic
acid-induced gastric ulcers treated with oral administration of vehicle,
lansoprazole, or hydroalcoholic extract from the leaves of Eugenia
punicifolia for 14 d. The data represent relative expression of Bcl-2 normalized
to the expression of housekeeping genes (actin). The results represent mean
± standard error of the mean for each group (n = 6). Statistical significance
was determined using one-way ANOVA followed by Dunnett's test or Student’
s t-test. aP < 0.05 for lansoprazole in intact vs ovariectomized females. HEEP:
Hydroalcoholic extract from the leaves of Eugenia punicifolia.

produced by COX-1 and COX-2), which stimulate
cell proliferation and division. At the ulcer margin, epi
thelial cells proliferate and migrate to the granulation
tissue to cover (re-epithelialize) the ulcer and initiate
[55,56]
reconstruction of the glands within the ulcer scar
.
Hence, we performed western blotting to evaluate
the expression levels of COX-1, COX-2, EGF, VEGF,
caspase-8, caspase-9, caspase-3, and Bcl-2 after 14 d of
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Figure 16 Body weight evolution in rats with acetic acid-induced gastric ulcers treated with oral administration of vehicle, lansoprazole, or hydroalcoholic
extract from the leaves of Eugenia punicifolia for 14 d. A: Male rats; B: Intact female rats; C: Ovariectomized female rats. Results are expressed as the means
of body weight (g) in each group (n = 8-10). Statistical significance was determined using one-way ANOVA followed by Dunnett's test. No statistically significant
differences were found. HEEP: Hydroalcoholic extract from the leaves of Eugenia punicifolia.
because there is an increased incidence of ulcers in menopausal women.

mg/kg daily) was associated with significantly higher
elevated serum glucose levels (P < 0.05 vs vehicle), but
[60]
within the normal reference values . According to the
Clinical Laboratory Parameters for Crl:WI (Han) Rats,
the reference values for glucose levels in male rats aged
8-16 wk range from 70-208 mg/dL. Thus, despite the
variations between the groups (LZ vs vehicle), the values
were within the normal range. Taken together, these
findings indicate that 14 d oral treatment with HEEP (125
mg/kg daily) has no subacute toxicity in male or female
(intact or OVZ) rats.
In conclusion, our findings suggest that HEEP treat
ment during 14 consecutive days can achieve the healing
of gastric ulcer lesions in all groups defined in terms of
sex (male vs female) and hormonal status (intact vs
OVZ females). This healing effect is reinforced by the
enhancement of cell proliferation and migration. The antiulcer effect of HEEP is mediated by PGE2 only in males.
Compared to OVZ females and males treated with HEEP,
intact females treated with HEEP are expected to have
improved healing (higher reduction in lesion area), higher
VEGF expression, and decreased expression of caspase-8
and Bcl-2. Finally, HEEP treatment is safe and unlikely to
exhibit subacute toxicity or cytotoxicity.

Research motivation

The conventional treatment of gastric ulcers is based on the inhibition of gastric
acid secretion. However, this therapy is associated with several side effects
and poor quality of ulcer healing. Therefore, alternative therapies are desirable.
We investigated the effects of extracts from the leaves of E. punicifolia (HEEP),
which is a medicinal plant popularly used to treat inflammation and wounds.

Research objectives

We evaluated the sex-specific effects of HEEP in the healing of gastric ulcers
induced by acetic acid in rats.

Research methods

We used a rat model of acetic acid-induced gastric ulcers to evaluate the
healing effect of HEEP. We measured prostaglandin levels, analyzed the
extracellular matrix by zymography, evaluated the quality of ulcer healing by
western blot, and assessed the healing activity by scratch assay. Subacute
toxicity (in vivo) and cytotoxicity (in vitro) were also investigated.

Research results

HEEP demonstrated a high healing capacity, with substantial reduction of lesion
area in all groups studied (males, intact females, ovariectomized females).
HEEP accelerated the healing of gastric lesions, and this effect was modulated
by female sex hormones. The curative role of HEEP is due to an increase
in PGE2 (only in males), as well as an inhibition (MMP-9) and maintenance
(MMP-2) of the extracellular matrix in the gastric mucosa. The HEEP healing
properties were also confirmed by the enhancement of proliferation and
coverage of scratched wounds in a fibroblast monolayer (in vitro). No sign of
toxicity was observed in this study.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Research conclusions

Gastric ulcers refer to acid injury in the digestive tract, resulting in a mucosal break
that reaches to the submucosal layer. Acid peptic disorders are very common
in the United States, with four million individuals (new cases and recurrences)
affected per year. This disease occurs more often in men than in women, but
these sex differences are less pronounced after the age of 45 years, probably
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This was the first study to prove the healing activity of HEEP in acetic acidinduced gastric ulcers for both sexes (males vs females) and irrespective of
hormonal status (cycling vs ovariectomized females). This effect is modulated
by female sex hormones. The curative effect of HEEP is also mediated
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by prostaglandin, the remodeling of the extracellular matrix, and both cell
proliferation and migration in the gastric mucosa. Additionally, HEEP does not
cause subacute toxicity or cytotoxicity.

13
14

Research perspectives

The present findings support the popular use of E. punicifolia in the treatment
of gastrointestinal ulcers, and contribute to the search for new therapies for
diseases of the gastrointestinal tract.
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Abstract
AIM
To determine appropriate fecal calprotectin cut-off values
for the prediction of endoscopic and histologic remission
in Japanese patients with ulcerative colitis (UC).

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the Iwate Medical
University Hospital.
Informed consent statement: Patients were not required to
give informed consent as this is a retrospective study.

METHODS
We performed a cross-sectional observational study of
131 Japanese patients with UC and measured fecal cal
protectin levels by fluorescence enzyme immunoassay.
The clinical activity of UC was assessed with the partial
Mayo score (PMS). Relapse was defined as increase of

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
Data sharing statement: No additional data are available.
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PMS by 2 points or more in stool frequency or rectal
bleeding subscore. The endoscopic and histologic activities
of UC were evaluated in 50 patients within a 2-mo period
from fecal sampling. Endoscopic activity was determined
by Mayo endoscopic subscore, Rachmilewitz endoscopic
index, and ulcerative colitis endoscopic index of severity.
The histologic grade of inflammation was evaluated with
biopsy specimens obtained from the endoscopically most
severely inflamed site, according to the scheme by Matts
grade and Riley’s score.

INTRODUCTION
Ulcerative colitis (UC) is an idiopathic chronic inflam
matory disorder of the large intestine characterized
by recurrent periods of clinical remission and disease
relapse. In recent years, mucosal healing (MH) has been
considered as an important therapeutic goal in inflam
[1-7]
matory bowel diseases . Achieving MH is associated
with lower relapse rates, hospitalization rates, and surgery
requirements. MH is often defined as a combination of
clinical remission and endoscopic remission. However,
histologic recovery is incomplete, even in patients with
[8-11]
UC who achieve clinical and endoscopic remission
.
Several reports have suggested that persistent active
microscopic inflammation is associated with an increased
[10-12]
risk of relapse
. In addition, the severity of such
histologic inflammation is an important risk factor for
[4,13,14]
colorectal neoplasia
. Hence, histologic remission
should be an important goal in the management of UC.
Calprotectin is a calcium and zinc-binding protein
produced mainly by neutrophils. It has been reported that
fecal calprotectin (FC) levels reflect local inflammation
of the gastrointestinal tract. The FC level has been re
ported as a reliable surrogate marker of endoscopic
[15-19]
and histologic activity in UC
. However, appropriate
FC cut-off values for the prediction of endoscopic and
histologic remission remain to be established in Japanese
patients with UC.
The aim of the present study was to determine ap
propriate FC cut-off values for predicting endoscopic and
histologic remission in Japanese patients with UC.

RESULTS
Fecal calprotectin levels varied from 1-20783 μg/g.
There was a significant correlation between the partial
Mayo score and fecal calprotectin levels (r = 0.548, P <
0.001). In 50 patients who underwent colonoscopy with
biopsy, levels were significantly correlated with the Mayo
endoscopic subscore (r = 0.574, P < 0.001), Rachmilewitz
endoscopic index (r = 0.628, P < 0.001), ulcerative colitis
endoscopic index of severity (r = 0.613, P < 0.001), Riley’
s histologic score (r = 0.400, P = 0.006), and Matts grade
(r = 0.586, P < 0.001). Receiver-operating characteristic
analyses identified the best cut-off value for the prediction
of endoscopic remission as 288 μg/g, with an area under
the curve of 0.777 or 0.823, while that for histologic
remission was 123 or 125 μg/g, with an AUC of 0.881 or
0918, respectively. Of the 131 study patients, 88 patients
in clinical remission were followed up 6 mo. During the
follow-up period, 19 patients relapsed. The best fecal cal
protectin cut-off value for predicting relapse was 175 μg/g.
CONCLUSION
Fecal calprotectin is a predictive biomarker for endoscopic
and histologic remission in Japanese patients with UC.

MATERIALS AND METHODS

Key words: Ulcerative colitis; Remission; Mucosal healing;
Colonoscopy; Histology; Biomarker; Feces; Calprotectin

Patients

This was a cross-sectional observational study of 131
Japanese patients with UC for measurement of FC during
the period from December 2015 to July 2017. All patients
were recruited at the Division of Gastroenterology,
Iwate Medical University Hospital, Morioka, Japan.
The diagnosis of UC was based on established clinical,
endoscopic, radiological, and histological criteria. Type
of UC was classified into total colitis, left-sided colitis,
proctitis and segmental colitis. Segmental colitis was
regarded as a disease with typical mucosal lesion
without rectal involvement[20]. Blood samples were col
lected for the measurement of white blood cell (WBC)
counts, hemoglobin levels, platelet counts, erythrocyte
sedimentation rate (ESR), serum albumin levels, and
C-reactive protein (CRP) levels within a week from FC
measurement.
The clinical activity of UC was assessed with the partial
[21]
Mayo score (PMS) ; clinical remission was defined as a
PMS of 0 without rectal bleeding and no requirement for
steroid therapy in the previous 3 mo. Exclusion criteria
were presence of infectious enterocolitis, colorectal can
cer, Crohn’s disease, or indeterminate colitis; inability to
collect fecal samples; pregnancy, history of colorectal

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In recent years, fecal calprotectin (FC) has
been reported as a reliable surrogate marker for clinical,
endoscopic and histologic activity in ulcerative colitis
(UC). The aim of the present study was to determine
appropriate FC cut-off values measured by fluorescence
enzyme immunoassay (FEI) for predicting endoscopic and
histologic remission in Japanese patients with UC. The
best FC cut-off values predictive of histologic remission
were 125 μg/g for Riley histologic score and 123 μg/g for
Matts histologic grade. FC measured by FEI is a useful
biomarker for predicting histologic remission in UC.
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resection, or regular intake of aspirin/non-steroidal antiinflammatory drugs (NSAIDs), defined as ≥ 2 tablets/
week.

Chicago, IL, United States). Numerical variables are
presented as the median and interquartile range (IQR),
while categorical variables are presented as frequencies.
Associations between FC levels and blood tests, clinical
disease activity, endoscopic activity or histologic activity
were evaluated with the Spearman’s rank sum test. A
receiver-operating characteristic (ROC) curve was drawn
to estimate the area under the curve (AUC) and the
best cut-off levels for FC to predict relapse and clinical,
endoscopic, and histological remission. According to
the cut-off levels, test significance, including sensitivity,
specificity, positive-predictive value, positive likelihood
ratio, and accuracy were calculated. Associations be
tween FC and other markers were examined by logistic
regression analyses. Clinical characteristics were com
pared between relapsed patients and non-relapsed
patients. Age and laboratory data were compared with
the Wilcoxon test. Frequency by gender and medication
were compared with the chi-square test. The types of
disease extent were compared with the Kruskal-Wallis
test. Relapse rate was compared between any two
groups using Cox proportional hazard model. In each
analysis, P values < 0.05 were considered statistically
significant.

Definition of relapse

Of the 131 study patients with UC, 88 were in clinical
remission (PMS = 0), and they were followed for a
6-mo period. Relapse was defined as increased stool
frequency or rectal bleeding by a PMS increase of more
than 2 points. Three patients who self-discontinued their
medication were excluded.

FC assay

Stool samples were obtained on the morning of the
scheduled day by patients themselves and stored at
-20 ℃ until assay. FC was measured in a blind manner
regarding the clinical and endoscopic profile, with a
™
fluorescence enzyme immunoassay (FEI) (Phadia EliA
Calprotectin 2).

Endoscopic and histological assessment

The endoscopic and histologic activity of UC were eva
luated in 50 patients within a 2-mo period from fecal
sampling. Because of the retrospective nature of the
study, the indication for colonoscopy was heterogeneous
among the study population. However, at least a single
biopsy specimen was routinely obtained from the area
of the most severe inflammation in subjects with active
disease and from the rectum in subjects in remission.
Endoscopic activity was determined by Mayo endo
scopic subscore (MES), Rachmilewitz endoscopic index
(REI), and ulcerative colitis endoscopy index of severity
[21-23]
(UCEIS)
. Endoscopic remission was defined as
MES = 0, REI = 0, and UCEIS = 0. The histologic grade
of inflammation was determined in biopsy specimens
obtained from the endoscopically most severely inflamed
site according to the scheme reported by Matts grade
[24,25]
and Riley (Riley’s score)
. For Riley’s score, biopsy
specimens were evaluated on a 5-point scale to mea
sure the degree of chronic inflammatory cell infiltrate
[25]
and tissue destruction . The histologic grade was
determined by a pathologist (TS), who was completely
blinded to the endoscopic findings and FC levels. Histo
logic remission was defined as Matts grade = 1 and Riley’
s score = 0. Four cases in which histological evaluation
was difficult or biopsy samples were taken from inap
propriate sites were excluded.

RESULTS
Baseline demographic characteristics of the study
patients

The baseline demographic characteristics of the 131
patients included in the study are shown in Table 1. The
median age was 41 (IQR 28-52) years, and 67 (51.1%)
patients were male. The median duration of UC was 3.6
(IQR 2-10.1) years. Regarding disease extent, total colitis
was seen in 76 (58.0%) patients, left-sided colitis in 24
(18.3%), proctitis in 29 (22.2%), and segmental colitis
in 2 (1.5%). Among all 131 patients, FC levels varied
from 1 to 20783 μg/g. The median FC level was 289
(IQR 78-785) μg/g. In most patients, medical treatment
was administered; 112 patients were receiving oral
mesalazine, 47 were receiving immunomodulators, 21
were receiving anti-tumor necrosis factor-α, and 17 were
receiving a corticosteroid.

Association between fecal calprotectin levels and blood
test results

The level of FC was correlated with the levels of CRP
(Spearman’s rank correlation coefficient r = 0.467, P <
0.001), ESR (r = 0.355, P = 0.0003), serum albumin
(r = -0.447, P < 0.001), hemoglobin (r = -0.353, P =
0.0002), and platelets (r = 0.300, P = 0.0018), but not
with WBC counts (r = 0.157, P = 0.104).

Ethical considerations

The study protocol was approved by the Ethics Com
mittee at Iwate Medical University Hospital (H29-172),
and the study was conducted in accordance with the
th
Helsinki Declaration (6 revision, 2008).

Association between fecal calprotectin levels and
clinical, endoscopic, or histologic activity

Statistical analysis

All of the statistical analyses were performed with the
JMP® 13 (SAS Institute Inc., Cary, NC, United States)
and SPSS version 22 software for MAC OS (SPSS Inc.,
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When the clinical disease activity in all 131 patients was
compared based on the PMS and FC level, a positive
correlation was found between the FC level and the
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logically, FC levels increased with increasing histologic
inflammatory activity by both Matts grade (r = 0.586,
P < 0.001), and Riley’s score (r = 0.400, P = 0.006).
For predicting histologic remission, the best FC cut-off
values were 125 μg/g for the Riley score (AUC: 0.881;
95%CI: 0.780-0.981) and 123 μg/g for the Matts grade
(AUC: 0.918; 95%CI: 0.831-1.000) (Figure 2A and B).
A logistic regression analysis revealed that FC was a
single and independent factor associated with histologic
remission defined as Matts grade = 1 (P = 0.005).

Table 1 Baseline characteristics of the 131 study patients n
(%)
n

Parameter
Age, yr, median (IQR)
Man/female
Disease duration, yr, median (IQR)
Actual disease extent
Proctitis
Left-sided colitis
Total colitis
Segmental colitis
Partial Mayo score
<2
2-4
5-7
>7
Laboratory data
WBC, /μL, median (IQR)
CRP, mg/dL, median (IQR)
ESR, mm/h, median (IQR)
Albumin, g/dL, median (IQR)
Hemoglobin, g/dL, median (IQR)
Platelets, × 1000/μL, median (IQR)
FC, μg/g, median (IQR)
Medication
Mesalazine, oral
Mesalazine, topical
Immunomodulators
Anti-TNF
Corticosteroids

41 (28-52)
67/64
3.6 (2.0-10.1)
29 (22.2)
24 (18.3)
76 (58.0)
2 (1.5)

Association between fecal calprotectin levels and
relapse

93 (71.0)
28 (21.4)
8 (6.1)
2 (1.5)

Of the 131 study patients, 88 patients in clinical remis
sion (PMS = 0) were followed up. During the 6-mo period
after FC measurement, 19 (21.6%) of the 88 patients
experienced a relapse of UC. Clinical characteristics of
the relapsed and non-relapsed patients are compared
in Table 2. Medication with oral mesalazine was more
frequent in non-relapsed patients than in relapsed pa
tients (P = 0.03). The ROC analysis estimated a FC cutoff value of 175 μg/g (AUC: 0.648; 95%CI: 0.517-0.778)
for predicting relapse, with a sensitivity of 68% and a
specificity of 61% (Figure 3). However, Cox proportional
hazard model revealed that neither FC nor other covariables was an independent predictive factor for clinical
relapse within 6-mo period.
Table 3 summarizes the performance of FC levels
using the appropriate cut-off values in our cohort of
patients with UC.

6525 (4838-8140)
0.1 (0.04-0.20)
7 (4-11)
4.3 (4.0-4.6)
13.6 (12.1-14.3)
268 (190-320)
289 (78-785)
112 (85.5)
12 (9.2)
47 (35.9)
21 (16.0)
17 (13.0)

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FC: Fecal
calprotectin; IQR: Interquartile range; TNF: Tumor necrosis factor; WBC:
White blood cell.

grade of clinical activity (r = 0.548, P < 0.001). The best
FC cut-off value was calculated to be 289 μg/g (AUC:
0.796; 95%CI: 0.714-0.878) for predicting clinical re
mission determined by PMS with a sensitivity of 72% and
a specificity of 84%.
The correlation between endoscopic activity and FC
could be examined in 50 subjects. The indication for
colonoscopy was clinically active disease or exacerbation
of clinical symptoms in 14 subjects, assessment of
therapeutic efficacy in 12 subjects, and surveillance for
colorectal cancer in 24 subjects. Among those subjects,
FC levels increased along with increasing severity of
endoscopic activity evaluated by MES (r = 0.574, P <
0.001), REI (r = 0.628, P < 0.001), and UCEIS (r = 0.613,
P < 0.001). For predicting endoscopic remission, the best
FC cut-off value was 490 μg/g for the MES (AUC: 0.823;
95%CI: 0.707-0.939) with a sensitivity of 100% and a
specificity of 62% (Figure 1A), while it was 288 μg/g for
both the REI (AUC: 0.780; 95%CI: 0.658-0.903) and the
UCEIS (AUC: 0.777; 95%CI: 0.645-0.909) (Figure 1B
and C). A logistic regression analysis including FC, CRP,
WBC, ESR and platelet count as co-variables revealed
that there was not a statistically significant correlation
between FC and endoscopic remission defined as UCEIS
= 0.
Biopsy specimens were obtained from 46 patients
during colonoscopy. Among 46 subjects evaluated histo

WJG|www.wjgnet.com

DISCUSSION
In the present study, we investigated the association
between FC levels and laboratory data and clinical,
endoscopic, and histologic disease activity and risk of
relapse. The results showed that FC was closely related
to the laboratory data (CRP, ESR, serum albumin, hemo
globin, platelets) and to the clinical, endoscopic and
histologic disease activity. While FC has been measured
with enzyme-linked immunosorbent assays (ELISAs) in
[15,17-19]
previous investigations
, we measured FC levels
with a FEI in the present study. Even though FC mea
sured by FEI has been shown to be an appropriate
[16,26,27]
marker for patients with UC
, it has also been con
firmed that measurement by FEI results in a wide range
of the test value when compared to measurement by
[27]
ELISA . We thus presume that high cut-off values of
FC as found in our study may be a consequence of FEI
measurement.
Based on the interpretations of the ROCs, we ob
tained FC cut-off levels of 289 μg/g for predicting clinical
remission, and 288 or 490 μg/g to predict endoscopic
remission. The FC cut-off value for MES (490 μg/g) was
higher than that for REI and UCEIS (288 μg/g). This is
probably because the numbers of evaluated items are
greater with the REI and UCEIS than with the MES. We
obtained the FC cut-off levels of 123 μg/g and 125 μg/g
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Figure 1 Receiver-operating characteristic curves for fecal calprotectin levels to predict endoscopic remission of ulcerative colitis (n = 50). A: ROC for FC
levels in predicting remission by Mayo endoscopic subscore. The AUC was 0.823, 95%CI: 0.707-0.939. The best cut-off value of FC was 490 μg/g, with a sensitivity of
100% and a specificity of 62%; B: ROC for FC in predicting remission by the Rachmilewitz endoscopic index. The AUC was 0.780, 95%CI: 0.658-0.903. The best cutoff value of FC was 288 μg/g, with a sensitivity of 100% and a specificity of 70%; C: ROC for FC level in predicting remission by the ulcerative colitis endoscopy index
of severity. The AUC was 0.777, 95%CI: 0.645-0.909. The best cut-off value of FC was 288 μg/g, with a sensitivity of 88% and a specificity of 71%. ROC: Receiveroperating characteristic; FC: Fecal calprotectin; AUC: Area under the curve.
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Figure 2 Receiver-operating characteristic curves for fecal calprotectin levels in predicting the histologic remission of ulcerative colitis (n = 46). A: ROC
for FC in predicting remission by Riley’s score. The AUC was 0.881, 95CI: 0.780-0.981. The best cut-off value of FC was 125 μg/g, with a sensitivity of 80% and a
specificity of 86%; B: ROC for FC in predicting remission by Matts grade. The AUC was 0.918, 95%CI: 0.831-1.000. The best cut-off value of FC was 123 μg/g, with a
sensitivity of 88% and a specificity of 87%. ROC: Receiver-operating characteristic; FC: Fecal calprotectin; AUC: Area under the curve.
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Table 2 Clinical characteristics of relapsed and non-relapsed patients n (%)
Parameter
Age, yr, median (IQR)
Male/female
Actual disease extent
Proctitis
Left-sided colitis
Total colitis
Segmental colitis
Laboratory data
WBC, /μL, median (IQR)
CRP, mg/dL, median (IQR)
ESR, mm/h, median (IQR)
Albumin, g/dL, median (IQR)
Hemoglobin, g/dL, median (IQR)
Platelets, × 1000/μL, median (IQR)
FC, μg/g, median (IQR)
Medication
Mesalazine, oral
Mesalazine, topical
Immunomodulators
Anti-TNF
Corticosteroids

Relapsed patients (n = 19)

Non-relapsed patients (n = 69)

P value

35 (23-53)
6/13

40 (29-52)
37/32

0.26
0.08

5 (26.3)
1 (5.3)
13 (68.4)
0 (0)

18 (26.1)
12 (17.4)
38 (55.1)
1 (1.4)

0.53

6130 (5110-7745)
0.05 (0.01-0.10)
6 (4-8)
4.4 (4.3-4.6)
13.3 (12.3-14.4)
238 (214-339)
303 (94-846)

5585 (4640-7013)
0.1 (0.04-0.14)
5 (3.0-10.0)
4.4 (4.1-4.6)
13.9 (12.6-14.9)
256 (213-294)
126 (55.5-485)

0.48
0.05
0.69
0.75
0.25
0.92
0.05

14 (73.7)
1 (5.3)
6 (31.6)
4 (21.1)
3 (15.8)

64 (92.8)
3 (4.3)
18 (26.1)
12 (17.4)
5 (7.2)

0.03
0.87
0.98
0.71
0.28

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FC: Fecal calprotectin; IQR: Interquartile range; TNF: Tumor necrosis factor; WBC: White
blood cell.

Table 3 Test characteristics of fecal calprotectin levels to predict relapse and remission
Variable
Relapse
PMS 0
MES 0
REI 0
UCEIS 0
Riley’s score 0
Matts grade 1

Cut-off value (μg/g)

AUC

95%CI

175
289
490
288
288
125
123

0.648
0.796
0.823
0.78
0.777
0.881
0.918

0.517-0.778
0.714-0.878
0.707-0.939
0.658-0.903
0.645-0.909
0.780-0.981
0.831-1.000

Sensitivity (%) Specificity(%)
68
72
100
100
88
80
88

61
84
62
70
71
86
87

PPV (%)

PLR

Accuracy (%)

33
88
42
32
37
62
58

1.75
4.48
2.6
3.38
3.06
5.76
6.65

63
76
70
74
74
85
87

AUC: Area under the curve; CI: Confidence interval; PPV: Positive-predictive value; PLR: Positive likelihood ratio; PMS: Partial Mayo score; MES: Mayo
endoscopic subscore; REI: Rachmilewitz endoscopic index; UCEIS: Ulcerative colitis endoscopic index of severity.

determined FC values were close to each other, and the
evaluation ability is considered nearly equivalent.
The therapeutic goal for patients with UC has recently
shifted from symptom control to the combination of en
doscopic and histologic remission with MH, because this
has been found to be a better predictor of long-term
remission and prevention of the need for hospitalizations
[1-7]
and surgeries . Previous studies showed that patients
with a MES value of 1 are more likely to relapse and they
[28,29]
are prone to colectomy than those with a MES of 0
.
Further, achieving histological remission better predicts
[30]
corticosteroid use and hospitalization . Several previous
studies reported that microscopic inflammation persists
[31,32]
in some patients with endoscopic MH
. In the present
study, we found that about 50% of patients had residual
inflammation in the mucosa (Matts grade ≥ 2) despite
having been judged to be in endoscopic remission
(UCEIS = 0). Accordingly, histological remission seems
[33]
more important as a rational therapeutic target .
Previous studies reported the cut-off levels FC to range
[15,17,34-38]
from 60-200 μg/g for histological remission
. We
found that a lower FC cut-off value predicted histological

1.00
0.90
0.80
0.70
0.60

Sensitivity 0.50
0.40
0.30
0.20
0.10
0.00
0.00        0.10    0.20     0.30     0.40        0.50          0.60      0.70         0.80    0.90         1.00

1-Specificity

Figure 3 Receiver-operating characteristic curve for fecal calprotectin
levels to predict relapse at the six-month follow-up assessment (AUC:
0.648; 95%CI: 0.517-0.778). The best cut-off value was 175 μg/g, with a
sensitivity of 68% and a specificity of 61%. AUC: Area under the curve.

to predict histologic remission, as determined by the
Matts grade and Riley score, respectively. Both of the
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Research methods

remission rather than clinical and endoscopic remission.
Furthermore, logistic regression analyses revealed that
FC was an independent factor associated with histological
remission. While recent treat-to-target concept for UC
itemized that either histology or FC is not a target for the
treatment of UC, they are regarded as being adjunctive
[39]
for the management of UC . Our observation suggests
that a simple measurement of FC is a substantial alter
native for the evaluation of histologic severity of UC.
In our study, the FC cut-off value for prediction of
relapse in UC was determined to be 175 μg/g. However,
sensitivity and specificity for the prediction of relapse
were less than 70%, and AUC for the prediction was
less than 0.7. In addition, a multivariate analysis failed
to identify FC as a predictive factor for clinical relapse.
This observation does not conform to previous reports
showing the accuracy of FC for the prediction of relapse
[19,34,35,40]
in UC
. In our study population, however, the
overall rate of relapse was high with a value of 14%. In
addition, colonoscopy was not performed at the time
when PMS was found to be zero. Therefore, it seems
possible that we recruited subjects without mucosal
healing, thus being prone to relapse, for the analysis.
Several limitations of this study should be acknow
ledged. First, our cross-sectional study design makes
it possible to observe associations at a specific time
point, but gives no information about longitudinal cli
nical end points, such as the prognostic value of FC.
Second, we assessed endoscopic and histological activity
by sigmoidoscopy or total colonoscopy. However, the
original endoscopic items of the Mayo scoring system
[21]
were evaluated by sigmoidoscopy . In the case of
sigmoidoscopy, the FC levels may have been affected by
the degree of proximal colonic inflammation. Third, the
clinical disease condition of the patients at the time of
stool sampling varied. Finally, the study was performed at
a single center and involved a limited number of patients.
In conclusion, our analysis indicates that FC mea
sured by FEI is a useful biomarker in Japanese patients
with UC. It is considered appropriate for the prediction
of mucosal lesions and histologic activity rather than
clinical activity of UC. However, the appropriateness of
FC measured by FEI for the prediction of relapse of UC
awaits further elucidation.

We performed a retrospective study of Japanese patients with UC for
measurement of FC that was measured by fluorescence enzyme immunoassay
(FEI). We analyzed the relationship between FC and laboratory data, clinical
activity, endoscopic score (Mayo endoscopic subscore: MES, Rachmilwitz
endoscopic index: REI, ulcerative colitis endoscopic index of severity: UCEIS
and histologic score (Matts grade, Riley’s histologic score).

Research results

In 131 patients, there was a statistically significant correlation between PMS
and FC (P < 0.001). FC levels were significantly correlated with the MES (P
< 0.001), REI (P < 0.001), UCEIS (P < 0.001), Riley’s histologic score (P =
0.006), and Matts grade (P < 0.001). Receiver-operating characteristic analyses
identified the best cut-off value for the prediction of endoscopic remission as
288 μg/g, with an area under the curve (AUC) of 0.777 or 0.823, while that for
histologic remission was 123 or 125 μg/g or 125 μg/g, with an AUC of 0.881 or
0.918.

Research conclusions

FC measured by FEI is considered a predictive biomarker for endoscopic and
histologic remission in Japanese patients with UC.

Research perspectives

Our study showed that FC was useful biomarker for prediction of endoscopic
and histologic activity. This research was a retrospective study, which is the
maximum limitation. Further prospective studies are needed to confirm the
reproducibility of the results of this research.
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AIM
To study liver stiffness (LS) during pregnancy and its
association with complications during pregnancy.
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METHODS
In this observational, diagnostic study, 537 pregnant
women were prospectively enrolled at the Department
of Obstetrics and Gynecology, University hospital
Heidelberg and Salem Medical Center. LS was measured
using the Fibroscan device (Echosens, Paris) in all
women and in 41 cases 24 h after delivery. Clinical
and morphological data were recorded and abdominal
ultrasound and standard laboratory tests were
performed. No complications were observed in 475
women (controls) while preeclampsia and intrahepatic
cholestasis of pregnancy (ICP) developed in 22 and 40
women, respectively.

Ammon FJ, Kohlhaas A, Elshaarawy O, Mueller J, Bruckner T,
Sohn C, Fluhr G, Fluhr H, Mueller S. Liver stiffness reversibly
increases during pregnancy and independently predicts
preeclampsia. World J Gastroenterol 2018; 24(38): 4393-4402
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i38/4393.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i38.4393

INTRODUCTION
Over the last decades, maternal mortality has been
drastically lowered in developed countries remaining
now stable at a level of approximately 1 death per
[1]
4000 deliveries . However, apart from postpartal
bleeding and embolic complications, hypertension and
preeclampsia remain the leading causes of maternal
[2,3]
morbidity and mortality . In total, up to 3 % of all
pregnancies are complicated by liver disorders which
can be related or unrelated to pregnancy and can have
[4-6]
a high maternal and perinatal mortality . Despite
enormous research activities in the last decades, still
little is known about the pathogenesis and efficient
[7]
treatment options of pregnancy- related liver diseases .
Except hyperemesis gravidarum, most of the hepatic
complications such as hemolysis, elevated liver enzymes
and low platelets (HELLP) syndrome and intrahepatic
cholestasis of pregnancy (ICP) typically occur in the
[8,9]
third trimester .
So far, rapid delivery is often the only choice to prevent
[10]
life-threatening complications in mother and child .
At present, obstetricians routinely monitor laboratory
markers such as aspartate transaminase (AST), alanine
transaminase (ALT) and gamma-glutamyltransferase
(GGT). Liver sonography is only performed if abnormalities
are found. However, these routine tests provide limited
information in predicting severe complications during
[11]
pregnancy . Moreover, no established screening tests
exist for an early risk assessment of most of these
[11,12]
pregnancy complications
.
Over the last decade, liver stiffness (LS) as measured
by transient elastography (TE) has become the preferred
[13-15]
parameter to non-invasively assess liver fibrosis
. TE
does not require dedicated ultrasound knowledge and
[16]
has a fast learning curve . In contrast to liver biopsy,
TE is not only non-invasive but has a 10 times smaller
sampling error (3% vs 30%) and a better inter-observer
[15,17]
reliability rendering it ideal for follow-up studies
.
While a physiological low LS below 6 kPa has an excellent
predictive power to rule out fibrosis, several studies in
adults have demonstrated an elevated LS in the absence
[15,18-21]
of fibrosis
by conditions such as inflammation,
cholestasis, congestion, elevated arterial pressure e.g.
during exercise, rapid changes of the portal flow and
[22-26]
food and alcohol intake
. Taken these observations
together, LS seems to represent the sum of fibrosis and
pressure-related factors being determined by the hepatic

RESULTS
In controls, LS increased significantly from initially
4.5 ± 1.2 kPa in the second trimester to 6.0 ± 2.3
kPa (P < 0.001) in the third trimester. In the third
trimester, 41% of women had a LS higher than 6 kPa.
Elevated LS in controls was significantly correlated
with alkaline phosphatase, leukocytes, gestational age
and an increase in body weight and body mass index
(BMI). In women with pregnancy complications, LS
was significantly higher as compared to controls (P <
0.0001). Moreover, in multivariate analysis, LS was an
independent predictor for preeclampsia with an odds
ratio of 2.05 (1.27-3.31) and a cut-off value of 7.6 kPa.
In contrast, ICP could not be predicted by LS. Finally, LS
rapidly decreased in all women within 24 h after delivery
from 7.2 ± 3.3 kPa down to 4.9 ± 2.2 kPa (P < 0.001).
CONCLUSION
During pregnancy, LS significantly and reversibly
increases in the final trimester of pregnant women
without complications. In women with preeclampsia,
LS is significantly elevated and an independent noninvasive predictor.
Key words: Pregnancy; Transient elastography; Liver
stiffness; Pregnancy complications; Hemolysis, elevated
liver enzymes and low platelets syndrome; Intrahepatic
cholestasis of pregnancy; Preeclampsia
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver stiffness (LS) was measured by transient
elastography during pregnancy in 537 healthy pregnant
women without complications and in 62 women with
pregnancy complications such as preeclampsia or
intrahepatic cholestasis of pregnancy. Our results show
that LS increases during pregnancy to levels above 6
kPa even in women without pregnancy complications
and rapidly normalizes within 24 h after delivery. LS was
significantly elevated in women with preeclampsia and,
moreover, an independent predictor for preeclampsia in
multivariate analysis. In conclusion, LS could be a novel
non-invasive screening parameter to identify pregnant
women at risk for complications of pregnancy.
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Preeclampsia
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n = 41 after delivery

Figure 1 Study design. ICP: Intrahepatic cholestasis of pregnancy.
[15,27]

inflow and outflow balance
. In a preliminary study,
we had recently demonstrated a significant elevation of
LS during the third trimester and a rapid normalization in
[28]
four cases after delivery .
We here present the final prospective data of LS in
a large cohort of pregnant women using Fibroscan with
the aim to investigate evolution of LS during pregnancy
in healthy pregnant women and the association
of LS to pregnancy complications. In addition, the
performance of Fibroscan and its potential association
with complications of pregnancy such as preeclampsia
and ICP was studied. Our extended study confirms that
LS is significantly elevated during the final trimester
in women with uncomplicated pregnancy and rapidly
normalizes after delivery. We further demonstrate,
however, that LS is significantly elevated in patients
with preeclampsia being an independent predictor of
this complication.

was to check whether LS is elevated in women with
pregnancy-related complications such as preeclampsia
or ICP and to analyze the associated conditions. Third,
we studied the response of elevated LS directly 24 h
after delivery.
Women were either recruited while undergoing
prenatal ultrasound screening during gestational week
12 to 33 or presented to the prenatal outpatient’s
department with prenatal complications or abnormalities
from gestational week 16 to 42.
Postpartum examination (n = 41) took place 24
h after delivery. For every participant of the study
general data i.e. weight and age as well as obstetric
and hepatic medical history were obtained in form of a
personal interview. The 571 participants were recruited
at the Department of Gynecology at the University of
Heidelberg (n = 468) and at Salem Medical Center in
Heidelberg (n = 103). Inclusion criteria were age ≥ 18
years, informed and written consent by the participant
and an intact pregnancy at week 9 to 42 or status
postpartum (see Figure 1). Exclusion criteria were
presence of chronic liver disease either by the patient`s
history and in addition by ruling out serum markers
with evidence for viral hepatitis, autoimmune hepatitis,
hemochromatosis or Wilson’s disease. In addition, a
normal routine laboratory tests before pregnancy and
alcohol consumption less than 20 g/d were required.
Fatty liver in the ultrasound was no exclusion criterium
per se. Gynecological exclusion criteria included fatal
abnormalities of the fetus or patients being in labor
and maternal drug abuse. Patients were also excluded
if data were not complete. Altogether, 34 women were
excluded with evidence for preexisting liver disease in
the majority of cases (see Figure 1).

MATERIALS AND METHODS
The study protocol (435/2006 and S201/2015) was
reviewed and approved by the local Ethics Committee
and all patients gave written informed consent prior to
inclusion. The study conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

Prospective patient cohort

Figure 1 shows the study design. Three study aims
were pursued: The primary aim was to measure LS in
pregnant women with normal pregnancy and without
preexisting liver disease. Here, we also studied the
performance of both M and XL probes in order to obtain
valid LS measurements and potential confounders that
are correlated with an elevated LS. The second aim
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Patients were considered as control group if no
complications occurred and delivery was normal during
follow-up. Preeclampsia (hypertonia during pregnancy
and proteinuria > 300 mg per day) and ICP (elevated
bile acids > 10 µmol/L and pruritus or bile acids >
[6]
40 µmol/L) according to standard guidelines were
considered as complications of pregnancy. Very rare
complications such as Acute Fatty Liver of Pregnancy
were not diagnosed during the inclusion period. Two
cases of HELLP syndrome were excluded since LS
could not be determined reliably due to intrahepatic
hematoma.

RESULTS
Patient characteristics

Out of 571 screened pregnant women, 34 were excluded
either due to preexisting liver disease, insufficient
information prior to pregnancy or other more rare
exclusion criteria (Figure 1). Upon delivery and complete
follow-up, the remaining 537 patients were stratified
into a control group with uncomplicated pregnancies (n
= 475, 88%), preeclampsia (n = 22, 4.5%) and ICP (n
= 40, 7.4%). Table 1 shows the patient characteristics of
the three different groups. Mean duration of pregnancy
at date of LS measurement was 192 ± 67 d, 169 ±
59 d and 237 ± 18 d in controls, preeclampsia and
ICP, respectively. Transaminase levels and LS values
were significantly higher in both preeclampsia and
ICP groups. Both groups also had a higher degree of
steatosis as measured by ultrasound which could not be
confirmed using the CAP parameter. Of note, women
with preeclampsia had a significantly enlarged spleen
and a higher mean arterial pressure (MAP) while body
mass index (BMI) and levels of arterial pressure (AP)
were higher in the ICP group. Taken together, important
differences were observed with regard to LS between all
three groups.

Laboratory parameters

Blood tests on liver enzymes, bile acids, common
electrolytes, coagulation and blood count were performed
by the general laboratory of the University Hospital
Heidelberg at the same day of TE measurement.

TE and transabdominal ultrasound

LS and controlled attenuation parameter (CAP) were
measured by transient elastography (Fibroscan,
Echosens, Paris, France) using both the M and XL
probes according to the manufacturer’s specifications
in fasting conditions for no less than two hours. Briefly,
TE was performed by physicians with at least 12 mo
of experience in abdominal ultrasound and TE on the
right lobe of the liver in intercostal position according to
[26]
established protocols . The LS values represent the
median values of at least 10 consecutive measurements
together with the corresponding IQR. LS data obtained
by the XL probe was adjusted and standardized to M
[29]
probe data according to previous findings . In addition,
liver size, spleen size, degree of hepatic steatosis (0-3),
diameter of the vena cava inferior (VCI) and skin-to-liver
capsule distance (SCD) were assessed by abdominal
ultrasound.

Performance of LS measurements

In all women, 10 successful measurements could be
obtained. While 90.9% of women could be measured
with the M-probe, all women were measurable with the
XL-probe. Failure to measure LS with the M probe was
related to a skin capsule difference > 2.4 cm or a BMI
2
> 33.5 kg/m (data not shown) while skin liver capsule
distance (SCD) was more accurate for predicting the
need for using the XL probe (Supplementary Table 1).
According to recently published criteria by Boursier
[30]
et al , 16.7% of all measurements had an IQR to
Median LS ratio (IQR/M) less or equal 10% (very reliable
measurement), in 78.3%, IQR/M was between 10 and
30% (reliable measurement) and in 5.1% of cases,
IQR/M was greater than 30% (poorly reliable). However
[31]
and in line with previous findings , all data were used
for further analysis. In summary, the Fibroscan device
performs well in most pregnant women using the M
probe and in all with the XL probe.

Statistical analysis

The statistical analysis was performed using SPSS
Statistics version 23.0 (IBM, United States) and Excel
2016 (Microsoft, United States). For group comparisons
mean and standard deviations where calculated and to
compare means, the t-test and non-parametric MannWhitney-U-test were used where appropriate. For
conduction of a correlation analysis, the Spearman rankorder correlation coefficient was calculated. A nonlinear
curve fit on data with a Boltzmann function was
performed using OriginPro 8 (OriginLab Cooperation).
Receiver operating curve (ROC) analysis was performed
and to identify cutoff values the maximum of the
Youden index was calculated. Multivariate binary logistic
regression analysis was used to identify independent
predictors for pregnancy complications. The statistical
methods of this study were reviewed by Thomas
Bruckner from Institute of Medical Biometry und
Informatics, University of Heidelberg.
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LS significantly increases in the third trimester of
normal pregnancy

An elevated LS > 6 kPa was seen in 25% of healthy
pregnant woman despite uncomplicated pregnancy.
LS was higher than 8 and 12.5 kPa in 6% and 1.5%,
respectively, the latter being typically regarded as cut-off
[15,32]
value for cirrhosis
. LS increased almost exclusively in
the third trimester (Figure 2). Here, 105 of 256 women
(41%) showed an elevated LS > 6 kPa. Figure 2A shows
LS averaged per week over the course of pregnancy
and percentiles 5% and 95% calculated from the
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Table 1 Patient characteristics
Parameter
Age (yr)
Gestational age (d)
Current BMI (kg/m²)
BMI before pregnancy (kg/m²)
MAP (kPa)
Pruritus (present)
Nulliparous
AST (U/L)
ALT (U/L)
AP (U/L)
GGT (U/L)
Bilirubin total (mg/dL)
Creatinine (mg/dL)
Urea (mg/dL)
Uric acid (mg/dL)
Total protein (g/L)
Albumin (g/L)
Leukocytes (1/nL)
Erythrocytes (1/pL)
Hemoglobin (g/dL)
Platelets (1/nL)
INR
Liver size (cm)
Spleen size (cm)
Diameter VCI (cm)
Hepatic steatosis in sonography (0-3)
Liver stiffness (kPa)
> 6 kPa
> 8 kPa
> 12.5 kPa
CAP (dB/m)

Controls (n = 475)

Preeclampsia (n = 22)

32.3 ± 5.0
192 ± 67
28.0 ± 6.1
24.7 ± 5.8
11.0 ± 1.6
2%
45%
24 ± 23
15 ± 15
134 ± 126
24 ± 48
0.5 ± 0.3
0.6 ± 0.1
18 ± 5
3.8 ± 1.1
66.1 ± 5.7
36.0 ± 2.2
11.9 ± 4.2
3.9 ± 0.4
11.7 ± 1.3
231 ± 63
0.91 ± 0.03
13.9 ± 1.8
10.9 ± 1.5
1.6 ± 0.3
0.2 ± 0.4
5.3 ± 2.0
120 (25%)
30 (6%)
7 (1.5%)
226 ± 43

33.4 ± 2.9
169 ± 59
29.0 ± 8.6
25.9 ± 7.8
12.1 ± 1.4
0%
50%
88 ± 122
39 ± 35
115 ± 43
35 ± 52
0.5 ± 0.2
0.6 ± 0.1
23 ± 7
5.0 ± 1.4
63.3 ± 4.3
25.5 ± 15.3
9.6 ± 4.6
4.2 ± 0.4
12.4 ± 0.9
173 ± 85
1.01 ± 0.16
13.2 ± 1.5
12.4 ± 2.8
1.8 ± 0.6
0.2 ± 0.5
17.9 ± 20.7
14 (63%)
10 (45%)
9 (40%)
228 ± 47

a

P value

ICP (n = 40)

0.3069
0.1330
0.4601
0.3569
0.0279
0.4948
0.6345
< 0.0001
< 0.0001
0.5955
0.4439
0.5374
0.1308
0.0006
0.0019
0.1114
0.0046
0.0599
0.0390
0.0632
0.0022
< 0.0001
0.0786
< 0.0001
0.0075
0.7334
< 0.0001

27.8 ± 4.1
237 ± 18
32.0 ± 8.3
28.4 ± 9.1
10.4 ± 2.0
53%
37%
105 ± 122
174 ± 174
179 ± 69
32 ± 34
0.5 ± 0.3
0.8 ± 0.4
22 ± 7
5.8 ± 2.5
66.9 ± 5.2
36.4 ± 5.5
10.1 ± 3.5
4.0 ± 0.5
11.2 ± 1.4
231 ± 55
0.91 ± 0.04
14.4 ± 1.1
11.4 ± 1.8
1.5 ± 0.3
0.4 ± 0.5
6.9 ± 2.1
23 (58%)
8 (20%)
1 (2.5%)
215 ± 40

0.7843

a

P value

< 0.0001
0.0007
0.0001
0.0002
0.2747
< 0.0001
0.1883
< 0.0001
< 0.0001
0.0382
0.3863
0.2561
< 0.0001
0.0001
< 0.0001
0.5143
0.7729
0.0158
0.4560
0.0313
0.9790
0.6616
0.0812
0.0954
0.1713
0.0174
< 0.0001

0.1322

a

P: P-value in comparison vs controls. ICP: Intrahepatic cholestasis of pregnancy; AST: Aspartate transaminase; ALT: Alanine transaminase; BMI: Body
mass index; CAP: Controlled attenuation parameter; GGT: Gamma-glutamyltransferase; MAP: Mean arterial pressure; AP: Arterial pressure; INR:
International normalized ratio; VCI: Vena cava inferior.
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Figure 2 Liver stiffness increased almost exclusively in the third trimester of normal pregnancy. A: Mean LS as a function of gestational week (9 to 42) of healthy
pregnant women without pregnancy complications. Displayed is the mean LS for every gestational week with 95% confidence bands from standard deviation and the
nonlinear regression function from a Boltzmann fit with y = 7.0 - 2.67 × (1/(1 + exp((gest.week - 32)/3.7))). From gestational week 26 on LS starts to increase and settles
at a plateau of 6.7 kPa at week 39. B: LS in healthy pregnant women without pregnancy complications such as preeclampsia or intrahepatic cholestasis dependent on the
trimester of pregnancy where the measurement took place. LS is significantly increased in women in the third trimester of pregnancy compared to women in the first or
second trimester. No significant difference between LS in the first and second trimester was observed. LS: Liver stiffness. aP < 0.05; bP < 0.01; cP < 0.001.

standard deviation per week. LS stayed at mean values
of 4.5 kPa until week 26 and increased thereafter. The
values reached a plateau by gestational week 39 at a
mean value of 6.7 kPa. To represent those changes, we

WJG|www.wjgnet.com

calculated the mean values at each week using a nonlinear regression fitting (modified Boltzmann fit). The
2
Boltzmann fit showed a good R of 0.86.
Figure 2B demonstrates the distribution of LS values
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Table 2 Associations with liver stiffness in all women, controls, preeclampsia and cholestasis patients
Spearman correlations
General
Gestational age (d)
Age (yr)
Current body weight (kg)
Body weight before pregnancy (kg)
Increase in body weight (kg)
Current BMI (kg/m²)
BMI before pregnancy (kg/m²)
Increase in BMI (kg/m²)
MAP (kPa)
pruritus
Nulliparous state
Laboratory
Creatinine (mg/dL)
Urea (mg/dL)
AST (U/L)
ALT (U/L)
AP (U/L)
GGT (U/L)
Bilirubin total (mg/dL)
Uric acid (mg/dL)
Total protein (g/L)
Albumin (g/L)
Leukocytes (1/nL)
Erythrocytes (1/pL)
Hemoglobin (g/dL)
Platelets (1/nL)
Quick-test (%)
INR
Bile acid (µmol/L)
Sonography
Liver size (cm)
Spleen size (cm)
Diameter VCI (cm)
Level of hepatic steatosis (0-3)
CAP (dB/m)
Cumulative estimated fetus weight (g)

All

Control

Preeclampsia

ICP

0.462c
-0.071
0.296c
0.182c
0.314c
0.316c
0.188c
0.322c
0.154c
0.194c
0.131b

0.499c
-0.035
0.287c
0.161c
0.325c
0.313c
0.169c
0.328c
0.03
-0.034
0.129b

-0.372
0.198
0.195
0.315
-0.184
0.313
0.686c
-0.118
0.082

0.017
-0.249
0.193
0.175
0.233
0.169
0.175
0.269
0.464
0.471b
0.383b

0.138
0.064
0.267c
0.286c
0.297c
0.228b
0.027
0.283c
-0.201a
-0.199
-0.346c
0.169a
0.024
-0.132
-0.029
-0.013
0.698c

0.045
-0.068
0.04
0.103
0.313c
0.164
-0.128
0.152
-0.350c
-0.195
-0.205a
0.133
0.073
0.025
0.086
-0.132
0.393

-0.478
-0.459
0.588a
0.354
-0.091
0.717b
0.754b
-0.157
-0.018
-0.5
-0.834c
-0.473
-0.767b
-0.790b
-0.814b
0.802b

0.048
0.063
0.325a
0.28
0.128
-0.038
0.257
0.059
-0.018
-0.21
-0.595c
0.181
0.064
-0.480b
0.017
-0.038
0.698c

0.031
0.167b
-0.009
0.211c
0.075
0.244a

0.027
0.112a
-0.035
0.186c
0.081
0.223

0.357
0.587b
0.387
0.343
0.775c

-0.247
-0.071
0.144
0.309
0.02

0.287

a

P < 0.05; bP < 0.01; cP < 0.001. ICP: Intrahepatic cholestasis of pregnancy; AST: Aspartate transaminase; ALT: Alanine transaminase; BMI: Body mass
index; CAP: Controlled attenuation parameter; GGT: Gamma-glutamyltransferase; MAP: Mean arterial pressure; AP: Arterial pressure; INR: International
normalized ratio; VCI: Vena cava inferior.

for all three trimesters as box plot. LS was significantly
elevated in the third trimester with a mean of 6.0 ± 2.3
kPa (P < 0.0001) in comparison to women in the first
or second trimester with mean LS values of 4.3 ± 1.0
kPa and 4.5 ± 1.2 kPa, respectively. Taken together, our
study demonstrates a significant increase of LS during
uncomplicated pregnancy almost exclusively in the third
trimester.

0.001) and negatively with total protein (r = -0.35, P <
0.001). A weak association was seen with spleen size
and hepatic steatosis in ultrasound which could not be
confirmed based on the non- invasive CAP parameter. In
multivariate logistic regression analysis (Supplementary
Table 2), using the binary state LS > 6 kPa as dependent
variable, cumulative estimated fetus weight and
gestational age were independent predictors for LS > 6
kPa [odds ratios exp(B) = 1.003, P = 0.012 and exp(B)
= 1.016, P = 0.027, respectively], while nulliparous
state, current body weight and increase in body weight
were not significant.

Parameters associated with LS elevation in healthy
pregnant women without complications

Focusing on the control group, we analyzed mor
phological, laboratory and sonographic parameters to
identify potential confounders of elevated LS. Correlation
analysis (Table 2) showed that LS is not only positively
correlated with gestational age (0.50, P < 0.0001), but
also with related parameters such as increase in body
weight (0.28, P < 0.0001), change of BMI (0.33, P <
0.0001) and current BMI (0.31, P < 0.0001). In addition,
LS was also positively correlated with AP (0.31, P <

WJG|www.wjgnet.com

LS is an independent predictor of preeclampsia

Women with preeclampsia and ICP had significantly
higher LS as compared to controls (5.3 ± 1.9 kPa) with
mean LS values of 17.9 ± 20.7 kPa (P < 0.0001) and
6.9 ± 2.1 kPa (P < 0.0001), respectively. This was also
the case when only focusing on women in the third
trimester (Figure 3). In multivariate logistic regression
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Figure 4 Mean liver stiffness and standard deviation in the third trimester
of pregnancy. Twenty-four hours after delivery in healthy pregnant women
without complications (controls, n = 26) and in non-control women with
intrahepatic cholestasis of pregnancy (n = 9) and preeclampsia (n = 6). LS
decreases significantly in both groups after delivery. All controls decreased
after delivery to values < 6 kPa while two women with ICP and one woman with
preeclampsia stayed above the 6 kPa level. cP < 0.001 and aP < 0.05. LS: Liver
stiffness.

Figure 3 Liver stiffness in women without pregnancy complications
and a measurement in the third trimester compared to liver stiffness in
women with preeclampsia and intrahepatic cholestasis of pregnancy.
LS is significantly higher in preeclampsia (17.9 ± 20.7 kPa, P < 0.0001) and
cholestasis (6.9 ± 2.1 kPa, P < 0.0001) even when compared to controls in
the third trimester (6.0 ± 2.3 kPa), where LS increases also in uncomplicated
pregnancies. Two women with preeclampsia had LS measurements of 75 kPa,
which are not shown for design reasons. LS: Liver stiffness; ICP: Intrahepatic
cholestasis of pregnancy.

delivery, mean LS in controls was significantly lower as
compared to non-controls (4.2 ± 1.0 kPa vs 5.6 ± 1.3
kPa; P < 0.001). Of note, LS normalized in all controls to
values below 6 kPa while LS remained > 6 kPa in three
non-controls with 6.1, 8.1 and 16.8 kPa, respectively. In
summary, LS rapidly decreases after delivery. It even nor
malized in all women without pregnancy complications.

analysis, when comparing with important laboratory
screening markers during pregnancy (Supplementary
Figure 1A), LS and leukocyte count were independent
predictors for preeclampsia with an odds ratio of 2.05
(1.27-3.31) and 1.39 (1.03-1.88), respectively. In
contrast, the presence of pruritus and elevated ALT
levels were highly predictive for ICP while no additional
independent information could be obtained from LS. LS
predicted preeclampsia with a fairly good area under
the curve (AUROC) of 0.815 (0.722-0.907) and an
optimal cut-off value of 7.6 kPa (Supplementary Figure
2). Using these values, preeclampsia was detected
with a sensitivity of 0.55 (0.35-0.73) and specificity
of 0.92 (0.89-0.94). In summary, an elevated LS
seems to be an independent predictor of preeclampsia
that is superior to established criteria such as arterial
hypertension.

DISCUSSION
We here show that LS can be easily measured in all
women during pregnancy. We demonstrate, first,
that LS significantly increases above 6 kPa in a large
fraction of pregnant women without complications
almost exclusively in the third trimester. Second,
women with preeclampsia show even higher LS values
and an elevated LS is an independent predictor of this
complication. Finally, elevated pregnancy- associated LS
rapidly decreased in all women after delivery.
Our data indicate that LS elevation during pregnancy
should be interpreted with caution and not be mistaken
for a manifest liver disease since it will most likely
be reversible after delivery. Second, the significant
elevation of a fundamental liver parameter such as LS
in such a large fraction of pregnant women suggests
that LS itself or its underlying causes could contribute
to some of the rare but often fatal complications
[27]
during late pregnancy . Indeed, elevated LS was
significantly higher in women with complications such as
preeclampsia or ICP. Moreover, an elevated LS > 7.6 kPa
was identified as independent predictor of preeclampsia
with a fairly good AUROC of 0.815 being superior to other
laboratory markers and arterial pressure. Thus, our data
suggest that LS could be a valuable non-invasive tool to
screen pregnant women for potential complications.

LS rapidly decreases after delivery

In a subgroup of 41 women, we were able to measure
LS in the third trimester of pregnancy and 24 h after
delivery (Figure 4). 26 women had uncomplicated
pregnancy while ICP and preeclampsia were seen in 9
and 6 cases, respectively (Figure 1). Due to the small
sample size, cases with preeclampsia and ICP are
combined and depicted as non-controls in Figure 4. LS
decreased significantly in all women after delivery from
7.2 ± 3.3 kPa to 4.9 ± 2.2 kPa (P < 0.001, Figure 3).
Significant differences were observed between controls
and non-controls after delivery but not before. Mean LS
before delivery was 6.7 ± 2.7 kPa and 8.1 ± 4.0 kPa in
controls and non-controls, respectively (P = 0.18). After
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What are the mechanisms that underlie elevated
LS during pregnancy? The rapid normalization of LS
after delivery is suggestive of e.g. mechanic, pressurerelated conditions of pregnancy in contrast to other
e.g. inflammatory or apoptotic conditions. Thus, liver
inflammation or apoptosis typically do not resolve within
[33]
24 h . Indeed, in healthy women, we could not see
any association of LS with laboratory parameters such
[31,33]
as transaminases as observed in liver disease
.
The rapid decrease of LS rather suggests potential
mechanic factors such as an elevated intraabdominal
pressure and its hemodynamic consequences that would
rapidly normalize after deliver. Such an explanation
would also be in line with the recently proposed inflow/
outflow balance model of LS based on liver perfusion
through the incoming portal vein and hepatic artery
[21-24,27]
and the outflowing hepatic veins
. The significant
association of LS with spleen size could be a further
indirect link between portal hypertension and perfusionassociated LS elevation. Unfortunately, our study does
not provide detailed insights into the hemodynamics
since no information on blood flow and resistance was
obtained.
Second, it is known for a long time that pregnancy
causes water retention that can contribute to a
large extent to weight gain in pregnant women. The
underlying mechanisms involve the RAAS system and
[34]
are comparable to heart failure and liver cirrhosis .
In addition, LS can be drastically elevated by water
[22,27]
retention e.g. during heart failure
. Indirect evidence
can be derived from the negative correlation between
LS and serum protein levels. Unfortunately, however,
we could not clearly discriminate between weight gain
from water retention or obesity in our study.
Moreover, parameters of steatosis such as ultra
sound (US) and CAP did not correlate significantly with
LS. It also remains unclear while indirect markers of
water retention such as an enlarged caval vein did not
show a significant association with LS although it was
related with complications. One explanation could be
the drastically elevated intraabdominal pressure in
pregnant women preventing an unfolding of the lower
[35]
caval vein .
Third, an increased cardiac output of pregnant
women may be also responsible for the elevated LS
since exercise and arterial pressure have been recently
[23,35]
identified as important determinants
. Notably,
in our large study, no significant association could be
observed between MAP and LS although a recent small
study identified a relation between postpartum LS and
[36]
arterial pressure in women with eclampsia . Here,
larger more detailed studies are required to shed light
on the role of arterial pressure on LS during pregnancy.
Fourth, the strong association of elevated LS with
parameters such as weight and BMI point towards an
important role of elevated intraabdominal pressure.
This is further underlined by the strong association
with child-related parameters such as fetus weight.
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However, we have recently shown that an elevated
intraabdominal pressure per se does not increase LS
[37]
in the absence of liver congestion . Thus, it is known
that the uterus can compress e.g. the inferior caval vein
[38]
during the continued growth of the fetus . Again, our
study was not able to provide further detailed insights
regarding liver congestion or impaired hepatic vein
outflow. Another fascinating argument for a mechanic
explanation of LS elevation during pregnancy is the
weak positive correlation of LS with the nulliparous
state. It is well established in the literature that
previous uncomplicated deliveries lower the risk for
birth complications. The fact that pregnant women
with their first pregnancy have a significantly higher LS
could point towards a mechanic training or mechanic
adaption that could be potentially obtained during the
first pregnancies.
In conclusion, we here show that LS can be obtained
easily in pregnant women. LS significantly increases
in the third trimester despite normal pregnancy and
rapidly normalizes after delivery. However, LS is
significantly increased in women with preeclampsia
and an independent predictor of this complication.
Some findings and especially the rapid normalization
of LS after delivery is highly suggestive for mechanic
e.g. hemodynamic reasons as underlying mechanism
while direct liver injury is less likely. More detailed
prospective studies are needed to clarify LS elevation
during pregnancy. Nevertheless, our data are highly
encouraging to more frequently use non-invasive LS
measurements in pregnant women with suspicion of
pregnancy-related complications.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Hypertension and preeclampsia remain the leading causes of maternal morbidity
and mortality. Moreover, up to 3 % of all pregnancies are accompanied by liver
complications which can have a high maternal and perinatal mortality. So far,
no detailed studies existed on pregnancy and liver stiffness, a novel parameter
and gold standard to early screen for liver fibrosis and other pathologies. We
here present the first large cohort to study liver stiffness during pregnancy and
its association with complications during pregnancy. Our data show that liver
stiffness significantly and reversibly increases in the final trimester in pregnant
women without complications. In women with preeclampsia, liver stiffness is
significantly elevated and an independent non-invasive predictor. In conclusion,
we think that liver stiffness could be an easy to use and fast non-invasive tool
for the prediction and diagnosis of pregnancy complications.

Research motivation

Many liver-related complications during pregnancy are still poorly understood,
life threatening and difficult to diagnose. The main motivation for this study,
therefore, was to investigate the novel parameter liver stiffness for the first
time in a large cohort of pregnant women and its relation to pregnancy
complications. Based on first preliminary observations, it was our further goal
to provide the normal range of liver stiffness values during pregnancy and its
response to delivery.

Research objectives

The first aim was to test the performance and validity of liver stiffness
measurements using FibroScan in pregnant women with and without pregnancy
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complications. The second aim was to investigate liver stiffness in women with
normal pregnancies at different gestational ages and its response to delivery.
We eventually demonstrate that liver stiffness can be measured in pregnant
women with sufficient accuracy using the XL probe. We further demonstrate
an elevated liver stiffness in the final trimester of pregnant women without
complications. Interestingly, liver stiffness can reach levels that could suggest
the presence of advanced liver fibrosis. Finally, we show that liver stiffness
is higher in patients with pregnancy complications such as preeclampsia or
intrahepatic cholestasis of pregnancy and can even predict these complications.
Our data pave the way for more detailed studies of liver stiffness in pregnant
women in the future e.g. with the aim to investigate associations with more rare
complications such as the hemolysis, elevated liver enzymes and low platelets
(HELLP)-syndrome or acute fatty liver of pregnancy.
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METHODS
All adult patients with cirrhosis listed for LT at
Padua University Hospital between 2006-2017 were
retrospectively collected using a prospectivelyupdated database; patients with HCV-related cirrhosis
were divided by indication for LT [dec-HCV vs HCV/
hepatocellular carcinoma (HCC)] and into two interval
times (2006-2013 and 2014-2017) according to the
introduction of DAAs. For each patient, indications to
LT, severity of liver dysfunction and the outcome in the
WL were assessed and compared between the two
different time periods. For patients receiving DAA-based
regimens, the achievement of viral eradication and the
outcome were also evaluated.

INTRODUCTION
Hepatitis C virus (HCV)-related liver disease has been
the most common indication for liver transplantation
[1]
(LT) in Western Europe for the last 20 years . In
Italy, due to the high prevalence of HCV in the general
[2,3]
population , HCV-related decompensated cirrhosis
and hepatocellular carcinoma (HCC) have been the
[4]
main indications for LT to date . The scenario of HCV
treatment has evolved rapidly since 2011, due to the
approval of oral direct-acting antiviral agents (DAAs).
The first oral interferon-free drug available worldwide,
[5]
sofosbuvir, was registered in Italy in 2014 . Since
then, several highly-effective and well-tolerated DAA
regimens have been approved, with real-life data
confirming the high sustained virological response
(SVR) rates seen in the registration trials, even in the
[6-8]
setting of end-stage liver disease . Improvement
in liver function, as measured by Child-Turcotte-Pugh
(CTP) and MELD scores, are reported in nearly two
in three decompensated cirrhotic patients treated
[9,10]
with DAAs
. These safe and effective new antiviral
therapies will probably lead to a reduction of waiting list
[11,12]
(WL) registrations due to HCV
. However, the role of
DAAs in the Italian scenario has not been explored yet.
Therefore, the aims of our study were to evaluate
the changing rates of waiting list (WL) registrations
and LT for patients with HCV-related cirrhosis, with or
without HCC, after introduction of DAAs.

RESULTS
One thousand one hundred and ninty-four [male
(M)/female (F): 925/269] patients were included.
Considering the whole cohort, HCV-related cirrhosis
was the main etiology at the time of WL registration
(490/1194 patients, 41%). HCV-related cirrhosis
significantly decreased as indication to WL registration
after DAA introduction (from 43.3% in 2006-2013 to
37.2% in 2014-2017, P = 0.05), especially amongst decHCV (from 24.2% in 2006-2013 to 15.9% in 2014-2017,
P = 0.007). Even HCV remained the most common
indication to LT over time (289/666, 43.4%), there was
a trend towards a decrease after DAAs introduction (from
46.3% in 2006-2013 to 39% in 2014-2017, P = 0.06).
HCV patients (M/F: 43/11, mean age: 57.7 ± 8 years)
who achieved viral eradication in the WL had better
transplant-free survival (log-rank test P = 0.02) and
delisting rate (P = 0.002) than untreated HCV patients.

MATERIALS AND METHODS

CONCLUSION
Introduction of DAAs significantly reduced WL
registrations for HCV related cirrhosis, especially in the
setting of decompensated cirrhosis.

All patients registered on the WL for LT at Padua
University Hospital between January 2006 and December
2017 were assessed. After WL registration, patients’ data
were collected prospectively in an electronic database.
Patients with acute liver failure, with indications for LT
other than cirrhosis, re-LT, or patients younger than 18
years old were excluded from the study. Patients were
divided into two main groups according to indication to
WL registration: patients with HCC and compensated
liver disease (e.g. MELD < 15; HCC-group), and patients
with decompensated disease, independently from
presence of HCC (e.g. MELD ≥ 15 or complications
of portal hypertension; dec-group). Patients with a
combined diagnosis of HCV and other cause of liver
disease (e.g., alcohol, autoimmune liver disease) were
classified as HCV. Alcohol-related or HBV-related (or
HBV/HDV) liver disease were diagnosed according
[13]
to current guidelines , and they were assessed in
separate groups. Similarly, all patients with autoimmune,
cholestatic liver diseases or less common indications to
LT were grouped together. Patients listed for cryptogenic
cirrhosis who had a body mass index (BMI) > 30 were

Key words: Liver transplantation; Hepatitis C; Cirrhosis;
Sustained virological response
© The Author(s) 2018. Published by Baishideng
Publishing Group Inc. All rights reserved.
Core tip: All-oral direct-acting antivirals significantly
modify the natural history of hepatitis C virus (HCV)
infection. According to our study, liver transplantation
for HCV decompensated cirrhosis will decrease in the
next future.
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Zanetto A, Shalaby S, Cillo U, Zanus G, Angeli P, Burra P.
Hepatitis C virus related cirrhosis decreased as indication to
liver transplantation since the introduction of direct-acting
antivirals: A single-center study. World J Gastroenterol 2018;
24(38): 4403-4411 Available from: URL: http://www.wjgnet.

WJG|www.wjgnet.com

4404

October 14, 2018|Volume 24|Issue 38|

Ferrarese A et al . Liver transplantation for hepatitis C
WL registrations
LT
WL registrations
LT

127

125
113

112
104

103

98

93
85
80

80

78

76

60

62

62

66

68

64

53
47

43

44

38

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

Figure 1 Overall trends in waiting list registrations and liver transplantations at Padua University Hospital in the study period. WL: Waiting list; LT: Liver
transplantation.
[14,15]

classified as metabolic liver disease
, and grouped
together with patients having a known diagnosis of nonalcoholic steatohepatitis (NASH). Patients with diagnosis
of HCC were received WL prioritization according to
[16]
[16,17]
previously published policy , updated in 2016
.
Patients with HCV-related liver disease were treated from
2014 with DAAs, according to the recommendations
[5]
of the national regulatory agency . Each patient was
strictly followed-up during and after treatment with
DAA; only patients with durable clinical improvements
after SVR achievement were delisted. Patients were also
divided into two different time intervals: pre-DAA period
(2006-2013) and post-DAA period (2014-2017).
Outcome data were collected at the latest available
follow-up for each patient. Informed consent was
obtained, and the study was approved by the local Ethical
Committee (Comitato Etico per la Sperimentazione
Clinica della Provincia di Padova, n. AOP/1405).

excluded from the study for the following reasons:
100 (6.8%) patients were younger than 18 years old
at WL registration, 87 (5.9%) patients had undergone
previous LT, and 88 (6%) patients did not have cirrhosis
as indication for LT, leaving 1194 (81.3%) patients for
the current analysis.
Considering this cohort, overall WL registration rates
increased from 94/year in 2006-2013 to 110/year in
2014-2017, with a concomitant rise in the number of
LT performed overtime, from 51/year in 2006-2013 to
69.5/year in 2014-2017 (Figure 1).

Trajectories of WL registrations for HCV-related disease
before and after DAA introduction

Overall, HCV related liver disease (490/1194, 41%),
with or without HCC, was the main indication for WL
registration over time, followed by alcohol and HBV
(24% and 15.5%, respectively). At WL registration,
there were no differences between HCV and non-HCV
patients in terms of age, gender, BMI, however HCV
patients had higher prevalence of HCC (61.8% vs 42%;
P = 0.001), and lower MELD score (15 ± 6 vs 16.7 ± 6.8,
P = 0.01) compared with non-HCV patients (Table 1).
When WL registration rates were compared in the
whole cohort between pre-DAA and post-DAA periods,
HCV significantly decreased as indication to LT (43.3% in
2006-2013 vs 37.2% in 2014-2017, P = 0.05). Notably,
there was a significant drop in the WL registration rates
for dec-HCV (from 24.2% in 2006-2013 to 15.9% in
2014-2017, P = 0.007), whereas HCV/HCC remained
a stable indication (from 19% in 2006-2013 to 21% in
2014-2017, P = 0.4, Figure 2).
Dec-HCV patients had similar characteristics al
WL registration between two different interval time

Statistical analysis

Categorical and continuous variables were calculated
as frequencies and means ± SD, respectively, and were
compared using the Fisher’s test or Student’s t-test, as
appropriate. P values < 0.05 were considered statistically
significant. Survival analyses were performed using
Kaplan-Meier curves (log-rank test). Analyses were
performed using SPSS software version 18 (Chicago, IL,
United States).

RESULTS
A total of 1469 patients were listed for LT at Padua
University Hospital from January 2006 to December
2017. Two hundred seventy-five patients (18.7%) were
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Table 1 Characteristics at waiting list registration between hepatitis C virus and non- hepatitis C virus patients
HCV n = 490 (%)

Non-HCV n = 704 (%)

P value

56 ± 7.8
393 (80)
25 ± 4

55 ± 10
532 (75.5)
25 ± 4

ns
ns
ns
ns

206 (42)
199 (40.6)
19 (3.8)
66 (13.4)
303 (61.8)

311 (44.2)
282 (40)
30 (4.3)
81 (11.5)
295 (42)

137 (28)
185 (38)
168 (34)
15 ± 6

163 (23)
252 (36)
289 (41)
16.7 ± 6.8

Age (yr)
Gender (male)
BMI
Blood group
0
A
AB
B
HCC (yes)
Child-Pugh classes
A
B
C
MELD at WL registration

0.001
0.04

0.01

HCV: Hepatitis C virus; BMI: Body mass index; HCC: Hepatocellular carcinoma; MELD: Model of End-Stage Liver Disease; WL: Waiting list.
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Figure 2 Trends in waiting list registration before and after direct-acting antiviral introduction. ALD: Alcoholic liver disease; DAA: Direct-acting antivirals; HBV:
Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NASH: Non-alcoholic steatohepatitis.

periods, whereas HCV/HCC patients in the last period
were older (57 ± 7 years vs 59 ± 6 years, P = 0.03)
and had lower CTP score (P = 0.01). The number of
patients registered in the WL after achievement of SVR
was higher in the post-DAA period, both amongst decHCV (7.3% in 2006-2013 vs 24.2% in 2014-2017, P
= 0.004) and HCV/HCC (from 7% in 2006-2013 to
25.5% in 2014-2017, P = 0.001). Similarly, there was a
significant increase in treatments while on the WL after
DAA introduction, both amongst dec-HCV (from 4.9%
in 2006-2013 to 20% in 2014-2017, P = 0.009) and
HCV/HCC patients (from 4% in 2006-2013 to 26.5% in
2014-2017, P = 0.001) (Table 2).

to LT over time (43.4%), followed by alcohol and HBV
(22.6% and 16%, respectively). At the time of LT, HCV
patients were older than non-HCV patients (57 ± 7.5 vs
55 ± 10, P = 0.02), and had lower CTP score (P = 0.03)
and MELD score (17 ± 8 vs 18 ± 8, P = 0.01) (Table 3).
Overall, there a was a trend towards a decrease in
LTs for HCV related disease after DAA introduction (from
46.3% in 2006-2013 to 39% of overall LT in 2014-2017,
P = 0.06). When HCV patients were stratified according
to the main indication to transplantation, LT rates for
decompensated disease (from 23.4% in 2006-2013
to 18.3% in 2014-2017, P = 0.1) and for HCC (from
22.9% in 2006-2013 to 20.8% in 2014-2017, P = 0.5)
did not significantly change (Figure 3).
Characteristics of dec-HCV patients at time of LT
did not differ across the two periods, except for a
higher prevalence of HCC at the time of transplant in

Trajectories of LT for HCV-related disease before and
after DAA introduction

Overall, HCV related disease remained the first indication
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Table 2 Characteristics of hepatitis C virus patients at waiting list registration before and after direct-acting antiviral introduction,
according to indication to waiting list registration (decompensated liver disease or hepatocellular carcinoma)
dec-HCV

HCV/HCC

Pre-DAA n = 181 (%) Post-DAA n = 70 (%)
Gender (male)
Age (yr)
BMI
Refractory ascites (yes)
Blood group
0
A
AB
B
HCC (yes)
Comorbidities
None
HBV
Alcohol
Metabolic
Child-Pugh classes
A
B
C
MELD score
HCV Genotype1
1a
1b
2
3
4
SVR achievement
None
Before WL registration
IFN based
During WL registration

139 (77)
55 ± 8
25 ± 3
74 (40)

53 (75.7)
55 ± 9
25 ± 4
32 (45.7)

86 (47.8)
70 (38.4)
4 (2.2)
21 (11.5)
41 (22.5)

32 (45.7)
25 (35.7)
4 (5.7)
9 (12.8)
24 (34.2)

134 (74.1)
7 (3.8)
34 (18.6)
6 (3.2)

44 (62.8)
2 (2.8)
19 (27.1)
5 (7.3)

6 (3.3)
67 (37)
108 (59.6)
18.7 ± 6

3 (4.2)
25 (35.7)
42 (60)
19.3 ± 6

18 (15.1)
68 (57.1)
12 (10)
16 (13.4)
5 (3.3)

14 (23)
34 (55.7)
3 (4.9)
6 (9.8)
4 (6.5)

159 (87.8)
13 (7.1)
13 (7.1)
9 (4.9)

39 (55.7)
17 (24.2)
2 (2.8)
14 (20)

P value
ns
ns
ns
ns
ns

Pre-DAA n = 144 (%) Post-DAA n = 94 (%)
118 (82)
57 ± 7
24.7 ± 3
-

82 (87)
59 ± 6
25 ± 3.6
-

62 (43)
52 (36)
6 (4)
24 (17)
-

35 (39)
42 (44)
5 (5)
12 (12)
-

104 (72.2)
8 (5.5)
26 (18)
6 (4.3)

76 (80)
3 (3.2)
10 (10.6)
5 (5.3)

64 (44.5)
67 (46.5)
13 (9)
11 ± 3.5

64 (68)
26 (27)
4 (4)
11 ± 3.4

11 (10.2)
67 (62)
10 (9.3)
15 (13.9)
5 (4.6)

16 (18.8)
39 (45.8)
4 (4.7)
22 (25.8)
4 (4.7)

128 (89)
10 (7)
10 (7)
6 (4)

45 (47.8)
24 (25.5)
6 (6.3)
25 (26.5)

P value
ns
0.03
ns
ns

ns
ns

ns

ns

0.01

ns
ns

0.004
0.009

ns
ns

0.001
0.001

1

HCV genotype was available in 373 patients at the time of WL registration. HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; DAA: Direct-acting
antivirals; BMI: Body mass index; HBV: Hepatitis B virus; MELD: Model of End-Stage Liver Disease; SVR: Sustained virological response; WL: Waiting list.

Table 3 Characteristics at the time of liver transplantation between hepatitis C virus and non-hepatitis C virus patients n (%)

Age (yr)
Gender (male)
Blood group
0
A
AB
B
Child-Pugh classes
A
B
C
MELD score
Waiting time (mo)

HCV n = 289

Non-HCV n = 377

P value

57 ± 7.5
240 (83)

55 ± 10
288 (76)

0.02
0.04
ns

118 (40.8)
124 (43)
12 (4.1)
35 (12.1)

167 (44.2)
147 (39)
19 (5)
44 (11.8)

82 (25)
99 (36.7)
108 (38.2)
17 ± 8
9.6 ± 12

84 (22.2)
116 (30.7)
177 (47)
19 ± 8
10 ± 14

0.03
0.01
ns

HCV: Hepatitis C virus; MELD: Model of End-Stage Liver Disease.

the post-DAA period (20.8% in 2006-2013 vs 37.3%
in 2014-2017, P = 0.04). Similarly, no significant
differences were found on characteristics of HCV/
HCC patients at time of LT between the two periods.
Prevalence of patients transplanted after achievement
of SVR was significantly higher in the post-DAA period,
both amongst dec-HCV (from 8.8% in 2006-2013 to
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29.4% in 2014-2017, P = 0.01) and HCV/HCC (from
11% in 2006-2013 to 41% in 2014-2017, P = 0.0001)
(Table 4).

Outcome of HCV patients treated with DAA in the setting
of LT
Since 2014, 88 out of 164 (53.5%) patients with HCV
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Table 4 Characteristics of hepatitis C virus patients at liver transplantation before and after direct-acting antiviral introduction,
according to indication to waiting list registration (decompensated liver disease or hepatocellular carcinoma) n (%)
dec-HCV

HCV/HCC

Pre-DAA n = 91

Post-DAA n = 51

P value

Pre-DAA n = 89

Post-DAA n = 58

P value

74 (81)
54.8 ± 8
37 (40.6)

40 (78.4)
56 ± 8
27 (53)

ns
ns
ns
ns

77 (86.5)
57 ± 7
-

49 (84.5)
58 ± 7
-

ns
ns

41 (45)
35 (38)
3 (3.3)
12 (13)
19 (20.8)

21 (41.7)
22 (43.3)
3 (5.8)
5 (9.8)
19 (37.3)

37 (41.5)
39 (43.8)
4 (4.5)
9 (10.2)
-

19 (32.7)
28 (54.9)
2 (3.4)
9 (15.5)
-

3 (3.2)
27 (29.6)
61 (67.1)
24 ± 6.5
8 (8.8)
7 (7.6)
8.3 ± 12

1 (1.9)
17 (33.3)
33 (64.7)
23 ± 7.5
15 (29.4)
2 (3.9)
10.6 ± 12

38 (42.6)
42 (47.2)
9 (10)
11.7 ± 4
10 (11)
9 (10.1)
9 ± 7.7

42 (72.4)
12 (20.6)
4 (6.8)
11.2 ± 3
24 (41)
1 (1.7)
10 ± 11

Gender (male)
Age (yr)
Refractory ascites (yes)
Blood group
0
A
AB
B
HCC (yes)
Child-Pugh classes
A
B
C
MELD at LT
SVR at time of LT (yes)
SVR after IFN-based regimens
Waiting time (mo)

ns

0.04
ns

0.001

ns
0.002
ns

ns
0.0001
ns

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; DAA: Direct-acting antivirals; BMI: Body mass index; MELD: Model of End-Stage Liver Disease;
LT: Liver transplantation; SVR: Sustained virological response.

Decompensated
HCC
23.4

22.9
20.8
18.3
16.5

%

14.7

11

7

8.9
8.2

8
6.8
4.9
2.3

ALD

HBV

NASH

4.6

4.6

3.6

HCV

8.9

0.2

1.3
0.2

Al/Chol

Other

1.8
0
HCV

ALD

Pre-DAA (2006-2013)

HBV

NASH

Al/Chol

0
Other

Post-DAA (2014-2017)

Figure 3 Trends in liver transplantation before and after direct-acting antiviral introduction. ALD: Alcoholic liver disease; DAA: Direct-acting antivirals; HBV:
Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NASH: Non-alcoholic steatohepatitis.

related cirrhosis were treated with DAA in the setting
of LT (Table 5). Thirty-four (20%) were listed after
achievement of SVR, whereas 54 (32.9%) were treated
while on the WL. The SVR rate after first treatment with
DAA was 88%. Ten patients relapsed after treatment
with DAA and achieved SVR after a second treatment
while they were on the WL. Sofosbuvir-based regimens
were mostly used, whereas ribavirin was used in 43%

WJG|www.wjgnet.com

of patients.
Considering only patients treated while in the WL,
28 (51%) patients underwent LT, whereas 10 (18%)
were delisted due to improvement of liver disease, 8
(14.8%) died, and 2 (3.7%) dropped-out due to HCC
progression. DAA-treated patients had a higher delisting
rate due to improvement of liver disease than untreated
HCV patients over time (18% vs 2.5%, P = 0.002), and
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to 36% in the last years. Two possible explanations
may be hypothesized; first, a significant change in
HCV epidemiology in Italy in recent years, as shown by
[3,21,22]
several studies
, with the highest prevalence of HCV
in patients over 70 years old (who are not eligible for LT
anymore); second, the achievement of SVR after DAA
[23-25]
therapies
, leading to improvement in liver function
[26]
and reduction of portal-hypertensive complications .
Thus, previously decompensated patients, potentially
suitable for LT, would therefore not be placed on the WL.
On the contrary, in the setting of HCV related
cirrhosis, proportion of WL registration for HCC remained
stable after DAA introduction (from 19% in 2006-2013
to 21% in 2014-2017; P = ns). Notably, in the post-DAA
period, HCC became the first indication to LT amongst
HCV patients. This trend was confirmed also in patients
with decompensated disease (e.g. MELD ≥ 15), in
whom the prevalence of HCC at the time of transplant
rose from 20.8% in 2006-2013 to 37.3% in 2014-2017.
Development of HCC in patients previously treated
[6,27-29]
with DAA is debated. Several studies
recently
showed that HCC may still occur or recur in patients with
SVR achievement after DAA therapy (probably due to
changes in the immunological microenvironment after
viral clearance), and these patients would probably still
need for LT.
In our experience, nearly 18% of HCV patients were
delisted after achieving SVR, in a significantly higher
proportion than in the pre-DAA period. This reinforces
the concept that SVR achievement could significantly
improve liver function and increase delisting rate in the
next future, even if we’ll expect that HCV patients will
be cured before decompensation, without requiring WL
registration. Furthermore, our data were consistent with
[30]
those reported by Belli et al , who reported a delisting
rate of 20% (though they only considered HCV-related
decompensated cirrhosis patients without HCC).
Our study retrospectively collected all data regarding
cirrhotic patients from WL registration to final outcome,
using a prospectively updated electronic database. There
were no significant changes in WL and LT policies during
the study period, and the antiviral treatments were
administered under the supervision of a tertiary center,
in accordance with the changing criteria recommended
by the Italian Regulatory Agency. This study has some
limitations that need to be acknowledged, however.
It was based on a single-center cohort and covered
a lengthy period of time. These data, coming from
a single-center cohort, might not be extended to
the whole Italian scenario, due to its heterogenous
epidemiology in terms of etiologies of liver disease.
However, recently published data from Northern
[20]
Italy seemed to be in accordance with our results .
Furthermore, criteria for NASH diagnosis significantly
changed over, so we included patients with cryptogenic
[15]
cirrhosis and a BMI > 30, as other Authors had done .
Lastly, we were assessing trends of the WL for LT, and
some misdiagnosed comorbidities may have interfered

Table 5 Characteristics of hepatitis C virus patients who
achieved sustained virological response after treatment with
direct-acting antivirals while in the waiting list n (%)
SVR after DAA before SVR after DAA in
the WL n = 34
the WL n = 54
Age (yr)
Gender (male)
dec-HCV (yes)
MELD score before treament
HCV genotype
1a
1b
2
3
4
Treatment regimens
Sofosbuvir
Sofosbuvir/Ledipasvir
Sofosbuvir/Daclatasvir
Sofosbuvir/Simeprevir
Other
Ribavirin use (yes)
MELD score after treament
Outcome
Waiting for LT
Delisted
LT
Drop out
Dead

58 ± 8
25 (73.5)
15 (44)
-

57.7 ± 8
43 (79.6)
44 (44.4)
13 ± 5

6 (17.6)
17 (50)
2 (5.8)
7 (20.5)
2 (5.8)

6 (11)
34 (63)
2 (3.7)
7 (13)
5 (9.3)

4 (11.7)
23 (67.6)
3 (8.8)
1 (2.9)
5 (14.7)
1 (2.9)
12.3 ± 4

27 (50)
18 (33.3)
3 (5.5)
4 (7.4)
2 (3.7)
37 (68.5)
13 ± 6

16 (47)
1 (2.9)
10 (29.4)
5 (14.7)
2 (5.8)

6 (11)
10 (18.5)
28 (51.8)
2 (3.7)
8 (14.8)

SVR: Sustained virological response; DAA: Direct-acting antivirals; HCV:
Hepatitis C virus; MELD: Model of End-Stage Liver Disease; LT: Liver
transplantation.

a better transplant free survival (log-rank P = 0.02).

DISCUSSION
In recent decades, HCV-related cirrhosis has been
considered the most prevalent indication for LT in the
Western Countries, for both decompensated liver disease
and HCC. The introduction of DAAs has significantly
modified the natural history of HCV infection, and viral
eradication (especially in patients with compensated
cirrhosis) has been associated with an improvement of
liver function. We consequently explored dynamics of
long-term changes in WL registrations and LTs in Our
Centre.
Spanning more than a decade, we found that HCV
remained the main indication for WL registration not
only before, but also after DAA introduction. This might
be because the first-generation protease inhibitors were
[18]
approved in Italy since January 2013 , but their use
was initially limited by side effects and low rates of SVR
[19]
achievement (less than 50% in cirrhotic patients) .
Extended approval of DAA therapies was granted in
Italy in 2014, producing a significant drop in the WL
registrations for HCV related cirrhosis, moving from
43.3% in the pre-DAA period to 37.2% in 2014-2017.
These results are consistent with data recently published
[20]
by another tertiary center in Italy , where the
proportion of dec-HCV patients decreased from 49%
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with the natural history of several patients.
In conclusion, our study showed the significant
changes occurring in the LT scenario. Even if DAA
therapies have significantly contributed to a decrease
in the WL registration for dec-HCV, it will take more
time for HCV to disappear as an indication for liver
transplantation, especially in the setting of LT for HCC.

2

3

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis C virus (HCV)-related cirrhosis has been the first indication for liver
transplantation in Western Countries in the last decades. Introduction of all-oral
direct-acting antivirals (DAAs) significantly modified the natural history of HCV
related liver disease.

4

Research motivation

Our study aimed at evaluating the change in waiting list registrations and in liver
transplantation for HCV related cirrhosis after DAAs introduction.

Research objectives

5

To evaluate the outcome of patients with HCV related cirrhosis, listed for liver
transplantation at Padua University Hospital between 2006 and 2017. Patients
were further divided according to two different time periods (2006-2013 vs
2014-2017) and according to indication to liver transplantation (decompensated
disease vs hepatocellular carcinoma).

6

Research methods

The outcome of patients listed for liver transplantation (LT) for HCV related
cirrhosis was retrospectively analysed using a prospectively updated database.

7

Research results

After DAAs introduction, HCV-related cirrhosis significantly decreased
as indication to waiting list registration, especially among patients with
decompensated disease. Considering liver transplantation, even HCV remained
the most common indication to LT over time (289/666, 43.4%), there was a
trend towards a decrease in the last time period (2013-2017). Furthermore,
HCV patients who achieved viral eradication had better transplant-free survival
than untreated HCV patients.

8
9

Research conclusions

The study demonstrated that HCV related cirrhosis might be a decreasing
indication to liver transplantation, especially for decompensated liver
disease. Viral eradication achieved with DAA-based regimens should reduce
decompensation rates and need to LT. This study confirmed what already
known in literature about the beneficial role provided by DAAs in patients with
HCV related cirrhosis. Viral eradication obtained after DAAs- based regimens
should reduce decompensation rates amongst patients with HCV related
cirrhosis. Future studies are needed to confirm the changing scenario regarding
indications to LT in Western countries.

10

Research perspectives

Viral eradication obtained after DAA therapy should reduce decompensation
rates amongst patients with HCV related cirrhosis. To further investigate trends
in waiting list registrations and liver transplantations for HCV related cirrhosis,
especially in the setting of hepatocellular carcinoma. Larger, multicentre,
prospective studies are the best methods for the future research.

11
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Abstract
Gastric polyposis is a rare disease. Not all polyps pro
gress to cancer. Monoallelic mutation in Fanconi anemia
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(FA) genes, unlike biallelic gene mutations that causes
typical FA phenotype, can increase risks of cancers in a
sporadic manner. Aberrations in the FA pathway were
reported in all molecular subtypes of gastric cancer. We
studied a patient with synchronous gastric cancer from
gastric polyposis by conducting a 13-year long-term
follow up. Via pathway-driven massive parallel genomic
sequencing, a germline mutation at FANCA D1359Y was
identified. We identified several recurrent mutations in
DNA methylation (TET1 , V873I), the β-catenin pathway
(CTNNB1 , S45F) and RHO signaling pathway (PLEKHG5 ,
R203C) by comparing the genetic events between benign
and malignant gastric polyps. Furthermore, we revealed
gastric polyposis susceptible genes and genetic events
promoting malignant transformation using pathwaydriven targeted gene sequencing.

is an exceedingly rare disease, the genetic cause of
adenoma-adenocarcinoma consequence is unclear.
A recent large-scale investigation in gastric cancer
genomics found that there are four major subtypes
[4]
of gastric cancer . Although the molecular processes
driving tumorigenesis vary among patients, aberrations
in the Fanconi anemia (FA) pathway were observed in
[5]
all molecular subtypes of gastric cancer . Germline
mutations of genes encoding FA proteins are associated
with FA, a rare hereditary autosomal recessive syn
drome, characterized by progressive bone marrow fai
lure, variable congenital malformations, and increased
risk of cancers. Monoallelic mutation in FA genes, unlike
biallelic or homozygous gene mutation that causes
typical FA phenotype, can increase the susceptibility to a
[6]
variety of solid tumors in a sporadic manner . The major
cellular function of the FA pathway is to maintain stability
of genome during the process of DNA replication and
damage repair.
In this report, we explore the genetic profiles in a
patient with sporadic gastric polyposis and carcinoma.
We hypothesize that multiple biopsies from recurrent
gastric polyps will serve as an important model to study
gastric homeostasis and gastric tumorigenesis. We
have also sought to demonstrate the use of a pathwaydriven massive parallel genetic sequencing approach for
elucidating important tumoral characteristics.

Key words: Gastric polyposis; Gastric cancer; Adeno
carcinoma; Fanconi’s anemia; Malignant transformation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The genetic events that predispose benign
polyps to carcinoma are rarely explored in gastric cancer.
We studied a rare case that progressed from benign
gastric polyposis to gastric cancer and disclosed a mo
noallelic germline mutation (D1359Y) at Fanconi’s anemia
gene, which may contribute to the phenotype. Comparing
the genetic events between benign and malignant gastric
polyps, several recurrent mutations in DNA methylation
(TET1 , V873I), the β-catenin pathway (CTNNB1 , S45F)
and RHO signaling pathway (PLEKHG5 , R203C) were
identified.

CASE REPORT
Case description

A 65-year-old man, without significant medical history,
presented with recurrent passage of black stool and irondeficiency anemia (IDA) from the age of 48 (2002).
Multiple polypoid tumors at the stomach with easy touch
bleeding were noted by esophagogastroduodenoscopy
(EGD) since 2002. Systemic survey showed that the
polyposis was limited to the stomach and H. pylori
infection was absent. There was only one sporadic polyp
in the colon as shown by colonfibroscopy. The biopsy of
the gastric polyps showed hyperplastic polyps, in which
dilated, complex, tortuous, gastric, foveolar type glands
were seen.
After medical treatment with iron supplement, he was
essentially free of gastrointestinal symptoms and the levels
of hemoglobin were kept in subnormal ranges (11.5-12
g/dL) until 2011 when recurrent passage of tarry stool
with IDA developed. EGD was performed several times
during 2011-2015 (between the ages of 57 and 61). The
serial EGD showed the maximal size of gastric polypoid
tumors gradually increased from 1.5 cm in 2011, to 2.5
cm in 2012, and to 5 cm in 2015. Microscopically, surface
chronic ulceration and inflammation on the hyperplastic
polyps were noted between 2011 and 2012. In later
follow-ups in 2015, low-grade to high-grade intraepithelial
neoplasia and intramucosal carcinoma in the background
of tubular adenoma was found. CT of the abdomen in
2015 showed multiple intraluminal polypoid tumors and
an exophytic tumor at the upper jejunum (Figure 1).

Huang JP, Lin J, Tzen CY, Huang WY, Tsai CC, Chen CJ,
Lu YJ, Chou KF, Su YW. FANCA D1359Y mutation in a
patient with gastric polyposis and cancer susceptibility: A case
report and review of literature. World J Gastroenterol 2018;
24(38): 4412-4418 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i38/4412.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i38.4412

INTRODUCTION
Gastric cancer is one of the most common cancers
worldwide. Most gastric cancers are associated with
infectious agents such as Helicobacter pylori (H. pylori)
and Epstein-Barr virus (EBV) and a minority (1%-3%)
of gastric cancer cases are associated with germline
mutations in E-cadherin (CDH1) or mismatch repair
[1]
genes . H. pylori infection and certain genetic conditions
such as adenomatous polyposis coli (APC) gene mutation
are also associated with benign gastric polyps either in
[2,3]
sporadic or inherited form . Although benign gastric
polyps result from the accumulation of multiple genetic
and epigenetic alterations, only a minority of cases
progress to gastric cancer. Given that gastric polyposis
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Figure 1 Endoscopic findings and computed tomography scans of the abdomen of the patient at the diagnosis of gastric cancer. A: Multiple polyps in the
gastric body and duodenal bulb were demonstrated by EGD; B: The coronal and C: sagittal views from the CT scan; D: An exophytic mass measuring about 3.7 cm ×
3.5 cm was incidentally found in the proximal jejunum by CT. CT: Computed tomography; EGD: Esophagogastroduodenoscopy.

Therefore, the patient underwent subtotal gastrectomy
and resection of the jejunal tumor. In addition to benign
gastric polyposis, adenocarcinoma at the stomach and
gastrointestinal stromal tumor (GIST) at the jejunum were
diagnosed after surgery. After the procedure, there was no
further drop in the level of hemoglobin and no evidence of
recurrence of cancer was noted in the subsequent followups until the end of 2017.
The clinical course of gastric polyposis in this patient is
summarized in Figure 2. To study the genetic association
between benign gastric polyp, gastric adenocarcinoma,
and jejunal GIST, we used a commercially available
multiplexed gene sequencing panel (ACTOnco®, ACT
Genomics Co., Ltd. Taipei, Taiwan) that detects mutations
in 409 genes pertinent to cancer treatment, prognosis,
and diagnosis.

(Advanced Analytical Technologies, Inc.) according to the
manufacturer’s protocol.
ACTOnco comprehensive cancer panel sequencing:
Eighty nanograms of genomic DNA from each sample
were amplified using four pools of 15992 primer pairs (Ion
AmpliSeq Comprehensive Cancer Panel, Thermo Fisher
Scientific) to target all coding exons of 409 cancer-related
genes (1688650 target bases). Amplicons were ligated
with barcoded adaptors using the Ion Ampliseq Library
Kit (Thermo Fisher Scientific). They were subsequently
conjugated with sequencing beads by emulsion polyme
rase chain reaction and enriched using IonChef (Thermo
Fisher Scientific) according to the manufacturer’s protocol.
Sequencing was performed on the Ion Proton Sequencer
with the Ion PI chip (Thermo Fisher Scientific).
Raw data generated by the sequencer were mapped
to the hg19 reference genome using Ion Torrent Suite
(v. 4.4). Single nucleotide variants (SNVs) and short
insertion/deletions (INDELs) were identified using the
Torrent Variant Caller plug-in. Variant Effect Predictor (VEP)
was used to annotate every variant. Genetic alterations of
all coding exons and all exon-intron boundaries covered
by the gene panel were analyzed. Identified variants were
included both in protein-coding sequences and splicesite variants. For variants in protein-coding sequences,
only non-synonymous mutations were analyzed. Any
variant with less than 25 reads or lower than 5% variant
frequency was filtered out. With the threshold for filtering,
99% of the captured region was covered in each case.
Total numbers of mapped reads in the studied samples

Materials and methods

Ethic approval: The approval for conducting this study
was granted by the Ethic Committee of Mackay Memorial
Hospital, No. 15MMHIS190e. Informed consent was
obtained from the patient.
Sample preparation: DNA from formalin-fixed paraffinembedded tumor specimens (benign gastric polyp,
gastric adenocarcinoma, and jejunal GIST tumor) were
extracted using QIAamp DNA FFPE Tissue Kit (Qiagen
Inc., Valencia, CA, United States) according to the
manufacturer’s protocol. DNA was quantified using
Quant-iTTM dsDNA HS Assay (Invitrogen) and tested for
the integrity of genomic DNA using Fragment Analyzer™
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2002

2012

2015

EB C
F
Gastric polyposis
Intestinal tumor

A
Clinical
Pathologic

Genomic

Gastric
polyposis
Hyperplastic
polyp

Not
applicable

Gastric polyposis
(A) Hyperplastic polyp

Germline
Somatic

A. NONE

D

(B,C) Tubular adenoma
(D,E) Gastric adenocarcinoma
(F) Jejunal GIST

FANCA, BAI3, RIPS6KA2
Benign polyp:
B. TET1, GNAS
C. TET1, PLEKHG5, SMAD4, CTNNB1
Carcinoma
D. PLEKHG5, BAI3, P53
E. PLEKHG5, CTNNB1
GIST:
F. KIT, RSIP1, BCL9, NKX2-1

Figure 2 Chronological summary of the clinical, pathologic, and genomic findings of gastric polyps and tumor specimen labeling (A-F) for massive
parallel sequencing. GIST: Gastro-intestinal stromal tumor.

polyp to adenomatous polyp, then led to malignant
transformation after 13 years of follow-up, and a jejunal
GIST was identified incidentally. Because the polyps
spread throughout the whole stomach and no other
family members were affected by similar disease, the
patient did not fulfill the diagnostic criteria of Gastric
Adenocarcinoma and Proximal Polyposis of the Stomach
(GAPPS), a recently described autosomal-dominant
heritable syndrome characterized by isolated proximal
[7,8]
gastric polyposis and risk of gastric cancer . Therefore,
we studied the genomic profiles from benign to malignant
polyp by massive parallel sequencing and unexpectedly
identified that the patient was a germline carrier of
FANCA, BAI3, and RPS6KA2 mutations. Comparing the
genomic profiling from benign to malignant gastric polyp
and jejunal GIST revealed clonal evolution between
gastric polyposis and not jejunal GIST.
The adenoma-carcinoma sequence, first proposed
in the 1990’s, is now a widely accepted theory of stepwise carcinogenesis from normal epithelium to adenoma,
carcinoma in situ, and invasive and metastatic tumor in
[9]
colorectal cancer . Genomic instability plays a critical
role to initiate and facilitate the adenoma-carcinoma
[10]
sequence . In this case, the monoallelic germline
mutation (D1359Y) in a DNA damage repair (DDR)
gene, FANCA, might account for the predisposition to
chromosomal instability and the development of tumors.
FA is a rare, genetically heterogeneous syndrome
with an increased predisposition to cancers and bone
[11]
marrow failure . To date, mutations in 16 genes have
been identified in FA, including FANCA, B, C, D1/BRCA2,
FANCD2, E, F, G, I, J, L, M, N/PALPB2, FANCO/RAD51C,
[12]
FANCP/SLX4, and FANCQ . The above proteins work
together in the FA pathway in response to DNA damage
to coordinate DNA repair and maintain genomic stability.
Therefore, mutation in any of the 16 FA genes may lead

were between 20907271 and 37358579. The mean base
coverage depth ranged from 1355 to 2397. Variants that
were included in 1000 Genomes project Phase 1 (Asian
populations) with > 1% minor allele frequency (MAF)
were considered as polymorphisms and excluded from
further analysis.

results

Mutational analysis of benign and malignant
gastric polyps, and jejunal gastrointestinal stromal
tumor: Massively parallel sequencing for a panel of 409
cancer-related genes in these tumors identified three
germline mutations (BAI3 p.S311W, FANCA pD1359Y,
RPS6KA2 p.T595I) and twelve somatic mutations in three
benign and three malignant tumors (Table 1). Among
the benign tumors, there was no identifiable somatic
mutation in the hyperplastic polyp collected in 2011.
However, several newly developed somatic mutations
were found four years later: TET1 p.V873I and GNAS
p.R844C in one adenomatous polyp, and TET1 p.V873I,
SMAD4 p.R361C, CTNNB1 p.S45F, and PLEKHG5 p.R203C
in another adenomatous polyp with low-to-high-grade
intraepithelial neoplasia. In the malignant gastric polyps,
two new mutations (BAI3 pL617P, and P53 p.K164fs)
were found, but no mutations in TET1 or SMAD4 were
identified. The jejunal GIST tumor harbored unique
somatic mutations in KIT p. S501_A502insAY, RSIP1
p.S514N, BCL9 p.A1191G, BCL9 p.P1195A, and NKX2-1
p.F209L, which were not observed in either benign or
malignant gastric polyps.

DISCUSSION
We reported a patient with H. pylori-negative gastric
polyposis presenting with bleeding and anemia from
the age of 48. The polyp progressed from hyperplastic
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Table 1 Single nucleotide variants and short insertion/deletions in benign and malignant gastric polyps, and jejunal gastrointestinal
stromal tumor identified in a comprehensive cancer panel sequencing screen containing 409 cancer-related exons
Gene

DNA change

Amino acid change

A
Hyperplastic
polyp

1

FANCA
1
BAI3
1
RPS6KA2
TET1
GNAS
SMAD4
CTNNB1
PLEKHG5
BAI3
P53
KIT
PSIP1
BCL9
BCL9
NKX2-1

c. 4075G>T
p. D1359Y
c. 932C>G
p. S311W
c. 1784C>T
p. T595I
c. 2617G>A
p. V873I
c. 2530C>T
p. R844C
c. 1081C>T
p. R361C
c. 134C>T
p. S45F
c. 607C>T
p. R203C
c. 1850T>C
p. L617P
c. 489dupC
p. K164fs
C1502_1503insTGCCTA p. S501_A502insAY
c. 1541G>A
p. S514N
c. 3572C>G
p. A1191G
c. 3583C>G
p. P1195A
C627C>A
p. F209L

1.5 cm
48.40%
50.30%
48.00%

B
C
D
E
Benign polyp
Malignant polyp
Tubular
Tubular adenoma Tubular adenoma Tubular adenoma
with focal
with signet
adenoma
with low-to-highintramucosal
grade intraepithelial ring cell gastric
carcinoma
adenocarcinoma
neoplasia
2.5 cm
N/A
2.5 cm
5 cm
54.00%
47.50%
52.00%
37.80%
46.10%
40.90%
50.40%
51.30%
49.40%
47.70%
45.70%
51.50%
10.10%
7.40%
6.30%
6.40%
23.60%
4.20%
40.70%
15.30%
35.40%
37.70%
49.90%

F
Jejunal
GIST

N/A
45.70%
49.30%
48.40%

37.30%
14.00%
13.10%
13.00%
7.50%

1

Somatic mutation. Percentage indicates variant frequency of the mutation. GIST: Gastro-intestinal stromal tumor.

[23,24]

inhibitor, high salt diet, and smoking
. In response
to tissue damage from the environmental stimuli, the
stomach can initiate a regenerative program to accelerate
stem cell division and lineage differentiation to replenish
[25]
damaged cells . In this study, two somatic mutations
frequently found in gastric cancer were identified in
malignant polyps: tumor suppressor genes TP53 and
oncogene CTNNB1. Interestingly, PLEKHG5, a less
described mutation in gastric cancer, was found in three
out of five examined samples, and TET1 mutation was
only identified in two benign polyps.
PLEKHG5, a member of pleckstrin homology and
Rho guanine nucleotide exchange factor domaincontaining G protein family, is currently considered to
play a role in activating RhoA exchange factors and the
[26]
nuclear factor kappa B (NFκB) signaling pathway . The
cellular function of PLEKHG5 is to promote cell polarity,
migration, adhesion, and degradation through the
[27,28]
interaction with RHO downstream effectors
. In the
[5]
molecular subtypes proposed by TCGA , RHOA mutation
was found almost exclusively in genomically stable
tumors. Although PLEKHG5 mutation found in this study
may theoretically activate the RHOA-driven signaling
pathway and contribute to the invasive phenotype, its
actual cellular function remains to be experimentally
elucidated.
TET1, tet methylcytosine dioxygenase 1, belongs
to the TET protein family and plays a role in DNA me
thylation and gene activation. One recent study reported
that TET1 can inhibit gastric cancer growth and AKT
signaling through demethylation and re-expression of
[29]
PTEN . To our knowledge, only one breast cancer cell
line, HCC1143, was reported to have this mutation (TET1
V873I) from dbEM (A database of epigenetic modifier,

to defects in DDR and chromosomal instability.
Germline FANCA mutation is the most frequent in
[13]
patients with FA but less reported in other solid tumors .
In the TCGA database, somatic mutations in FANC
[5,14]
genes were approximately 3% in stomach cancer
.
Hierarchical clustering analysis showed that the DDR
pathways, especially the FA pathway, were deranged
[5]
across all subtypes of gastric cancer . FANCA D1359Y,
the amino acid substitution found in our case, results in a
[15]
change from a charged to a hydrophobic amino acid .
It not only has a weaker interaction with FANCC and
FANCG but also affects the ubiquitination of FANCD2 and
[16]
subsequent cellular response to DNA damage .
The association with clinical development of cancers
is different in homozygous and heterozygous germline
FA gene mutation carriers. In patients with inherited
homozygous (biallelic) mutations of FA genes, the rela
tive risk of nonhematologic malignancies is increased
especially for squamous cell carcinomas (700-fold
more affected than the normal population) and the
median onset age of cancers is much earlier (16 years
old in affected compared to 68 years old in non-FA
[17,18]
population)
. In contrast, heterozygous (monoallelic)
FA gene mutations somatically do not cause the FA phe
notype but significantly increase cancer susceptibility in
a sporadic manner, e.g. later onset without overt family
[6]
history . Some of the FA genes (FANCD1, FANCD2,
FANCJ, FANCN and FANCO) have been described as
[19-22]
breast and ovarian cancer susceptibility genes
. To
our knowledge, our case is the first report of a FANCA
mutation in gastric polyposis and cancer.
In addition to genetic susceptibility, environmental
factors play critical roles in the development of gastric
cancer, such as H. pylori, chronic use of a proton pump
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gastric polyposis susceptible gene.

www.crdd.osdd.net). In this study, TET1 mutation was
recurrently seen in benign polyps but not in malignant
lesions. Whether this mutation can prevent malignant
transformation requires more investigation.
To our knowledge, the association between an FA
gene mutation and a gastric polyp or an adenocarcinoma
has not been reported.
With the advent of new sequencing technologies,
we were able to detect germline mutations/variations
that may cause susceptibility to the development of
gastric polyps and cancer, which might shed light in
finding potential genetic events contributing to malig
nant transformation. Although more research is needed
to elucidate the cellular phenotypes of the mutations
observed in our study and their role in gastric carcino
genesis, the advent of a pathway-driven genomic
profiling approach brings clinicians closer to the central
cause of the disease and holds a great potential in
providing better care for individuals.
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Portal vein thrombosis (PVT) is a frequent and serious
complication in patients with liver cirrhosis (LC). Recently,
a new classification of PVT was proposed, although the
functional component was not completed included. The
status of liver disease (compensated/decompensated)
should be added to this classification. Reduced portal
flow velocity and the acquired hypercoagulable status
associated with LC are the main risk factors for PVT
development, although endothelial dysfunction may play
an important role that needs to be further evaluated.
The European Association for the Study of the Liver and
the American Association for the Study of Liver Disease
recommend that the anticoagulant treatment should be
consider in cirrhotic patients with PVT. Low molecular
weight heparin and vitamin K antagonists proved their
efficacy and relatively safety in PVT treatment, although
in addition to recanalization rates, more complex endpoints such as mortality and decompensation rate
should be evaluated. The new oral anticoagulant
therapies offers the advantage of oral administration
in the absence of laboratory monitoring, however,
there are a few reports regarding their use in cirrhotic
patients, most of them referring to compensated
isolated cases. Transjugular intrahepatic portosystemic
shunt could be an alternative if thrombosis progresses
despite anticoagulatant therapy and/or when PVT is
associated with portal hypertension complications. The
aim of this editorial is to discuss the different aspects
of pathophysiology, clinical relevance, diagnosis and
management of PVT in patients with LC.

Author contributions: Gîrleanu I, Stanciu C, Sfarti C and
Trifan A conceived and design the editorial; Gîrleanu I and Sfarti
C wrote and revised the manuscript; Trifan A and Stanciu C
critically revised the manuscript for important intellectual content
and gave the final approval of the version to be published; all
authors approved the final version of the manuscript.
Conflict-of-interest statement: The authors have no conflict of
interest to declare.
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/
Manuscript source: Invited manuscript
Correspondence to: Anca Trifan, MD, Doctor, Professor,
Department of Gastroenterology, “Grigore T Popa” University
of Medicine and Pharmacy, 16 Universitatii St, Iași 700115,
Romania. ancatrifan@yahoo.com
Telephone: +40-72-6108428
Fax: +40-23-2211820
Received: July 27, 2018
Peer-review started: July 28, 2018
First decision: August 27, 2018
Revised: September 2, 2018

WJG|www.wjgnet.com

Key words: Portal vein thrombosis; Liver cirrhosis;
Classification; Risk factors; Anticoagulation

4419

October 21, 2018|Volume 24|Issue 39|

Gîrleanu I et al . Portal vein thrombosis in cirrhotic patients
[8]

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

and BAVENO VI consensus recommend that the
anticoagulant treatment should be considered, without
any strong clinical evidence The aim of this editorial is to
discuss the different aspects of pathophysiology, clinical
relevance, diagnosis and management of non-malignant
PVT in patients with LC.

Core tip: Portal vein thrombosis is a frequent and
serious complication in patients with liver cirrhosis. The
new classification needs to be validated and should
contain the pattern of thrombus evolution and the status
of liver cirrhosis- compensated or decompensated. The
two main risk factors - reduced portal flow velocity and
the hypercoagulable state should be addressed more
extensively in large studies, considering the stage of
liver disease. The anticoagulant treatment could be
considered in cirrhotics with portal vein thrombosis.
The end-points of the anticoagulant treatment should
consider the recanalization, decompensation, and the
mortality rates.

DEFINITIONS AND CLASSIFICATIONS:
OLD AND NEW
PVT refers to partial or complete occlusion of the portal
vein trunk which can includes its right and/or left
intrahepatic branches, with the possibility to extend
either to the superior mesenteric vein or to the splenic
vein.
PVT includes two different entities: the first one
is acute PVT defined by the sudden formation of
a thrombus within portal vein and often involving
mesenteric or splenic veins, and the second is chronic
PVT (also known as cavernoma). The AASLD defined
acute PVT as the sudden formation of a thrombus
within the portal vein lumen, and chronic PVT as the
replacement of the obstructed portion is replaced
network of collaterals resulting in the cavernomatous
[6]
transformation of the portal vein . The EASL defined
recent PVT as a recent formation of a thrombus
within the portal vein and/or right or left branches,
while chronic PVT is characterized by the absence
of recanalization and development of porto-portal
collaterals resulting in a cavernomatous transformation
[7]
of the portal vein .
These definitions, otherwise simple and easily
interpreted, are based only on anatomic findings,
lacking any clinically significant consequences of
thrombotic occlusion of the portal vein such as portal
hypertension and ascites. Taking into account this
[9]
aspect, Sarin et al proposed that PVT should be
defined as a clinical syndrome presenting itself either
as an incidental finding or with variable signs and
symptoms such as: abdominal pain, new onset of
ascites, variceal bleeding or intestinal infarction.
During the past two decades at least eight classi
fications of PVT have been proposed; the first one
[10]
[11]
by Stieber et al in 1991, another by Yerdel et al
in 2000, and the last by de Franchis (Baveno VI
classification) in 2015 (Table 1). All these classifications
have several limitations: they are purely anatomic, with
no functional relevance, or clear delineation between
acute and chronic forms, no etiology assessment and,
no clinical therapeutic decisiveness.
[9]
Sarin et al have proposed a new classification of PVT
in cirrhosis which is an anatomico-functional classification
including the site of PVT, degree of portal venous system
occlusion, extend of PVT, duration and presentation
(recent, chronic asymptomatic, symptomatic), type
and presence of underlying liver disease (cirrhotic, noncirrhotic, post-transplant, HCC) (Table 2).
The prognostic value and the influence of this new
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INTRODUCTION
Portal vein thrombosis (PVT) is a frequent and serious
complication in patients with liver cirrhosis (LC).The
prevalence of PVT in patients with LC ranges from 0.6%
[1]
to 26% compared to 0.7 -1/100000 in the general
[2]
population . PVT has been increasingly diagnosed in LC
using noninvasive imaging techniques such as ultrasound
(US), computed tomography (CT) or magnetic resonance
imaging (MRI), with the highest prevalence at the time
[3]
of liver transplantation . PVT mechanisms in cirrhotic
patients shifted from a hypocoagulable state, due to
thrombocytopenia and decreased coagulation factors
levels, towards an acquired hypercoagulable state
characterized by decreased protein C, protein S and
[4]
antithrombin III levels and increased factor VIII levels .
PVT clinical presentation in cirrhotic patients is
heterogenous ranging from incidental diagnosis by US
during routine follow-up screening for hepatocellular
carcinoma (HCC) to life-threatening complications
such esophageal/gastric variceal bleeding or intestinal
[5]
infarction .
The diagnosis of PVT is based on imaging techniques:
Doppler US the first choice method (widely available,
cheap, without irradiation) or contrast enhanced
US. Contrast enhanced CT and MRI are superior to
Doppler US for the assessment of thrombotic extension
to venous branches difficult to be assessed by US
[6]
exam . The optimal treatment of nonmalignant PVT
in cirrhotic patients remains an unmet need. The
[7]
European Association for the Study of the Liver (EASL)
guideline for vascular diseases of the liver, the American
[6]
Association of the Study of the Liver Diseases (AASLD)
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Table 1 Portal vein thrombosis - Baveno VI - classification
Site of PVT

Type 1: Only trunk
Type 2: Only branch: 2a - one branch, 2b - both branches
Type 3: Trunk and branches
R: Recent
Ch: Chronic
C: Cirrhotic
N: Non-cirrhotic liver disease
H: HCC and other local malignancies
L: Post-liver transplant
A: Absence of underlying liver disease
I: Incomplete: Flow visible in PV lumen through imaging
T: Total: No flow visible in PV lumen on imaging
Splenic vein (S)
Mesenteric vein (M)
Both (SM)

Presentation
Type of underlying liver disease

Degree of portal venous system occlusion
Extent of PV system occlusion

PVT: Portal vein thrombosis; HCC: Hepatocellular carcinoma; PV: Portal vein.

[9]

Table 2 Anatomico-functional classification of portal vein thrombosis in cirrhosis
Site of PVT

Duration and presentation

Type of underlying liver disease

Degree of portal venous system occlusion
Extent of PV system occlusion

Type 1: Only trunk
Type 2: Only branch: 2a - one branch, 2b - both branches
Type 3: Trunk and branches
R: Recent (first time detected in previously patent PV)
Asymptomatic: (As)
Symptomatic: (S)- acute PVT features (with or without ABI)
Ch: Chronic (previously diagnosed PVT on follow-up, portal cavernoma and clinical features of PHT)
Asymptomatic
Symptomatic: Features of portal hypertension
Cirrhotic
Non-cirrhotic liver disease
HCC and other local malignancies
Post-liver transplant
Local malignancies
Associated conditions
O: Occlusive: No flow visible in PV lumen on imaging/Doppler study
NO: Nonocclusive: Flow visible in PV lumen through imaging/Doppler study
Splenic vein (S)
Mesenteric vein (M)
Both (SM)

PVT: Portal vein thrombosis; ABI: Acute bowel infarction; PHT: Portal hypertension; HCC: Hepatocellular carcinoma; PV: Portal vein.

classification in therapeutic decision remains to be
confirmed by future prospective studies. In our opinion
it is important to add the pattern of PVT evolution
(spontaneous recanalization, extension or stable) with
or without anticoagulant treatment, and the status of
the liver cirrhosis (compensated or decompensated) in
order to personalize the therapeutic approach.

demonstrated a 5-year cumulative PVT incidence in
[13]
LC of 10.7%, while Maruyama et al
performed a
retrospective analysis on 150 patients with LC followed
up for a median period of 66 mo and reported a 12.8%
cumulative overall incidence of PVT at 1 year, 18.6% at
3 years, 20% at 5 years, and 38.7% at 8-10 years.
Multiple studies evaluated the predictive factors
[12]
for PVT development in cirrhotic patients. Prior PVT ,
[14]
severe liver disease (Child-Pugh class A and B) ,
[15-17]
hypercoagulable status
, recent surgical or invasive
[18]
interventions of the abdomen , portal flow velocity
[16]
[12]
< 15 cm/s , and HCC , were described as having
predictive value for PVT development in cirrhotic patients.
In a recent Italian national multicenter study, including
[19]
753 cirrhotic patients, Violi et al , demonstrated that
previous portal vein thrombosis, Child-Pugh class B and C,
HCC, prior upper gastrointestinal bleeding, and older age
were independently associated with the presence of PVT.
The influence of cirrhosis ethiology on development

PREVALENCE AND PREDICTORS FOR
NON-MALIGNANT PVT: ETIOLOGY OF
LIVER CIRRHOSIS
PVT prevalence is estimated 0.6%-26% in patients
with liver cirrhosis, increasing proportionally with LC
[1]
severity . In patients with compensated cirrhosis
reported prevalence ranges from 1% to 8%-26% in
[3,4]
candidates for LT . However, there are few studies
[12]
that reported PVT incidence in LC. Thus, Nery et al
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[30]

of PVT has not been yet clearly defined. Nonami et al
in a research on 885 candidates for LT with PVT de
monstrated that alcoholic and hepatitis B virus related
cirrhosis were found to be the most frequent etiologies of
LC. The association between PVT and alcoholic etiology
[21]
[22]
was recently confirmed by Scheiner et al . Cruz et al
demonstrated that non-alcoholic steato-hepatitis was
more frequently associated with PVT (40.48%), followed
by hepatitis C virus (23.81%) and autoimmune hepatitis
(19.05%), all of these etiologies being characterized
by a significant pro-inflammatory status. By contrast,
in another study with 199 candidates for LT, no relation
was found between the etiology of liver disease and PVT
[23]
prevalence .

levels of von Willebrand factor and factor VIII .
There is growing evidence that hypercoagulability
is an important part of the hematological spectrum in
[25]
cirrhosis. Tripodi et al
demonstrated, using global
hemostasis assays, that in cirrhotic patients there is a
normal or even increased thrombin generation. Liver
cirrhosis is characterized by a decrease in procoagulant
factors (fibrinogen, factor II, V, X, VII, IX, XI, XII)
and anticoagulant factors (protein C, protein S and
[4,31,32]
[33]
antithrombin III)
. In another study Tripodi et al
confirmed that protein C deficiency is the most important
factor that contributes to the procoagulant status in LC.
[34]
Rossetto et al
performed a more complex analysis
of the coagulation cascade in cirrhotics with PVT and
demonstrated that the complex factor VIIa-antithrombin
was significantly higher in PVT patients compared to
healthy volunteers. These data were not confirmed
[35]
by two recent studies conducted by Chen et al
and
[36]
Tang W et al , the results of their case-control analysis
concluded that there was no difference regarding the
pro- and anticoagulant factors between patients with and
without PVT matched for age, sex and Child-Pugh score.
The fibrinolytic system also is involved in PVT
development in cirrhotic patients. LC is characterized
by increased tissue-type plasminogen activator and
plasminogen activator inhibitor-1 levels, and decreased
plasminogen, alpha 2-antiplasmin and thrombin[37]
activable fibrinolysis inhibitor levels . This abnormalities
in the fibrinolytic cascade could explain the spontaneous
recanalization of PVT as described in almost a quarter of
[38]
the cirrhotic patients .
Inherited thrombophilic disorders are reported in
up to 70% of patients with cirrhosis and PVT. The most
important genetic abnormalities are factor II mutation
(G20210A), factor V mutation and the homozygous
polymorphisms of methylenetetrahydrofolate reductase
[39,40]
[17]
(MTHFR) C677T gene mutation
. D’Amico et al
confirmed the influence of MTHFR gene mutation in
PVT pathogenesis along with the plasminogen activator
inhibitor-type 1 4G-4G mutation. Although, it should
be mentioned that the prospective longitudinal found
studies no clear relationship between inherited factors
and PVT development.
Other inherited prothrombotic conditions as hyperho
[40]
[41]
mocysteinemia
antiphospholipid syndrome
or
[42]
myeloprolipherative disorders were evaluated, but did
not proved as major risk factors for PVT development in
cirrhotic patients.
There is evidence that in cirrhotic patients, markers of
endothelial dysfunction, including von Willebrand factor,
P-selectin and isoprostanes, are up-regulated, suggesting
that endothelial cells may favor the PVT development in
[4]
[43]
cirrhosis . Also, Carnevale et al
demonstrated that
the lipopolysaccharide from Escherichia coli stimulates
factor VIII production from the endothelial cells.
Endotoxemia may play an important role in activating
the clotting system in portal and systemic circulation
and could represent an underlying mechanism for PVT.

MECHANISMS LEADING TO PVT IN
LIVER CIRRHOSIS
The physiopathological mechanisms of PVT remain
controversial, although many of them have been by
now demonstrated. Even if, the interest in LC associated
PVT have been increasing during these last years,
considering the complex tests, such as the global test
for coagulation assessment -thrombin generation assays
[24-26]
or thrombelastometry used to characterize PVT
in
cirrhotic patients, there are still a lot of missing pieces
from the big picture of PVT.
PVT is a disease with multifactorial causes and,
in some particular cases it is triggered by a genetic
predisposition. The components of Virchow’s triad
(venous stasis, hypercoagulable state and endothelial
dysfunction) are recognized as the main factors involved
[4,13,15,16]
in PVT development in cirrhotic patients
.
Reduced portal flow velocity was admitted to be as
the most important risk factor for PVT development in
LC, although this parameter varies significantly according
[16,19]
[16]
to the degree of liver disease severity
. Zocco et al
demonstrated for the first time that portal vein velocity
under 15 cm/s predisposes to PVT development and,
[27]
recently, Stine et al confirmed these results in a match
case-control study. This theory started a long-debated
argument that non-selective β-blockers (NSBBs) may
induce PVT in liver cirrhosis. In a small study on 56
patients with liver cirrhosis, evaluated for PVT every
[28]
6 mo, Zampino et al
demonstrated that the use
of NSBBs could be an independent predictor for PVT
development, although no other study has yet confirmed
this hypothesis.
Liver cirrhosis is associated with profound and
complex coagulation defects, involving platelets number
and function, pro- and anticoagulant factors, as well as
[4]
fibrinolytic system .
It’s a well known fact that patients diagnosed
with LC present thrombocytopenia, mostly secondary
to increased splenic destruction, but also due to
[29]
thrombopoetin deficiency . Although the platelet
number is low, their function is not impaired, moreover
platelet hyperreactivity is associated with increased
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The bacterial translocation determines inflammation
which leads to hemodynamic alterations and ultimately
[44]
to an increase in portal pressure . There are studies
that describe portal endotoxemia as a triggering factor
of the coagulation cascade in cirrhotic patients, although
a recent small study on 49 patients with cirrhosis
found that endotoxemia and platelet activity were not
[45]
associated to PVT . Vascular endothelial dysfunction
may play a role in the pathogenesis of PVT. All these risk
factors could explain the favorable role of prophylactic
administration of enoxaparin in delaying the hepatic
[46]
decompensation and improving survival .
The two main risk factors for PVT in LC-reduced
portal flow velocity and the procoagulant status should
be addressed more extensively in large studies,
considering two different scenarios: compensated
and decompensated liver disease. This discrimination
could influence not only the understanding of the
physiopathological mechanism of PVT development, but
also the indication for a certain anticoagulant therapy.
Obviously, data received while using the in vitro
complex coagulation assessment should be considered
[25]
carefully and not used for generalization . Furthermore,
data provided by the use of only one type of coagulation
parameter should be partially considered, as there are
several studies with different results in regard to pro[35,36]
and anticoagulant factors levels in PVT
. As we
advanced in understanding the underlying molecular
mechanism of thrombosis, the coagulation investigation
in cirrhotic patients becomes more complicated, timeconsuming, and expensive, thus affordable only to
large clinical laboratories. Unfortunately, this kind of
comprehensive specific analysis of coagulation disorders
in cirrhotic patients with PVT has not yet been conducted,
while most of PVT and liver cirrhosis studies remain
inconclusive, being based on a small sample size.
The screening for underlying thrombophilic con
ditions should be considered especially in patients
with compensated liver disease in whom the vascular
component of the Virchow’s triad is not so important.
A special category of cirrhotic patients with PVT is
represented by those patients in whom PVT extends
despite the administration of anticoagulant therapy or
reappears after spontaneous recanalization. In such
patients there are other risk factors which should be
identified such as endothelial dysfunction, genetic
thrombophilic disorders or undiagnosed neoplasia that
could predispose to PVT.

thus highlighting the need for individualized treatment
and randomized trials on the benefit/risk ratio of
anticoagulation in cirrhotic patients.
[7]
[47]
The EASL 2015 and 2018 guidelines for vascular
diseases of the liver and for the management of
patients with decompensated liver cirrhosis state that
anticoagulant treatment must be considered in cirrhotic
patients with PVT following the implementation of an
adequate prophylaxis for gastrointestinal bleeding,
[6]
while in 2009 the AASLD recommended at least three
months of anticoagulant use in the treatment of PVT,
irrespective of the presence of cirrhosis.
Although the guidelines accepted the anticoagulant
treatment or TIPS as therapeutic option for PVT in LC
not all centers accepted the idea in the daily clinical
practice, so that to treat or not to treat PVT in LC it still
remains an open issue.

Low-molecular-weight heparin and vitamin K
antagonists

The uncertainty regarding the real efficacy of an
anticoagulant treatment derives from the data reporting
the natural history of PVT in LC. Studies evaluating the
anticoagulant treatment have reported that spontaneous
recanalization of the portal vein in the absence of
[12,13]
anticoagulant treatment is unusual
. In the study
[48]
by Francoz et al
no patient achieved recanalization
in the absence of anticoagulation, while 42% achieved
recanalization while under anticoagulant therapy. Senzolo
[49]
et al reported thrombus progression in 75% of patients
who did not receive anticoagulant treatment, compared
to only 15% of treated patients. There are limited
studies reporting on the use of anticoagulation for PVT
in patients with cirrhosis. In all these studies, complete
recanalization has been described in 33%-45% of cases,
while partial portal vein recanalization was observed in
[48-53]
15%-35% of cases
. Small sample size is one of the
major problems of nearly all such investigations. The
most cited side effect was the bleeding from different
sites: gastrointestinal (variceal bleeding, postligation
ulcer, peptic ulcer), intracerebral hemorrhages, epistaxis
[48-53]
and hematuria
.
In order to overcome the small sample size bias and
increase the efficacy and safeness of the anticoagulant
treatment in patients with PVT and LC, two meta[54,55]
[54]
analysis have recently been published
. Qi et al
concluded in 2015 that anticoagulation could achieve
a relatively high rate of portal vein recanalization in
cirrhotic patients with PVT, information confirmed by
[55]
another meta-analysis published by Loffredo et al
in
2017.
The attendant optimism is, at least in part, based on
the relatively safeness of the anticoagulant treatment,
including the pleiomorphic effect of reducing fibrogenesis
[56]
by thrombin antagonism . For a better evaluation of
the anticoagulant treatment in patients with LC other
end-points should be established such as short-term
and long-term mortality and decompensation or further

WHEN AND HOW TO TREAT PVT IN
LIVER CIRRHOSIS
The main goal of PVT treatment is to restore the portal
blood flow and prevent the thrombus extension.
[8]
The Baveno VI Consensus , published in 2015,
recommends the anticoagulant treatment in cirrhotic
patients with PVT who are potential candidates for LT,
while no recommendation is made for non-candidates,
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decompensation rate. Achieving PVT recanalization is
only one of the goals of anticoagulant therapy in cirrhotics
with PVT, and it is far more important to document the
real impact of recanalization on LC evolution in order to
confirm the benefits of this controversial treatment.
If the anticoagulant treatment is the first thera
peutic option for cirrhotic patients with PVT, the ideal
anticoagulanthas not been developed yet. Low-molecularweight heparin (LMWH) and vitamin K antagonists (VKAs)
are the anticoagulant drugs recommended for PVT
treatment, but they have some disadvantages: efficacy
of LMWH may be significantly decreased (up to 40%)
due to lower levels of antithrombin III synthesis by the
liver, and the coagulopathy secondary to liver disease
frequently results in an elevated International Normalized
Ratio (INR) and thus utilizing the INR to guide dosing of
[6-8]
VKAs is particularly challenging .

et al
compared the DOAC rivaroxaban with warfarin
in 80 patients with virus C compensated cirrhosis. They
reported a 85% recanalization rate, in contrast with the
45% in patients treated with warfarin, higher shortterm survival rate and fewer gastrointestinal bleeding
[64]
events in patients treated with DOACs. Nagaoki et al
compared edoxaban and warfarin in cirrhotic patients
with PVT and, concluded that edoxaban is an effective
anticoagulant treatment, although most of the events
involving the gastrointestinal bleeding were associated
with the administration of edoxaban(15% vs 7%).
The recent literature does not establish with
certainty the role of DOACs in treating PVT in cirrhotic
patients, and further large clinical trials are needed
confirm if the DOACs can be used effectively and safely
in Child-Pugh A or B liver cirrhosis.

Transjugular intrahepatic portosystemic shunt

Direct oral anticoagulants and PVT treatment

Classically considered contraindicated in PVT, TIPS
could be an alternative particularly if thrombosis pro
gresses despite satisfactory anticoagulation and/or
when PVT is associated with severe portal hypertension
[1,48]
complications
. However, in such cases, TIPS is
expected to be technically challenging with a higher failure
[48,65]
rate
and should be attempted only in experienced
centres. TIPS may be a treatment option in patients with
acute PVT. In chronic PVT or portal cavernoma TIPS is
unsuccessful if the lumen of thrombosed portal vein is not
catheterizable and cavernomatous vein is not amenable
to dilatation.

The direct oral anticoagulants (DOACs) - thrombin
inhibitors (dabigatran) and activated factor X inhibitors
(rivaroxaban, apixaban or edoxaban) overcame the
numerous drawbacks of traditional anticoagulants and
proved their efficacy and saffness in stroke prophylaxis
in nonvalvular atrial fibrillation, venous thrombembolism
prophylaxis in orthopaedic patients, and the treatment of
[57]
acute pulmonary embolism and deep vein thrombosis .
DOACs offer the advantage of oral administration, the
absence of laboratory monitoring, and an antithrombin
III independent mechanism of action. Rivaroxaban and
apixaban are 67% metabolized in the liver, with half-lives
[58]
of 5-9 h and 12 h respectively , their concentration
depending on the plasma bounding proteins. Edoxaban
is 50% metabolized by the liver with a half-live of
[58]
10-15 h . Dabigatran has limited hepatic metabolism,
minimal binding to plasma proteins, and longer half-life
[57]
(12-14 h) . Another advantages of dabigatran is the
development of an antidote - idarucizumab - monoclonal
[59]
inhibitor antibody .
However, there are few reports regarding their use
in cirrhotic patients, most of which in compensated
isolated cases. Rivaroxaban is the most studied DOACs
[60]
for the treatment of PVT . There is little scientific
evidence regarding the use of DOACs in cirrhosis with or
without PVT, and even fewer well-designed prospective
studies
In the VALDIG study, major bleeding requiring
discontinuation of DOACs was seen in two of 258
(0.71%) patients without cirrhosis and in one of 36
[61]
[62]
(2.7%) patients with cirrhosis . Intagliata et al
retrospectively evaluated class Child-Pugh A and B
cirrhotic patients having received DOACs treatment for
different conditions. Two thirds of the patients received
DOACs for PVT treatment. There are no data reported on
the recanalization rate. Major bleeding events occurred
in 5% of the patients and a paradoxically PVT recurrence
during the anticoagulant treatment was described. In
a clinical trial assessing the efficacy of VKAs, Hafany
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FUTURES PERSPECTIVES: UNMET NEEDS
Although new data on the mechanisms of PVT
development in cirrhotic patients was published and a
new complex classification is proposed, there are still a
lot of puzzle pieces missing in the big picture of PVT.
The prognostic value of the new PVT classification
remains to be confirmed by future prospective
studies, without omitting the pattern of PVT evolution
and the status of the liver cirrhosis (compensated or
decompensated).
Controversies persist regarding the mechanism
leading to PVT in LC. The influence of each previously
described risk factor, in the pathogenesis of PVT needs
to be demonstrated. The role of microbiota and the
influence of endotoxinemia in the development of PVT
in compensated LC must also to be addressed. The
natural history of PVT should be described in large
multicenter studies in order to identify predictors
for spontaneous recanalization and risk factors for
rethrombosis. Updated complex and global dynamic
coagulation tests should be developed and validated
to assess the coagulation disorders in cirrhotic patients
with PVT and even anticoagulant therapy monitoring.
The ideal anticoagulant treatment of PVT in cirrhotic
patients is not yet described. DOACs are used off label
for PVT treatment in LC despite the lack of randomized
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control trials confirming the safety and efficacy. The
end-points of these studies should also include shortterm and long-term mortality rates together with
decompensation outcomes.
No doubt, many advances have been made during
the last decade regarding different aspects of PVT
pathophysiology and treatment in cirrhotic patients,
although this complication of liver cirrhosis still has
more questions than answers.
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Colorectal cancer (CRC) is the third most common
cancer of mortality in the world. Chemotherapy based
treatment leads to innumerable side effects as it delivers
the anticancer drug to both normal cells besides cancer
cells. Sonic Hedgehog (SHH), Wnt wingless-type mouse
mammary tumor virus/β-catenin, transforming growth
factor-β/SMAD, epidermal growth factor receptor and
Notch are the main signaling pathways involved in the
progression of CRC. Targeted therapies necessitate
information regarding the particular aberrant pathways.
Advancements in gene therapies have resulted in the
recognition of novel therapeutic targets related with
these signal-transduction cascades. CRC is a stepwise process where mutations occur over the time
and activation of oncogenes and deactivation of tissue
suppressor genes takes place. Genetic changes which
are responsible for the induction of carcinogenesis
include loss of heterozygosity in tumor suppressor
genes such as adenomatous polyposis coli, mutation or
deletion of genes like p53 and K-ras. Therefore, many
gene-therapy approaches like gene correction, virusdirected enzyme-prodrug therapy, immunogenetic
manipulation and virotherapy are currently being
explored. Development of novel strategies for the safe
and effective delivery of drugs to the cancerous site is
the need of the hour. This editorial accentuates different
novel strategies with emphasis on gene therapy and
immunotherapy for the management of CRC.

Author contributions: Tiwari A drafted the manuscript after
searching appropriate literature; Panda PK contributed in the
writing work; Saraf S and Verma A contributed the related
figures; Jain SK critically interpreted the findings of other
scientists and revised the final version of the manuscript.
Conflict-of-interest statement: No conflict of interest exists.
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/
Manuscript source: Invited manuscript
Correspondence to: Sanjay K Jain, PhD, Full Professor,
Pharmaceutics Research Projects Laboratory, Department of
Pharmaceutical Sciences, Dr. Hari Singh Gour Central University,
Sagar 470003, India. drskjainin@yahoo.com
Telephone: +91-7582-265457
Fax: +91-7582-264236
Received: July 10, 2018
Peer-review started: July 10, 2018
First decision: July 18, 2018
Revised: August 24, 2018
Accepted: October 5, 2018
Article in press: October 5, 2018

WJG|www.wjgnet.com

Key words: Colorectal cancer; Immunotherapy; Gene
therapy; Signaling; Targeted therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

4428

October 21, 2018|Volume 24|Issue 39|

Tiwari A et al . Targeting approaches, signaling pathways of CRC
suppression of the in vitro tumor forming colonies and
[4]
colon cancer proliferation in vivo .
Frizzled (Fz) receptors and low-density lipoprotein
receptor-related protein 5 or 6 (LRP5 or LRP6) are
the targets of the Wnt family of proteins. The primary
element of the Wnt/β-catenin signaling pathway is the
β-catenin destruction complex; which is comprised of
a tumor suppressor protein encoded by the antigenpresenting cells (APC) gene, Axin, CKI, and GSK3.
When the receptor binding does not occur, this complex
undergoes binding with the β-catenin protein (encoded
by CTNNB1 gene), which then undergoes degradation
through an ubiquitin-proteasome pathway. In contrary,
binding of the receptor by Wnt ligands causes the
deactivation of the β-catenin destruction complex and
accumulation of β-catenin. It is then translocated to the
nucleus for complex formation with T-cell factor/lymphoid
enhancer factor, a transcription factor, causing the
transcriptional actuation of the target genes. In majority
of colon cancers (sporadic) mutation of both alleles of
APC (a tumor suppressor gene) occurs which leads to
stabilization of β-catenin and stimulation of WNT pathway
genes, like TCF, which are needed for the maintenance
of colon crypt. In few colon cancers identification of point
mutation in β-catenin bearing wild-type alleles of APC
[5]
has been done . Aquaporin5 (AQP5), a water protein
channel, has an oncogenic activity in many types of
malignant cancers like CRC. The effect of AQP5 silencing
on 5-fluorouracil (5-FU) sensitivity was inquired in cancer
cells. It was observed that the Wnt/β-catenin pathway
mediated the 5-FU chemosensitivity. AQP5 silencing
suppressed the Wnt pathway. While, overexpression of
the β-catenin (S33Y) mutant (which shows resistance to
degradation) reversed the apoptosis process triggered
[6]
by AQP5 silencing . Berberine, which is an alkaloid
derived from plants and its synthetic 13-arylalkyl
derivatives have been accounted to possess antitumor
potential; they were investigated for their involvement
in Wnt/β-catenin signaling cascade. The cellular levels of
active β-catenin were found to decrease accompanied
by a rise in the expression of E-cadherin. The berberine
derivatives depicted a 100-times reduced EC50 values in
[7]
comparison to berberine for Wnt-repression . Esculetin,
(6, 7-dihydroxycoumarin) potentially inhibits the Wntβ-catenin pathway. It interrupted the β-catenin-Tcf
complex formation by binding with the Lys312, Gly307,
Lys345, and Asn387 residues of β-catenin in tumor cells.
Besides, esculetin efficaciously reduced the viability and
suppressed the anchorage-independent proliferation of
[8]
cancer cells . Novel Wnt signaling inhibitors, isopropyl
9-ethyl-1- (naphthalen-1-yl)-9H-pyrido (3, 4-b) indole-3carboxylate (Z86) have been recognized. Z86 suppressed
the Wnt signaling functions and genes expression in
mammalian cells. It suppressed the GSK3β (Ser9)
phosphorylation, causing its overactivity and elevating
[9]
the phosphorylation and β-catenin degradation .
TGF-β and BMP signaling pathways are often impaired
in CRC. Ligand-induced oligomerization of the TGFBR1
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a nutshell, this editorial highlights various novel targeting
approaches like gene therapy and immunotherapy which
could usher better targeting of CRC.
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INTRODUCTION
Colorectal cancer (CRC) is the third most predominant
cancer amongst the world. In 2017, 97220 and 43030
new patients of colon and rectum cancers were reported
in United States, respectively. CRC is manifested by the
development of adenomatous polyps and malignant cells
in the colon. These abnormal cells producing tumors
are characterized by uncontrolled replication and the
property of metastasis. The early detection, diagnosis,
and the utilization of efficient and safe delivery systems
would tremendously enhance the efficacy of therapy. The
novel targeting approaches (Figure 1), of raising concern
as manifested by cancer drugs in the past years, block
transduction pathways leading to the cell death through
apoptosis and triggering of the immune system, or
deliver anticancer drugs to cancer cells, reducing the side
effects. The major pathways which could be targeted for
CRC therapy are, Sonic Hedgehog (SHH), Wnt/β-catenin,
transforming growth factor-β (TGF-β)/SMAD, EGFR and
[1,2]
Notch pathways
(Figure 2).
The Hh pathway is crucial in the normal development
of various organs like gut epithelium. The Hh ligands bind
to the Patched protein (Ptch) receptor, which subdues the
activity of Smoothened (Smoh) receptor. Binding of the
ligands to PTCH1 results in the Smoh-mediated activation
of GLI transcription factors, which then modulates the
expression of various Hh target genes. The expression
of SHH, SMO, GLI1 mRNA in colon cancer tissues is
[3]
remarkably enhanced as compared to the normal cells .
Vismodegib is an Hh inhibitor which acts by targeting
Smoothened which is a modulator of the Hh pathway.
In order to enquire novel Hh antagonists with apoptosistriggering activity, a group of ~300 potential smoothened
antagonists were screened. In colon cancer cells,
Hh003 triggered caspase-dependent apoptosis whereas
no apoptotic activity was depicted by vismodegib. In
comparison to vismodegib, Hh003 displayed similar
suppression on the Hh pathway. Hh003 depicted more
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Figure 1 Various novel approaches for the treatment of colorectal cancer.
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Figure 2 Signaling pathways involved in colorectal cancer. TGF-β: Transforming growth factor-β; LRP: Lipoprotein receptor-related protein; Dsh: Phosphoprotein
Dishevelled; GSK3: Glycogen synthase kinase-3; CK1: Casein kinase 1; PI3K: Phosphoinositide 3-kinase; PIP2: Phosphatidylinositol biphosphate; PIP3:
Phosphatidylinositol 3,4,5-triphosphate; EGF: Epidermal growth factor; EGFR2: Epidermal growth factor receptor 2; BMPR: Bone morphogenetic proteins receptor;
BMP: Bone morphogenetic proteins; RAF: Rapidly Accelerated Fibrosarcoma; MEK: Mitogen-activated protein kinase; AKT: Protein kinase B; MAPK: Mitogenactivated protein kinases; SUFU: Suppressor of fused homolog.

serine/threonine receptor kinases leads to the initiation
of the signal cascade succeeded by the phosphorylation
of Smad1, Smad2 and Smad3 (signaling molecules).
This leads to their association with Smad4 (signaling
transducer) and translocation to the nucleus. Triggered
Smads modulate various biological effects by binding
to transcription factors and leading to the modulation
of transcription. Juvenile polyposis is observed in colon
cancer due to mutated Smad4 or BMPRI. In most of
sporadic colon cancers, the phosphorylation of Smad1,
[10]
Smad5 and Smad8 does not occur . Genistein (obtained
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from soybean) is an isoflavone possessing an anticancer
potential. A dose-dependent rise in TGF-beta1 mRNA
expression was found in MC-26 cells in mouse. It
stimulated the generation of Smad-DNA complexes and
phosphorylated Smad2 and Smad3, depicting enhanced
[11]
TGF-beta1 signaling .
The binding of epidermal growth factor and TGF to
the EGFR, leads to the stimulation of homodimerization/
heterodimerization of the receptor and phosphorylation
of specific tyrosine residues (P). This in turn stimulates
the downstream RAS/RAF/mitogen-activated protein
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Table 1 Nanotechnology based drug delivery systems for colorectal cancer targeting
System
Nanoparticles
Micellar delivery system
Self-nanoemulsifying drug delivery systems
(SNEDDS)
Small molecule-based theranostic system,
Gal-Dox
Polymeric micelles
Pressure-sensitive nanogels
Microspheres
Microbeads

Chemotherapeutic agent

Significance

Ref.

Resveratrol (RSV)

Sustained release of RSV (over 72 h), and drug solubility
enhancement
Enhanced the efficacy of hydrophobic chemotherapy
and reduced systemic toxicity
Enhancement of in vitro dissolution rate and anticancer
potential of drugs possessing low water solubility such
as sunitinib malate
Drug localization and site of action can be monitored

[17]

Improved efficacy of anticancer drugs and promoted the
growth of beneficial commensal flora in the gut
Higher 5-FU intracellular accumulation and a significant
cell death extension by apoptosis
Synergistic effect on colon cancer prevention and
inhibition
Exhibited reduction-responsive character, release the
DOX in reducing environments due to cleavage of the
disulfide linkers
Significant changes of Epithelial mesenchymal transition
genes and apoptosis
cRGD-modified liposomes displayed greater apoptosis

[21]

Docetaxel
Sunitinib malate

Doxorubicin
Tanshinone IIA (TAN)
5-Fluorouracil (5-FU)
Atorvastatin and celecoxib
Doxorubicin

Carboxymethyl dextran (CMD) chitosan
nanoparticles
Liposomes

Small interfering RNA
Apatinib

kinase (MAPK) and phosphoinositide 3’-kinase (PI3K)
signaling pathways and expression of genes responsible
for cell proliferation, angiogenesis and metastasis.
KRAS2 and BRAF mutations have been seen in colon
cancer. Mutations in PIK3CA which is the p110α catalytic
subunit of PI3K have also been observed in few cases
[12]
of colon cancers . Everolimus (an inhibitor of mTOR)
in combination with nilotinib (a platelet-derived growth
factor receptors tyrosine kinase inhibitor) suppressed the
growth and liver metastasis of colon cancer. The stromal
reaction and cancer cell proliferation was reduced and
[13]
apoptosis was stimulated in tumor cells .
The Notch signaling pathway is involved in the
growth of intestinal epithelium. Notch ligands i.e.,
Delta-like (DLL) bind to their transmembrane receptors
(Notch 1-4) and induce the proteolytic breakdown
of the receptors by the enzymes α-secretase and
γ-secretase to release the intracellular domain of the
Notch receptor. The cleaved Notch receptors (NICD)
are then transferred into the nucleus which forms
complexes with RBP-jk (CSL or CBF-1) and lead to the
stimulation of Notch-target gene Transforming growth
factor-β. An overexpression of ligands namely Jagged1,
Jagged2, DLL1, DLL3, DLL4, Notch receptors 1-4 and
genes like hairy-enhancer-of-split (Hes-1), Deltex and
Notch intracellular domain (NICS) has been observed
[14]
in colorectal cancer cells . Withaferin-A is a natural
compound (source Withania somnifera), which curbs
Notch-1 signaling and downregulates various pathways
like Akt/NF-kappa B/Bcl-2, in HCT-116, SW-480, and
SW-620 cell lines. Besides, Withaferin-A downregulated
the expression of mammalian target of rapamycin
(mTOR) signaling components, pS6K and p4E-BP1, and
stimulated c-Jun-NH (2)-kinase-mediated apoptosis in
[15]
tumor cells .
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[18]
[19]

[20]

[22]
[23]
[24]

[25]
[26]

TARGETED THERAPY
Nanotechnology is a rising arena in drug delivery which
furnishes many advantages over the conventional
system. Colon-specific novel delivery systems would
allow for the local delivery of a high concentration of
drugs in the colon to improve pharmacotherapy and
reduce its potential systemic toxicity and side effects.
Recently, theranostic nanocarriers are introduced to
simultaneously monitor and treat the disease using a
[16]
single delivery system . Colon targeted nanocarriers
[17-26]
have been described in brief in the table 1
.

GENE THERAPY
It involves introduction of genetic components for
treating various diseases including cancer. The genetic
component may be the nucleic acid i.e., DNA or RNA
which may help to replace or correct the malfunction
due to defective genes. Gene therapy can also be
utilized to actuate an immune response or itself used as
a therapeutic agent.
Progression of colorectal cancer is mediated by
mutation and aberration of genes. Modification and
correction of these defective genes and prevention of
those overexpressed genes can have the capability
to prevent CRC. The alteration of multiple genes is
involved in the development of colon carcinogenesis.
Point mutation, formation of oncogenes, de-regulation
or deletion of proto-oncogenes and lack of function of
suppressor-oncogenes may lead to cancer.
Till November 2017, near about 2600 clinical trials
had been conducted in 38 countries and more than
[27]
50% are in phase I clinical trial . While 1309 gene
therapy based trials which were performed across the
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Table 2 Overview of clinical trials of colorectal cancer
Therapy
Five peptides combination with oxaliplatin-based
chemotherapy
Panitumumab with infusional fluorouracil, leucovorin,
and oxaliplatin (FOLFOX4) vs FOLFOX4 alone
Checkpoint inhibitors
Combination vaccine treatment of five therapeutic
epitope-peptides
Autologous dendritic cell based adoptive
immunotherapy
Autologous antigen-activated dendritic cells in the
treatment of CRC
Adjuvant chemotherapy (FOLFOX)

Agent

Clinical status

Ref.

Oxaliplatin

Phase II

[34]

Fluorouracil, Oxaliplatin

Phase III trial

[35]

Nivolumab and pembrolizumab
Fluorouracil, irinotecan or oxaliplatin

Phase 2 study
Phase I

[36]
[37]

-

Phase I-II

[38]

-

Phase I-II

[39]

5-fluorouracil (FU)/leucovorin (LV)

Phase III

[40]

world, merely 45 reached the phase III. Eleven gene
therapies for CRC are being subjected for trial in the
[28]
United Kingdom . There are about 50000 to 100000
genes which exist in the body and a few of them take
part in the cell cycle. Defective genes could be most allied
factors for CRC and it has been discovered that at least
30% of colon cancers are due to defective genes. Few
of them are associated with familial colon cancers. The
core benefit of gene therapy is the transfer of the specific
genes to the specific tumors cells so that the abnormal
function of mutated gene would be suppressed and
[29-32]
tumor progression could be inhibited
.

CD86 entities on antigen-presenting cells (APC). T cell
function is negatively regulated by programmed death
receptor ligand 1/2 (PD-L1/L2) by binding to PD-1
receptor present on T cells usually stimulated by their
various ligands which are expressed on either tumor
cells (e.g., PDL1/ L2→PD-1) or APCs (e.g., CD80/86→
CTLA-4; PD-L1/L2→PD-1), activated CTLA-4 and PD-1
immune checkpoint signaling pathways efficiently inhibit
the tumor-reactive T cell activation and consequent
[42]
tumor detection . A phase II clinical trial of individual
drug Nivolumab and also a combination of dual drugs
like Nivolumab plus Ipilimumab is in undergoing process
for CRC (ClinicalTrials.gov Identifier: NCT02060188).

IMMUNOTHERAPY

Cancer vaccines

Tumor immunotherapy has seized researchers in this
scenario as it depicts remarkable clinical potential in CRC.
Presently, there are various immunotherapies which are
being subjected to clinical trials in human CRC. Various
immunotherapy approaches employed in CRC are
monoclonal antibody (mAb) therapy, immune checkpoint
inhibitors therapy, cancer vaccines, adoptive cell therapy,
complement inhibition and cytokine treatment. Majority
of them are in phase I and II clinical trials and some of
these trials showed promising results. So far, more than
24 immunotherapy-based clinical trials for human CRC
have been completed and more than 40 clinical trials
[33]
[34-40]
are recruiting or about to recruit patients . Table 2
depicts various clinical studies of CRC.

They have been designed to induce antigen specific T-cell
or B-cell activity against cancer by rendering antigens to
APC like dendritic cells (DCs). Besides, vaccines likewise
include constituents proposed to activate DCs pulsated
with antigens and aim them to move to a local lymph
node.eg DC vaccine and OncoVAX.
DC vaccine: Because majority of CRCs express
carcinoembryonic antigen (CEA) which is a tumorassociated antigen DCs, can be pulsed with CEA mRNA
or CEA peptides. Most of the CRC patients who were
administered with DC vaccine evoked CEA-specific T cell
immune activities.
Oncovax: It has been developed to use patients’ own
cancer cells with an immune-stimulating adjuvant to
evoke antitumor immune activities to evade the relapse
of colon cancer after surgery. A combination of specific
immunotherapy with surgery depicts a remarkable
[43]
improvement in the survival of the patients .

Monoclonal antibody therapy

In this therapy, humanized antibodies like Cetuximab and
Panitumumab which selectively recognize the epidermal
growth factor receptor (EGFR) are employed for the
treatment of metastatic CRC. There are some MAbs
presently in various phases of clinical trials for CRC such
as adecatumumab against EpCAM, labetuzumab against
carcinoembryonic antigen (CEA), and pemtumomab
[41]
against Mucins .

Adoptive T cell therapy

This therapy possesses the potential to raise antitumor
immunity and increase vaccine efficacy. Recent
researches have riveted on endowing effector T cells
with desired antigen receptors, like chimeric antigen
receptor T cells. An ex vivo expanded human Vδ1 γδ
T cells displayed a remarkable therapeutic activity in

Immune checkpoint inhibitors therapy

T cell activation is down-regulated by CTLA-4 which
is an immune checkpoint moiety by binding to CD80/
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[44]

human colon cancer xenografted mouse mode

.

factors in CRC, triggering the stimulation of the central
oncogenic factors nuclear factor-κB and inducer of
transcription 3 (STAT3), respectively, in the intestinal
cells to enhance the proliferation and the development
[46]
of apoptosis resistance (Figure 3).

Complement inhibition

Complement is a key part of immune system and its
stimulation has been taken as an essential component
of the immune surveillance response against CRC.
Complement comprises of more than 30 proteins and
fragments, is a part of the innate and adaptive immune
system. Various protein inhibitors of complement such
as cobra venom factor, humanized cobra venom factor,
and recombinant staphylococcus aureus super antigenlike protein 7-have been assessed in murine colon cancer
model. Complement depletion presents an efficient type
of immunotherapy in CRC by its capability to vitiate tumor
progression by raising the host’s immune responses
to cancer and reducing the immunosuppressive effect
generated by the tumor microenvironment and finally
could be employed as a constituent of combination
[45]
immunotherapy .

CONCLUSION
Increasing evidences show that several signaling path
ways play an essential role in the development and
progression of CRC. Targeting these signaling cascades
using nanocarriers might be advantageous for the
treatment of CRC. The identification of various genes
and other biomarkers improved the conventional therapy
and target the specific tumor cells. The gene therapy
and various immunotherapy including cytokine therapy,
cancer vaccine, adoptive cell therapy, monoclonal
antibody etc. have been recently introduced which
may unravel new ways for the treatment of CRC and
provide its efficient management in comparison to the
conventional therapy.

Cytokine therapy

Cytokines are considered as essential aspects of tumour
immunology, particularly for CRC, in which the tumor
growth is determined by the inflammatory process and
immunogenic responses. Cytokines like tumour necrosis
factor and interleukin-6 are considered as important
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Hepatocellular carcinoma (HCC) is now the second
leading cause of cancer-related deaths globally and many
patients have incurable disease. HCC predominantly
occurs in the setting of liver cirrhosis and is a paradigm
for inflammation-induced cancer. The causes of chronic
liver disease promote the development of transformed
or premalignant hepatocytes and predisposes to the
development of HCC. For HCC to grow and progress it is
now clear that it requires an immunosuppressive niche
within the fibrogenic microenvironment of cirrhosis.
The rationale for targeting this immunosuppression
is supported by responses seen in recent trials with
checkpoint inhibitors. With the impact of immunotherapy,
HCC progression may be delayed and long term durable
responses may be seen. This makes the management
of the underlying liver cirrhosis in HCC even more
crucial as studies demonstrate that measures of liver
function are a major prognostic factor in HCC. In this
review, we discuss the development of cancer in the
setting of liver inflammation and fibrosis, reviewing the
microenvironment that leads to this tumourigenic climate
and the implications this has for patient management.
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ment that leads to this tumorigenic climate and the
implications this has for patient management.

Table 1 Conditions which have been associated with
hepatocellular carcinoma development in the non-cirrhotic
[6,7]
liver
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Viral
Metabolic

Genotoxins
Congenital

INTRODUCTION

Sex hormones

Hepatocellular carcinoma (HCC) is now the fifth most
commonly diagnosed cancer in men worldwide,
and in women it is ranked ninth. HCC is the second
most common cause of cancer related deaths and is
reported to have been responsible for nearly 745000
[1]
deaths in 2012 . Incidence rates are highest in Asia
and Africa with Central Europe having intermediate
[2]
rates . Different risk factors predominate depending
on the region of the world. In Africa and Asia infection
with hepatitis B virus (HBV) and aflatoxin B1 exposure
are the major risk factors. In developed countries the
hepatitis C virus (HCV), alcohol and the metabolic
[3]
syndrome have predominated .
Despite increasing knowledge on the aetiologies
of cirrhosis and progress in diagnosing and managing
risk factors, the incidence rates for HCC are increasing.
In England, HCC incidence increased from 0.63 per
[4]
100000 in 1990 to 2.48 in 2009 . In the United States
(US), HCC incidence increased by 4.5% (95%CI:
4.3-4.7) annually between 2000 and 2009 but only 0.7%
annually (95%CI: 0.2-1.6) after that. The post 2009
slowing in overall rates, seen in the US, may represent
a plateau created from increases in vaccination against
[5]
HBV and improved chronic HBV antiviral treatment .
It is uncommon to see HCC in the absence of liver
fibrosis but it does occur. Table 1 lists some of the
[6,7]
aetiologies associated with non-cirrhotic HCC . Chronic
hepatitis B is a major risk factor for the development
[8]
of HCC in the non-cirrhotic setting . In Europe and
the United States the 5-year cumulative incidence of
developing HCC was found to be 1% in non-cirrhotic
chronic HBV hepatitis. This incidence increased to
[9]
10% in HBV with cirrhosis . Other causes of HCC in
the non-cirrhotic setting include hereditary conditions
for example porphyria and type 1 glycogen storage
disease, metabolic syndromes and genotoxin exposure.
Genotoxins are agents which damage the genetic
information within a cell. For example, the aflatoxin B1,
which is produced by Aspergillus flavus, is a pathogenic
[10]
fungus and can lead to non-cirrhotic HCC induction .
The global epidemic of non-alcoholic fatty liver disease
(NAFLD) which is characterised by macrovesicular
steatosis can lead to cirrhosis. It is however observed
that a significant proportion of patients with NAFLD
[11,12]
develop HCC in the non-cirrhotic setting
. However

Vascular
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HBV
Porphyria
Type 1 glycogen storage disease
NAFLD
Α1 antitrypsin
Haemochromatosis
Type 1 hypercitrullinemia
Aflatoxin B1
Alagille syndrome
Congenital hepatic fibrosis
Anabolic steroids
Hepatic adenoma transformation
Hepatic vascular pathology, e.g., Budd Chiari

HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease.

worldwide at present the majority (70%-90%) of HCC
[13]
cases occur on a background of cirrhosis .
When data from the World Health Organization
(WHO) mortality database was examined by Ascione
[14]
et al , the age-standardised death rate for liver
cirrhosis in European countries between 1970 and 2010
showed cause for concern for the United Kingdom (UK),
Finland, Ireland and Denmark. Looking at percentage
change in mortality, the UK in those four decades
showed a high increase (+284.8%), Finland, Ireland
and Denmark also saw increases. However these
countries were the exceptions and in all other countries
in Europe there was a reduction in mortality for liver
cirrhosis. The same database provided comparable
data, between 1980-2010 with a 85.4% increase
[14]
in death from HCC over this period . The overall
decrease in liver cirrhosis related deaths in Europe and
the increasing mortality for HCC is confounding and
concerning.
Cirrhosis mortality in the UK has been the subject of
extensive discussion and patterns of alcohol consumption
may account for the discrepancies between the UK and
other parts of Europe. The rise in HCC cases in Europe
over the last 30 years seems confounding when it is
reported that in many countries mortality from cirrhosis is
reducing. However, our knowledge and the management
of chronic liver disease has over this timeframe improved,
and it is suggested that with increased survival we are
[14]
seeing increased development of HCC . This would
be in keeping with our knowledge that cirrhosis creates
a microenvironment for tumour development and is
considered a precursor for HCC.
Over 3 decades ago the 5-year survival for HCC was
3%. Despite improvements in earlier detection 5-year
[15]
survival is less than 20% for this cancer .

PATHOGENESIS
Setting of inflammation and fibrosis

Liver fibrosis is a risk factor for the development of HCC
with up to 90% of cases occurring on the background

4437

October 21, 2018|Volume 24|Issue 39|

O’Rourke JM et al . Carcinogenesis in liver fibrosis
[16]

[29-31]

of a cirrhotic liver
and is a leading cause of death in
this population. The major global causes of liver disease
which are associated with HCC include viral hepatitis,
alcoholism and non-alcoholic steatohepatitis (NASH).
The effects of HBV infection have started to decline
due to increased use of antivirals and immunisation
programs. It is hoped that in the age of new direct
acting antiviral agents with time we will see a reduction
in HCV associated cirrhosis. The impact of alcohol and
the development of NASH cirrhosis will prove to be
more challenging to prevent and cases are predicted to
continue to rise.
Fibrosis occurs when the liver is repeatedly and
continuously injured. Liver volume is formed from 80%
[17]
parenchymal and 20% non-parenchymal cells . Hepa
tocytes are the parenchymal cells and they are the
target for hepatotoxic agents. Damage to hepatocytes
triggers the release of reactive oxygen species (ROS)
and mediators of fibrosis inducing activation of hepatic
stellate cells (HSCs). HSCs with phagocytic Kupffer
cells (KCs) and liver sinusoidal endothelial cells (LSECs)
[18]
are central players in fibrosis development . The
activation of HSCs, extracellular matrix (ECM) producing
myofibroblasts, is said to be the key step in fibrosis
development. Paracrine signals from injured hepato
cytes and activated KCs play a prominent role in HSC
activation. KCs also generate ROS in the liver and this
enhances HSC activation and collagen synthesis leading
[19,20]
to fibrosis
.
In addition to the multitude of cells involved in
the development of cirrhosis there are also several
cytokines that have been identified to play significant
roles. They include platelet derived growth factor
(PDGF), transforming growth factor-β (TGF-β), tumour
necrosis factor-α (TNF-α), interferon and interleukins
(ILs). A variety of hepatotoxic agents can induce KC to
[21]
synthesise PDGF which binds to the HSC membrane
and activates them. There are different isoforms of
PDGF and two of these, PDGF B and D have been
shown to have a role in activating HSCs leading to
[22]
liver fibrosis . TGF-β is the most potent stimulator of
fibrogenesis and is produced by a variety of cells in the
liver: HSCs, KCs, LSECs, and hepatocytes. The TGF-β
family has multiple members and the one that has
been implicated as a notable player in hepatic fibrosis is
TGF-β1. It is reported to contribute not only to activation
[23]
of HSCs but also the inhibition of ECM breakdown
[24]
and the induction of apoptosis of hepatocytes . TNF-α
has also been shown to activate HSCs to synthesise
[25]
ECM , however, results from murine studies on TNF-α
are complex and it appears to also have antifibrogenic
[26]
effects in some reports . ILs are expressed by
many cells with the majority of ILs being produced by
helper CD4 T lymphocytes. In the liver ILs have both
[18]
pro-fibrogenic and antifibrogenic roles . IL-1 can
[27]
activate HSCs
and IL-17 has a role inducing fibrosis
[28]
through the activation of HSCs and KCs . ILs with
antifibrogenic roles have been identified as IL-6, IL-10
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and IL-22

.

Setting for tumour development and progression in
fibrosis

The inception and progression of HCC is described
as being largely influenced by the microenvironment
of the liver. This includes influences from chronic
inflammation, liver remodelling, changes in genetics
and cellular signalling. These pathways can be affected
by chemical toxins, viruses, immune cells, hypoxia, ECM
changes, microflora from the gastrointestinal tract and
extra cellular microvesicles which carry altering signals,
cytokines and oncogenic miRNAs.
Chronic inflammation and fibrosis are seen in the
background of many HCCs and the most common
aetiologies are viruses and ethanol. The immune
mediated cell death seen in viral infections leads to
increased production of ROS. This leads to increased
hepatocellular oxidative stress which induces DNA
mutations contributing to HCC development. Ethanol
consumption is associated with increased ROS con
centrations in hepatocytes resulting in hepatic DNA
[32]
damage . Chronic inflammation leads to increased
proliferation of hepatocytes, shortening of telomeres and
therefore chromosomal instability and a predisposition
[33]
to malignant transformation . Genomic alterations
which have been identified in HCC and are considered
to be drivers in progression include mutations affecting
telomere maintenance, Wnt pathway activation, inacti
vation of p53, chromatin remodelling, Ras signalling,
mechanistic target of rapamycin (mTOR) signalling and
[34]
ROS pathway initiation .
Chronic inflammation can progress to fibrosis and
cirrhosis and this in turn induces several further changes
in the microenvironment. Firstly, it creates altered blood
flow and hypoxic hepatocytes which produce reactive
[35]
nitrogen species . Areas of hypoxia in the liver
parenchyma lead to changes in molecular signalling and
we know that the response is to upregulate angiogenic
factors including vascular endothelial growth factor
[36]
(VEGF) . In a tumour this facilitates angiogenesis
and tumour growth. The hepatocytes may provide
the genetic mutation but it is the unique surrounding
microenvironment that enables the tumour to establish.
We have explained that chronic inflammation has
effects on cytokine expression within the liver, ECM
production by HSC, TNF-α receptors and also the
mitogenic cytokine IL6 is significantly increased in
advanced cirrhosis leading to a propensity towards
[37]
cancer . IL6 regulates immune cells and the growth
[38]
of tumour cells
and this dual role therefore is an
example of the association between the tumour and the
microenvironment. The effects of IL6 are controlled by
nuclear factor-κB signalling. Both pathways are altered
[39]
in liver inflammation and hepatocarcinogenesis . EGFR
overexpression also promotes liver cancer progression
[40]
when present in macrophages . It has also been
shown that hepatic stellate cells can promote the pro-
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tumourigenic change in macrophages . The expansion
of liver progenitor cells to replace hepatocytes, in the
presence of cytokines and increases in oxidative stress
[42]
promotes the accruing of mutations .
Hepatocytes have great potential to regenerate
but we know this predisposes cells to malignant
[43]
transformation . The cell underlying the inception of
HCC is also critical to understand. The human liver is
not just made up of hepatocytes but also adult stem
cells and progenitor cells which maybe potential cells of
[44]
origin for cancer .
The gut microbiota has in recent years received
much attention in many disease processes including liver
disease. It has been described that the microbes in our
bodies encompass 100 trillion cells, with the majority
[45]
residing in the gut . It is increasingly recognised that
the gastrointestinal tract plays a pivotal role in liver
diseases, including HCC. As we have previously described
HCC usually occurs in inflamed and fibrotic livers and
intensive immune cell infiltration is seen. Via the portal
vein the liver is exposed to gut-derived bacterial products
and in advanced liver diseases there is increased
intestinal permeability to gut-derived bacterial products
[46]
including lipopolysaccharides (LPS) . Accumulation
of LPS is said to contribute to HCC development by
generating inflammatory reactions in the hepatic
[47]
environment , activating KCs and endothelial cells to
release pro-inflammatory cytokines which contributes
to liver injury. Levels of LPS are increased in animal
models of hepatocarcinogenesis and in patients with
[47-49]
[50]
HCC
. Dapito et al
found that toll like receptor 4
activation by LPS contributed to driving inflammation and
tumour progression and that gut sterilisation supressed
hepatocarcinogenesis. To date studies have been on
preclinical animal models but there is potential that
manipulating the microbiome may one day be an option
[51]
in the prevention and perhaps treatment of HCC .

increased quantities of these cells are seen in the
[55]
tumour environment of a HCC . NK cells are cytotoxic
lymphocytes and they can modulate the activity of other
immune cells, including dendritic cells and macrophages,
via cytokine release. They are critical to the innate
immune system and are capable of rapid responses and
can destroy tumour cells without prior priming. In HCC
a reduction in NK cell subsets has been reported with
[56]
reduced cytotoxic ability .
The adaptive immune system has a significant
role in thwarting the development and advancement
of cancer. CD8+ cytotoxic T cells play a salient part in
anti-tumour mechanisms and CD4+ helper cells have
[57]
a role in generating CD8+memory T cells
which
assist in the destruction of tumour cells. In the setting
[58]
of cirrhosis there is a reduction in CD4+ cells . Tregs
expressing CD4+, CD25+ and forkhead box P3 (Foxp3)
have an inhibitory role and they can suppress effective
[59]
anti-tumour responses . There are increased Tregs
seen in patients with HCC and depletion can increase
[60]
anti-tumour responses and lead to a reduction in
[61]
tumour growth . In advanced HCC there are increased
numbers of CD8+FoxP3+ regulatory T cells perhaps
[62]
helping the tumour evade the immune system . NK T
cells accumulate in the tumour environment and they
appear to be able to function either as anti-tumour cells
or can promote tumour tolerance depending on the
[63]
subset . We can therefore conclude that a complex,
partially understood, dysregulated immune environment
has a key role in the development and evolution of liver
tumours. An overview of the key responses to hepatic
injury leading to fibrosis and HCC development together
with therapeutic strategies are summarised in Figure 1.

THE SAME FIBROTIC ENVIRONMENT
WHICH PROMOTES THE DEVELOPMENT
OF HCC ALSO IMPACTS NEGATIVELY
ON TREATMENT OPTIONS

Tumour antigen tolerance promotes carcinogenesis

Dysregulation of the immune system has been implicated
in the pathogenesis of HCC. Changes in the innate and
adaptive immune system makes the immune system
tolerant to cancer and facilitates tumour progression.
Understanding these processes is therefore essential
to tailor therapeutic approaches. Key cells implicated
include T lymphocytes, myeloid-derived suppressor cells
[52]
(MDSCs), dendritic cells and natural killer (NK) cells .
The innate immune system key players are dendritic
cells, macrophages, MDSCs and NK cells. The adaptive
immune system comprises the T lymphocyte subsets.
Failure of HCC antigen presentation by dendritic cells is
one defect in the immune system seen in HCC. Activated
dendritic cells in HCC are not able to infiltrate cancer
[53]
tissue effectively and tumour associated macrophages
express cytokines that favour tumour growth, invasion
[54]
and suppress the anti-tumour immune response .
MDSCs possess strong immunosuppressive activities
and expand in cancer and regulate T cell responses,
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Management of advanced HCC and the impact of
cirrhosis

The fact that the majority of HCC arise in the cirrhotic
liver, which affects liver function, can severely impact on
therapeutics. A detailed review of the management of
[64]
HCC has been covered elsewhere . There are several
algorithms for the management of HCC including TNM
stage, the Japanese integrated system, Cancer of the
Liver Italian group and the Hong Kong Liver Cancer
staging system. The most well recognised being
the Barcelona Liver Cancer (BCLC) criteria which is
[65,66]
recommended by several international guidelines
.
Considering the underlying liver disease is vital in
HCC, the BCLC guidelines include both tumour stage
and the severity of underlying liver cirrhosis (Child
Pugh score) and helps guide treatment and to predict
[67]
overall prognosis. The seminal study by Hoshida et al
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Wnt pathway activation
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Chromatin remodeling
Ras signaling
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Figure 1 Overview of the key factors associated with fibrosis development and progression to hepatocellular carcinoma. Hepatotoxic agents damage
key liver cells triggering reactive oxygen species and cytokine release culminating in hepatic stellate cell activation, the key step in fibrosis development. Chronic
inflammation and fibrosis instigates several changes in the microenvironment predisposing to hepatocellular carcinoma (HCC) and creating distinct immune changes
which promote HCC progression. Key therapeutic strategies are highlighted in red. LSEC: Liver sinusoidal endothelial cells; KC: Kupffer cells; ROS: Reactive oxygen
species; HCC: Hepatocellular carcinoma; TGFβ: Transforming growth factor β; PDGF: Platelet-derived growth factor; HSC: Hepatic stellate cell; ECM: Extracellular
matrix; PV: Portal vein; LPS: Lipopolysaccharides; IL: Interleukins; Treg: Regulatory T cell; MDSC: Myeloid-derived suppressor cells; NK: Natural killer cells.

highlighted the importance of underlying liver disease
to overall prognosis in HCC. In this study the gene
expression of the tumour was not associated with overall
survival but the gene expression in adjacent non-tumour
liver tissue correlated strongly with survival. More recently
the severity of underlying liver disease as a prognostic
marker has been highlighted with a study focusing on
a scoring system based on bilirubin levels and albumin
[68]
values. Johnson et al developed a model incorporating
just bilirubin and albumin levels called the ALBI score
(Figure 2) which was an accurate discriminatory method
for assessing liver function in HCC. Within the Child-Pugh
class A patients, the ALBI score was able to differentiate
patient groups with different prognoses. The model
across a database of 3887 patients identified a median
ten month difference in survival between ALBI grade 1
and ALBI grade 2 within the Child-Pugh class A group for
[64]
European and US patients .
Patients who present with early HCC are amenable
to curative treatments including surgery (resection or
transplant) and local ablative therapies. Those with
more intermediate stage HCC have non curative options
such as transarterial chemoembolisaton which has
been shown to improve survival in randomised control
[69]
trials . A significant proportion of patients present with
advanced incurable disease; these patients have a poor
prognosis and the only licensed medical treatment has
[70]
been the multi-kinase inhibitor Sorafenib . The SHARP

WJG|www.wjgnet.com

trial demonstrated an improved survival in patients
with advanced HCC who took Sorafenib but this was by
only a median of three months. Several other agents
have been studied in randomised trials but none have
successfully demonstrated superiority to Sorafenib but
most recently a phase 3 trial demonstrated Lenvatinib,
an inhibitor of VEGF receptors 1-3, FGF receptors
1-4, PDGF receptor alpha, RET and KIT, had similar
[71]
efficacy to Sorafenib . Trials in which Sorafenib has
been combined with other treatment such as TACE
have not been successful in improving efficacy of these
[72]
treatments . Until recently no second line agents in
randomised trials had demonstrated clinical benefit after
Sorafenib therapy, but a recent trial with Regorafinib,
another multikinase inhibitor, has finally demonstrated
[73]
improved survival with a second line agent . This has
led to FDA approval for patients who have failed therapy
with Sorafenib but overall survival for advanced HCC
remains poor. These experiences have provided impetus
to explore immunotherapy in HCC. We have already
described that progressive HCC is associated with an
immunosuppressive microenvironment. Recent early
stage trials with checkpoint inhibitors which activate
T cells have shown promising results. Checkpoint
inhibitors currently include cytotoxic T-lymphocyteassociated protein 4 (CTLA-4) blockers and inhibitors of
programmed cell death protein-1 (PD-1)/programmed
cell death protein ligand-1 (PDL-1) interaction with

4440

October 21, 2018|Volume 24|Issue 39|

O’Rourke JM et al . Carcinogenesis in liver fibrosis
models have demonstrated that severe fibrosis can
undergo resolution and healing through cell-mediated
mechanisms including reducing the number of activated
[79]
HSCs and the contribution of macrophages . Patients
with identifiable factors such as excess alcohol intake
and metabolic syndrome benefit significantly from
becoming abstinent and improving their metabolic risk
factors respectively. Those with active chronic hepatitis
B undergo significant improvement of liver function by
suppressing viral replication. The treatment of HCV has
seen dramatic improvements with the advent of direct
[80]
acting antivirals . Significant improvement of fibrosis
has also been demonstrated in patients with HBV and
[81]
HCV antiviral medication . One assumption would be
that the clearance of Hepatitis C would be beneficial
in patients to improve liver function and reduction of
future HCC recurrence. This is countered by recent
reports suggesting that the viral clearance of HCV
could alter immunological surveillance of tumour cells.
Case series have described aggressive HCC in patients
with cirrhosis after completing successful treatment of
[82]
hepatitis C . It is not possible to draw conclusions from
these findings currently and further studies are required
to clarify the situation.
In addition to treating the cause of chronic liver
disease, there may also be benefit in preventing
the complications of cirrhosis. Variceal bleeding is a
complication of cirrhosis associated with a very high
[83]
mortality rate (20%) . It is well established that
patients with HCC have a higher mortality rate compared
[84,85]
[86]
to matched cirrhosis groups
. Ripoll et al
in their
study confirmed this and furthermore demonstrated
that less than half of HCC patients who were eligible for
primary prophylaxis for bleeding were actually prescribed
this medication. They also suggested that secondary
prophylaxis improved survival in HCC patients.
Loss of muscle mass and function is provided the
term sarcopenia and is frequently seen in advanced
liver disease. The prevalence is estimated to be
[87]
between 40%-70% in patients with cirrhosis alone .
The underlying mechanism is complex and not fully
understood but includes inadequate intake, malabsorption
and abnormal metabolism favouring proteolysis for
gluconeogenesis. The addition of anti-cancer therapies
can further compound the situation. A study looking at
whether sarcopenia predicts the prognosis of patients
treated with Sorafenib showed that skeletal muscle
[88]
depletion is an independent prognostic factor . The
same has also been shown to apply to patients who have
undergone transarterial chemoembolisation treatment
[89]
for their HCC . Although there is no evidence that
sarcopenia is impacting on HCC progression, there is an
impact on outcomes and therefore it should be recognised
and addressed as part of the patient management
pathway.

ALBI-score
[log10 bilirubin (μmol/L) × 0.66] + [albumin (g/L) × -0.085]
ALBI grade is defined by the resulting score:
Grade 1 ≤ -2.60
Grade 2 > -2.60 to ≤ -1.39
Grade 3 > -1.39

Figure 2 Formula to calculate the ALBI-score and translate the result to
ALBI grade[64].

three studies being reported in the context of HCC.
One study with 30 patients involved the administration
of Tremelimumab, a CTLA-4 blocker, combined with
ablative therapy, showed some patients did demonstrate
immune responses and led to the accumulation of
CD8+ T cells in tumours. A further study with the same
drug was performed with 20 patients and demonstrated
[74]
both anti-tumour and antiviral activity . Recently,
a large phase II trial (CheckMate-040 trial) with the
agent Nivolumab (anti-PD-1 drug) has led to significant
attention because of strong anti-tumour responses,
leading to improved survival and led to accelerated
approval by the FDA in 2017 for the treatment of
[75]
patients after failure with Sorafenib .
Novel therapeutics which alter T-cell regulation are
[76]
now being pursued for HCC. A study by Sia et al looked
at over 900 HCC samples and identified that around
25% exhibited high expression levels of programmed
death ligand-1 (PD-L1) and programmed cell death
protein 1 (PD-1) and a subgroup expressed many
genes that are regulated by TGF β1, a cytokine which
is linked to aggressive cancers and suppresses the
immune response. TGF-β is involved in cell proliferation,
angiogenesis, migration, immune infiltration, metastases
[77]
dissemination, and drug resistance . There are ongoing
trials in HCC using the TGFβ1 inhibitor Galunisertib. The
phase 2 trial using Galunisertib as monotherapy has
shown promise with improved overall survival in AFP
[78]
responders . We are entering an era where we may be
able to identify which tumours are most likely to respond
to immunotherapy, tailoring treatment to the tumour
biology.
With these advances in treatment of advanced HCC,
clinicians will need to consider how best to manage the
underlying chronic liver disease that is associated with
HCC. Attempts to improve liver function will have the
aim of (1) increasing the number of patients eligible for
these novel therapies; (2) to minimise the potential liver
related side effects of these novel agents and (3) to
prolong the overall survival in patients whose tumours
respond to these agents.

Management approaches of chronic liver disease for
patients with HCC

Targeting the initiating factors of chronic liver disease
can significantly improve liver function in patients
even when they have established cirrhosis. Animal
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Carcinogenesis: Prevention is better than cure

With the aim to reduce the complications of cirrhosis
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Table 2 Summary of some of the antifibrotic agents being actively pursued in clinical trials, outlining mechanism and key outcomes
to date
Drug

Mechanism

Comment

Ref.

BMS-986263/NDLO2-s0201

siRNA that inhibits HSP47, reducing type 1 collagen
synthesis

[94]

Simtuzumab

Inhibition of Lysyl oxidases (LOX) mediated collagen
cross linking reduces the breakdown of collagen by
proteases such as MMPs

A lipid nanoparticle containing siRNA that inhibits
HSP47. Vitamin A conjugated to the nanoparticle
surface target facilitating targeted delivery to HSC
and preclinical studies suggest disruption of collagen
synthesis which may reverse fibrosis. A phase 1 study
has demonstrated tolerability
Simtuzumab is a humanized monoclonal antibody.
It binds to LOXL2 and acts as an immunomodulator.
However in a large phase 2 clinical trial in patients
with NASH fibrosis the results were disappointing and
focus has been diverted to LOXL1 inhibition where
expression appears constant in carbon tetrachloride
induced fibrosis in mouse models
In patients with NASH has shown promise that it
may lead to a reduction in fibrosis in a phase 2 trial
where it was given with and without Simtuzumab and
compared to Simtuzumab alone
Demonstrated anti-fibrotic activity in animal models
of liver fibrosis. In a phase 2 study improvements
were seen in noninvasive markers of hepatic fibrosis.
Antagonism of CCR2 reduces pro-inflammatory
monocytes and macrophages. CCR5 antagonism
impairs the activation of HSCs
Emricasan in the murine NASH model attenuated HSC
activation. In phase 2 clinical trials for the regression
of hepatic fibrosis caused by HCV infection after liver
transplantation, the study didn’t reach its primary
endpoint but the results from a phase 2 trial in NASH
are awaited
Phase 3 studies are already planned for GR-MD-02.
Phase 1 and 2 have been completed in the NASH
cohort. Preclinical data showed some reversal of
fibrosis and a reduction in portal pressures in cirrhosis
In preclinical models the FDA approved inhibitor
regressed fibrosis in some animals and blocked
the development of HCC. A pilot phase1/2 trial is
underway

Selonsertib

Inhibits apoptosis signal-regulating kinase 1 which in
the setting of oxidative stress activates pathways which
lead to fibrosis

Cenicriviroc

Dual antagonist of C-C motif chemokine receptor (CCR)
types 2 and 5

Emricasan

Inhibitor of apoptotic and inflammatory caspases

GR-MD-02

Targets galectin-3

Erlotinib

Epidermal growth factor (EGF) receptor inhibitor

including decompensation there has been progress in
recent years to try to prevent or reverse liver fibrosis
[90]
and some evidence that this reduces HCC risk .
The WHO recognise that the viral hepatitis pandemic
contributes to an estimated 1.4 million deaths per year
[91]
including HCC and cirrhosis . The published strategy
outlines aims of reducing transmission of HCV and
creating global access to treatment by 2030.
Identification and addressing of specific aetiologies,
such as viral hepatitis and addressing metabolic risk
factors in those with NAFLD is clearly essential but there
is also a drive to develop specific anti-fibrotic agents.
Whether we can reduce carcinogenesis by interrupting
or reversing fibrogenic process with specific anti-fibrotic
agents remains to be seen but certainly improvement in
liver function is desirable to facilitate management and
improve outcomes when cancer occurs.
With a better understanding of the processes that
lead to fibrogenesis and fibrolysis it is now possible
to target the relevant cytokines and effector cells
including HSCs, myofibroblasts, profibrogenic immune
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[95,96]

[97,98]

[99-101]

[102]

[103]

[104]

cells and other ECM targets including collagens and
matrix metalloproteinases (MMP) inhibitors like tissue
metallopeptidase inhibitor 1. We know that there are
collagen types which are increased in liver fibrosis and
are potentially targetable by small interfering RNA (siRNA)
or antisense oligonucleotides. The therapeutic advantage
of these nucleic acid based therapies is that they can now
be delivered in vehicles which are preferentially taken up
by the cell being targeted achieving knockdown effects
[92,93]
only at the site of interest
The identification of novel targets in the fibrotic
environment has led to the development of therapeutic
agents with efficacy in preclinical models and we have
seen the first clinical trials take place. We summarise
[94-104]
in Table 2
some of the therapeutic targets
being actively pursued for their anti-fibrotic effects.
Unfortunately trial design for direct anti-fibrotic agents
are not at present designed to assess if they have an
effect on HCC prevention.
Pre-clinical experiments have demonstrated inhibiting
the pathways for pro-fibrogenic cytokines including
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TGF-β and PDGF are also potential anti-fibrotic strategies
[105]
to be explored further . Integrins are transmembrane
receptors that promote ECM adhesion. Some integrins
can facilitate MMP activation and activate fibrogenic
mediators such as TGF-β1. The identification of integrins
which are important in fibrosis has led to mouse studies
[106]
involving their direct and indirect inhibition
. Other
preclinical studies are looking at targeting transmembrane
collagen receptors, proteins expressed on myofibroblasts
and manipulating the inflammatory environment to
deactivate matrix producing myofibroblasts and hepatic
stellate cells.

3

4

5

6
7

CONCLUSION
Hepatocellular cancer is a deadly complication of
cirrhosis and remains difficult to diagnose at an early
curative stage. The prognosis in advanced cases
remains extremely poor despite significant changes in
epidemiology and causes of chronic liver disease, with
the rising epidemic of obesity. Nevertheless, new studies
with novel agents are demonstrating increasing rates
of tumour response and stability and there are exciting
developments with immunotherapies. The challenge
in patients who do respond to anti-cancer therapies is
to maintain their underlying liver function in order that
intolerable liver related side effects are minimised and
patients have the best chance for a prolonged overall
survival. Furthermore, standard of care for cirrhosis
may not be met in patients with hepatocellular cancer
because of assumptions of lack of benefit, but with
new treatments leading to improved survival this will
need to be reconsidered. There have been significant
improvements in elucidating the underlying cellular
mechanisms which drive fibrosis and cancer within
the liver. Hopefully, new therapies will take advantage
of these findings leading to personalised therapeutic
combinations for these patients which have the dual
effect of promoting fibrosis regression and anti-cancer
effects.
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METHODS
Sprague-Dawley rats were randomized into three groups:
normal group (NG), obese group (HLG), or SJP treatment
group (HSG). Obesity was induced by feeding a high-fat
diet in the HLG and HSG, while the NG received standard
chow. Rats were euthanized after 12 wk, and blood and
pancreatic tissues were collected for histopathological
analyses. Nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κB) and transforming growth
factor beta (TGF-β) expression, serum triglyceride and
adiponectin levels, and apoptosis in pancreatic acinar
cells were assessed. A high-fat AR42J acinar cell injury
model was established using very low-density lipoprotein
(VLDL). AR42J acinar cell culture supernatant, treated
with different interventions, was applied to seven groups
of pancreatic stellate cells (PSCs). The proliferation
of PSCs and the expression of fibronectin and type I
collagenase were assessed.

Miao YF, Li J, Zhang YM, Zhu L, Chen H, Yuan L, Hu J, Yi XL,
Wu QT, Wan MH, Tang WF. Sheng-jiang powder ameliorates
obesity-induced pancreatic inflammatory injury via stimulating
activation of the AMPK signalling pathway in rats. World J
Gastroenterol 2018; 24(39): 4448-4461 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i39/4448.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i39.4448

INTRODUCTION
Obesity rates have increased sharply over the past
[1]
40 years, creating a global public health crisis .
According to the results of the Global Burden of
Disease Study 2013, the number of overweight and
obese individuals increased to 2.1 billion worldwide in
[2]
2013, which is 2.28 times more than that in 1980 .
Obesity or excess weight can lead to high morbidity
for many noncommunicable diseases, including 75%
of hypertension, 44% of the diabetes burden, 23%
of ischaemic heart disease, and 7%-41% of certain
[3]
cancers . Additionally, the prevalence of non-alcoholic
fatty pancreas disease (NAFPD), which is characterized
by pancreatic fat infiltration due to obesity, ranges
[4,5]
from 16% to 35% in Asian populations . In addition,
NAFPD may play an important role in the development
of type 2 diabetes (T2DM), acute pancreatitis, and even
[5]
pancreatic cancer . As a result, obesity- and excess
weight-related complications have led to a considerable
burden on patients and the society. Withrow and Alter
[6]
(2011) indicated that obesity accounted for between
0.7% and 2.8% of the total healthcare costs of a
country. Therefore, due to the side effects of the current
treatments for obesity and the lack of specific drugs,
people have gradually begun to focus on interventions
using traditional Chinese medicine (TCM), such as
[3,7]
Sheng-jiang powder (SJP) .
The pathogenesis of obesity-induced tissue injury
is complex and diverse. The most common pathoge
neses are endoplasmic reticulum (ER) stress and the
[5,8]
inflammatory response . According to experimental
reports, maternal obesity and postnatal obesogenic diets
can result in NAFPD because of an ER imbalance and
[9]
an alteration in circadian metabolic patterns . Obesityinduced inflammation is a chronic and low-grade form
of inflammation, which starts in adipose tissue, with
abundant macrophage infiltration, followed by the
increased secretion of pro-inflammatory cytokines, such
as tumour necrosis factor alpha (TNF-α), interleukin
6 (IL-6), and C-reactive protein, while the production
of anti-inflammatory cytokines, such as interleukin 10
[10]
(IL-10) and adiponectin, drastically decreases . Gotoh
[11]
et al
found that obesity reduced the production of
spleen-derived IL-10, which can protect against the
development of NAFPD. In addition, insulin resistance (IR)
[12]
and β-cell dysfunction also play important roles . IR
decreases the inhibitory activity of insulin on peripheral

RESULTS
Compared with the NG, we found higher pathological
scores for pancreatic tissues, lower serum adiponectin
levels, higher expression levels of NF-κB in pancreatic
tissues and TGF-β in pancreatic inflammatory cells,
and increased apoptosis among pancreatic acinar cells
for the HLG (P < 0.05). Compared with the HLG, we
found reduced body weight, Lee’s index scores, serum
triglyceride levels, and pathological scores for pancreatic
tissues; higher serum adiponectin levels; and lower
expression levels of NF-κB, in pancreatic tissue and
TGF-β in pancreatic inflammatory cells for the HSG (P
< 0.05). The in vitro studies showed enhanced PSC
activation and increased expression levels of fibronectin
and type I collagenase after SJP treatment. An
adenosine 5‘-monophosphate-activated protein kinase
(AMPK) inhibitor inhibited PSC activation.
CONCLUSION
SJP may ameliorate obesity-induced pancreatic inflam
matory injury in rats by regulating key molecules of the
adiponectin-AMPK signalling pathway.
Key words: Obesity; Sheng-jiang powder; Adiponectin;
Adenosine 5’-monophosphate-activated protein kinase;
Pancreatic inflammatory injury
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Obesity is a risk factor for non-alcoholic fatty
pancreas disease and induces pancreatic inflammatory
injury. Sheng-jiang powder (SJP) can ameliorate obesityinduced pancreatic inflammatory injury; however, the
specific mechanisms remain unclear. This study demon
strates that SJP may inhibit the inflammatory response,
prevent pancreatic fibrosis, promote pancreatic acinar
cell repair, and ultimately ameliorate obesity-induced
pancreatic inflammatory injury in rats by regulating the key
molecules of the AMPK signalling pathway.
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lipolysis, leading to an increase in circulating free
fatty acids (FFAs). The chronic exposure of β-cells to
elevated FFAs results in β-cell dysfunction and creates
a vicious cycle resulting in the continuous deterioration
[13]
of the glucometabolic state . Although obesityinduced pancreatic injury is known to be related to
[7]
the inflammatory response , the specific and detailed
mechanisms involved remain unclear.
According to the TCM theory, obesity belongs to the
category of “Turbidity”, which is primarily caused by the
[14]
“ascending and descending dysfunction” of the spleen .
As a classic representative formula for ascending
lucidity and descending turbidity, SJP originates from
a Nei-Fu-Xian-Fang decoction in Wanbing Huichun,
which was compiled by Ting-Xian Gong during the
Ming dynasty in China and is composed of Jiangchan
(Bombyx Batryticatus), Chantui (Periostracum cicada),
Jianghuang (Curcuma longa L.), and Dahuang (Rheum
[15]
palmatum L.) . Several clinical studies have confirmed
that SJP is effective in regulating lipid metabolism and
improving IR, and SJP is widely used to treat obesityrelated diseases, such as hyperlipidaemia, fatty liver, and
[16-18]
diabetes
. Our previous studies have demonstrated
that SJP can ameliorate the inflammatory response
and histopathological lesions in the pancreas of obese
[7]
rats . However, the specific mechanisms underlying the
amelioration of obesity-induced pancreatic inflammatory
injury by SJP are far from being sufficiently understood.
Therefore, we designed this study to further investigate
the specific mechanisms of SJP on obesity-induced
pancreatic inflammatory injury.

orally administered SJP (Dahuang, Jianghuang, Jiangcan,
and Chantui proportions: 12:9:6:3) was 4388 ± 957
µg/L; thus, for convenience, we used 5000 µg/L for
[19]
calculations . According to the above concentration
and the content of rhein in the SJP compound formula
(Dahuang, Jianghuang, Jiangcan, and Chantui proportions:
12:9:6:3; the ratio of rhein to the SJP compound formula
[20]
was 0.5 mg/g) , we calculated the compound dosage for
cell treatments as follows: 1 g of SJP compound formula
was added to 100 mL of PBS (SH30256.01B, HyClone,
Logan, UT, United States) to dilute to a 1 × working
concentration. In this study, 1 mL of the above 1 g/mL SJP
solution for rat oral administration was diluted to 100 ×,
filtered, and sterilized to prepare the highest concentration
of the compound for in vitro use.

Preparation of adenosine 5’-monophosphateactivated protein kinase inhibitor Compound C

One gram of Compound C (171260, Merck KGaA,
Darmstadt, Hessen, Germany) was dissolved in 1000
mL of phosphate buffer solution (PBS), and the mixture
was diluted to a 2.5 mmol/L stock solution (100 ×),
sterilized by filtration, and stored at -20 ℃. Before use,
the appropriate amount of the above stock solution was
diluted 100 ×, for a final working concentration of 25
µmol/L.

Induction of obesity, animal treatments, and
sample collection

The protocol was reviewed and approved by the
Institutional Animal Care and Use Committee of West
China Hospital of Sichuan University. Twenty-four
male Sprague-Dawley rats, weighing 60-80 g, were
purchased from Chengdu Dashuo Experimental Animal
Co., Ltd. (Chengdu, China). The protocol was designed
to minimize the pain and discomfort of the rats. All
rats were acclimatized to laboratory conditions (22 ±
2 ℃, 65% ± 10% relative humidity, 12-h light/12-h
dark cycle, ad libitum access to water and food) for
one week prior to the special feeding. Special feeding
meant that the rats had free access to a high-fat diet
(HFD; 60% of calories derived from fat; TP23300;
Trophic Animal Feed High-tech Co., Ltd., Nantong,
China) to induce obesity, or to a control diet (16.7% of
calories derived from fat; LAD3001G; Trophic Animal
Feed High-tech Co., Ltd., Nantong, China).
All rats were randomly divided into a normal group
(NG, control diet), an obese group (HLG, HFD), or an
SJP treatment group (HSG, HFD plus SJP), with 8 rats
in each group. The whole study lasted for 12 wk. Rats in
the HSG were intragastrically administered with SJP (5
g/kg) once daily, beginning in the third week, while the
rats in the other two groups were instead administered
with equal volumes of normal saline. Food intake was
monitored daily. After 12 wk of feeding, the rats were
anesthetized (2% sodium pentobarbital, intraperitoneal
injection, 40 mg/kg of BW), heart blood samples were
taken to test the levels of triglyceride and adiponectin,

MATERIALS AND METHODS
Preparation of SJP for oral administration to rats

The spray-dried drug particles of SJP ingredients,
including Dahuang (batch No. 16110150), Jianghuang
(batch No. 16080008), Jiangcan (batch No. 16100147),
and Chantui (batch No. 16080020), were purchased
from the Affiliated Hospital of Chengdu University of
TCM (Chengdu, China) and authenticated by Professor
Wang WM (Department of Herbal Pharmacy, West
China Hospital, Sichuan University, China), according to
the Chinese Pharmacopoeia (The Pharmacopoeia Com
mission of People’s Republic of China, 2010). Voucher
specimens were deposited at our laboratory. The spraydried drug particles were mixed in the proportions
of 4:3:2:1, according to Ting-Xian Gong’s Wanbing
Huichun, a famous, classic TCM book from the Ming
[15]
dynasty , and they were completely reconstituted with
sterile double-distilled water (concentration: 1 g/mL).
This SJP solution was stored at 4 ℃ until ready for use,
and it was administered orally to the rats at a dose of 5
mL/kg of body weight (BW).

Preparation of SJP for cell treatment

Our previous study determined that the serum peak
concentration of rhein in the plasma of rats that received
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and the BW and naso-anal length were measured for
[21]
Lee’s index calculations, using the following formula :

and then incubated with a SABC-POD Kit (SA2010,
BOSTER, Wuhan, China) for 30 min at 37 ℃. Finally, the
sections were stained with a DAB-kit (AR1022, BOSTER,
Wuhan, China) for 20 min. The sections were rinsed
in tap water and counterstained with haematoxylin.
Immunohistochemistry sections were observed and
scored in a blinded manner by specialists, using the
[23]
scoring system described by Xu et al . Briefly, the
evaluation of the nuclear or cytoplasmic staining reaction
was performed in accordance with the immunoreactive
score (IRS): IRS = staining intensity (SI) × percentage
of positive cells (PP). SI was determined as follows: 0,
colourless; 1, light yellow; 2, brownish yellow; and 3,
brown. PP was defined as follows: 0, negative; 1, 10%
positive cells; 2, 11%-50% positive cells; 3, 51%-75%
positive cells; and 4, 75% positive cells. Ten visual fields
from different areas of each pancreatic section were used
for the IRS evaluation, using the average for statistical
analysis.

Pancreatic tissue samples were obtained for histo
pathological analyses, immunohistochemistry tests for
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB) and transforming growth factor-β (TGF-β),
and terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labelling (TUNEL). Then, all rats were
euthanized with a 2% sodium pentobarbital overdose
(intraperitoneal injection, 200 mg/kg of BW).

Measurement of serum triglyceride and adiponectin
levels

The blood samples were centrifuged at 1000 r/min for
5 min to collect supernatants for analysis. The levels of
triglyceride were measured with a HITACHI automatic
biochemical analyser (7170A, HITACHI, Tokyo, Japan),
and the levels of adiponectin were measured with ELISA
kits (EKT246253, eBio, Wuhan, China). According to the
manufacturer’s protocol, absorbance was measured at
450 nm with a High Throughput Universal Microplate
Assay. The sample values were then read off the
standard curve, and the relative concentrations were
calculated.

TUNEL assay for apoptotic cells in pancreatic tissues

The levels of apoptotic cells in pancreatic tissue samples
were analysed using a TUNEL detection kit (14590900,
Roche, San Francisco, CA, United States), following the
manufacturer’s instructions. Briefly, the pancreatic tissue
sections were covered with proteinase K solution (20
µg/mL proteinase K + 0.01 mol/L Tris/HCL, pH 7-8.0)
at room temperature for 15 min before the addition of
50 µL of the TUNEL reaction mixture. After incubation in
a humid chamber in the dark for 1 h, the sections were
incubated with 50 µL of converter-POD solution at 37 ℃
for 30 min, followed by a final PBS wash. Next, 100 µL
of DAB solution (5 µL 20 × DAB + 1 µL 300 g/L H2O2 +
94 µL PBS) was added for 10 min at room temperature
to develop the slides, followed by three washes with PBS
and haematoxylin counterstaining for 2 min. Images
were captured using a fluorescence microscope (AX10
imager A2/AX10 cam HRC, Carl Zeiss Jena, Oberkochen,
Germany), and the apoptotic index was calculated as the
number of apoptotic cells/total number of cells × 100%.

Histopathological analysis of pancreatic tissues

Fresh pancreatic tissue samples were fixed with 40 g/L
paraformaldehyde (AR1068, BOSTER, Wuhan, China),
embedded in paraffin, sectioned into 5 µm sections, and
stained with haematoxylin and eosin. All histopathological
sections were observed and scored in a blinded manner
by two independent pathologists using the scoring
[22]
system described by Kusske et al
(0-4 points:
oedema, inflammation, haemorrhage, and necrosis). The
total histopathology score is the mean of the combined
scores for each parameter from both investigators.

Immunohistochemistry

Paraffin-embedded pancreatic samples were depar
affinized and then rehydrated. Endogenous peroxidase
was quenched for 10 min with 30 g/L H2O2 and washed
three times with distilled water. Sections were immersed
in 0.01 mol/L citric acid buffer (pH 6.0), heated in a
microwave oven until they were boiled, and then deenergized; the process was repeated 5 min later.
After a wash with PBS, the sections were blocked
with 5% bovine serum albumin (BSA) confining liquid
(AR0004, BOSTER, Wuhan, China) for 10 min, at room
temperature, and then excess liquids were removed.
Sections were incubated overnight at 4 ℃ with primary
antibody against NF-κB p65 (sc-8008, Santa Cruz
Biotechnology, Santa Cruz, CA, United States; 1:200
dilution) or TGF-β (sc-146, Santa Cruz Biotechnology,
Santa Cruz, CA, United States; 1:100 dilution). After
washing with PBS, the sections were incubated with
biotinylated goat-anti-mouse or goat-anti-rabbit IgG
(SA2010, BOSTER, Wuhan, China) at 37 ℃ for 30 min

WJG|www.wjgnet.com

Cell culture

Rat pancreatic acinar AR42J cells (CRL-1492, ATCC,
Manassas, VA, United States) were maintained at 37 ℃
in DMEM/F12 medium (SH30023.01B, HyClone, Logan,
UT, United States) supplemented with 10% foetal bovine
serum (FBS; 16000044, Gibco, Waltham, MA United
States), 100 IU penicillin, and 100 µg/mL streptomycin
(SV30010, HyClone, Logan, UT, United States) in a
50 mL/L CO2 atmosphere. Prior to stimulation, cells in
6
the logarithmic growth phase were seeded at 1 × 10
cells/well in 6-well plates and incubated until completely
adherent.
Rat pancreatic stellate cells (PSCs; RAT-iCell-g003,
Shanghai Deyu Bio-tech Co., Ltd, Shanghai, China)
were cultured under the same conditions described
above, but the culture medium was changed to 90%
RPMI 1640 (SH30809.01B, HyClone, Logan, UT, United
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States) supplemented with 10% FBS, 100 IU penicillin,
and 100 µg/mL streptomycin. PSCs in the logarithmic
growth phase were seeded on polylysine-treated slides
to perform cell-climbing. After the PSCs covered the
slides, they were treated according to the following
experimental design.

(Sigma, Saint Louis, MO, United States) for 30 min
and rinsed with PBS three times (10 min each time).
Slides were blocked with 10% goat serum (AR0009,
BOSTER, Wuhan, China) at 37 ℃ for 2 h. Anti-collagen
I antibody (ab34710, Abcam, Cambridge, MA, United
States) and anti-fibronectin antibody (ab6328, Abcam,
Cambridge, MA, United States) were added separately
and incubated overnight at 4 ℃. After washing with
PBS, the secondary antibodies, goat anti-rabbit IgG H&L
(Alexa Fluor® 488) (ab150077, Abcam, Cambridge,
MA, United States) and goat anti-mouse IgG H&L (Alexa
Fluor® 488) (ab150113, Abcam, Cambridge, MA,
United States), were added separately and protected
against light for 2 h at room temperature. The nucleus
was stained with DAPI, and the sections were sealed
with glycerine. A fluorescence microscope (AX10 imager
A2/AX10 cam HRC, Carl Zeiss Jena, Oberkochen,
Germany) was used for observation.

Induction of a cell model and stimulation

A high-fat AR42J acinar cell injury model was established
by stimulation with 0.06 mg/mL of very low-density
lipoprotein (VLDL; LP1, Merck-Millipore, Billerica, MA,
[24]
United States) . AR42J cells were divided into five
groups: normal group (AR42J cells + culture medium),
model group (AR42J cells + VLDL), SJP group (AR42J
cells + VLDL + SJP), VLDL + Compound C group (AR42J
cells + VLDL + Compound C), and SJP + Compound
C group (AR42J cells + VLDL + SJP + Compound C).
After the AR42J cells were completely adherent, 0.5
mL of medium (80% DMEM/F12 + 20% FBS + 100 IU
penicillin + 100 µg/ml streptomycin) was added to the
normal group and the model group; 0.25 mL of medium
and 0.25 mL of SJP were added to the SJP group; 0.25
mL of medium and 0.25 mL of Compound C were added
to the VLDL + Compound C group; and 0.25 mL of SJP
and 0.25 mL of Compound C were added to the SJP +
Compound C group. Thirty minutes later, 30 µL of culture
medium was added to the normal group, and 30 µL
of VLDL (5 mg/mL) was added to the other groups for
model induction. Culture supernatants were collected
24 h after treatment administration to treat the PSCs,
according to the following experimental design.
PSCs that covered the slides were divided into seven
groups: A, normal PSCs (VLDL-, culture supernatants-);
B, PSCs stimulated directly with VLDL (VLDL+, culture
supernatant-); C, PSCs stimulated with normal acinar
cell culture supernatant (VLDL-, culture supernatant+);
D, PSCs stimulated with acinar cell culture supernatant
treated with VLDL (VLDL+, culture supernatant+); E,
PSCs stimulated with acinar cell culture supernatant
treated with SJP (VLDL+, culture supernatant+, SJP+);
F, PSCs stimulated with acinar cell culture supernatant
treated with Compound C (VLDL+, culture supernatant+,
Compound C+); G, PSCs stimulated with acinar cell
culture supernatant treated with Compound C and SJP
(VLDL+, culture supernatant+, SJP+, Compound C+).
The culture medium was added to group A, diluted VLDL
(30 µL VLDL + 2.5 mL medium) was added to group B,
and the appropriate acinar cell culture supernatants, as
described above, were added to each of the remaining
five groups for 6 h, according to a ratio of 100 µl/mL.
Then, the slides were collected for immunofluorescence
analysis of the expression of fibronectin and type I
collagenase.

Statistical analysis

The statistical methods of this study were reviewed
by Dr. Hai Niu from College of Mathematics, Sichuan
University. All values are expressed as the mean ±
standard deviation. GraphPad Prism 6.01 software
(GraphPad Prism 6.01 software Inc., San Diego, CA,
United States) was used for statistical analyses. For each
test, the experimental unit was an individual animal.
Normality was assessed by the Shapiro-Wilk normality
test, and homogeneity of variance was assessed by
the Bartlett’s test. If data were normally distributed
and the variances of three experimental groups were
equal, one-way analysis of variance was used for multigroup comparisons, and Dunnett-t test was used for
comparisons of two groups. Statistical significance is
a
b
expressed as P < 0.05 vs NG or P < 0.05 vs HLG.

RESULTS
SJP reduces BW, Lee’s index, and serum triglyceride
levels of obese rats

After 12 wk of experimental diet consumption, BW, Lee’
s index, which is a rapid means of determining obesity,
and the levels of serum triglyceride of the rats in the
HLG were significantly higher than those of the rats in
the NG (P < 0.05; Table 1). Conversely, the above three
parameters of the HSG were significantly lower than
those of the HLG (P < 0.05; Table 1). However, food
intake did not differ significantly among the experimental
groups.

SJP relieves the pathological damage to pancreatic
tissues in obese rats

The histopathological evaluation results showed signi
ficantly higher pathological scores for pancreatic tissues
from rats in the HLG than for those in the NG (P < 0.05;
Figure 1A). Conversely, SJP treatment distinctly lowered
the pathological scores of the pancreas, with reduced
inflammatory cell infiltration, mild tissue oedema, and

Immunofluorescence

Slides were fixed in 40 g/L paraformaldehyde for 30
min and rinsed with PBS three times (10 min each
time). Slides were permeabilized with 1% Triton X-100
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Table 1 Body weight, Lee's index, serum triglyceride levels, and dairy food intake of rats in the three experimental groups
Parameter
Initial body weight (g)
Final body weight (g)
Lee’s index
Triglyceride (mmol/L)
Food intake (g/d)

NG

HLG

HSG

69 ± 4
461 ± 56
3.13 ± 0.07
1.57 ± 0.46
19.57 ± 0.87

70 ± 5
537 ± 46a
3.43 ± 0.16a
3.24 ± 1.48a
18.91 ± 1.12

69 ± 8
467 ± 49b
3.12 ± 0.13b
1.39 ± 0.41b
18.01 ± 0.77

The results are presented as the mean ± SD, n = 8 for each group. aP < 0.05 vs NG; bP < 0.05 vs HLG. NG: Normal group; HLG: High-fat diet group; HSG:
High-fat diet group treated with Sheng-jiang powder.

A
NG

HLG

HSG

100 μm
100 μm

Histopathological scores

B

100 μm

80

a

60

40

b

20

0
NG

HLG

HSG

Figure 1 Histological images and pathologic scores of pancreatic tissues from the three experimental groups. A: Pathological images of the pancreatic
tissues (× 200); B: Histological scores of the pancreatic tissues. The results are presented as the mean ± SD. aP < 0.05 vs NG; bP < 0.05 vs HLG. NG: Normal group;
HLG: High-fat diet group; HSG: High-fat diet group treated with Sheng-jiang powder.

reduced cell necrosis (Figure 1A and B).

Figure 2).

SJP stimulates the expression of serum adiponectin in
obese rats

Effect of SJP on the expression levels of NF-κB and
TGF-β in pancreatic acinar cells and inflammatory cells
from obese rats

Adiponectin is an adipokine with anti-inflammatory, antioxidant, anti-atherogenic, pro-angiogenic, vasoprotective,
and insulin-sensitizing properties, which is markedly
[25]
decreased in obesity . Thus, we determined the
levels of adiponectin in serum after SJP administration.
Adiponectin levels were significantly reduced in the HLG (P
< 0.05; Figure 2), whereas they were absent in the NG.
After SJP administration, adiponectin levels were much
higher in rats in the HSG than in rats in the HLG (P < 0.05;

WJG|www.wjgnet.com

As shown in Figure 3A, the expression levels of NF-κB in
both pancreatic acinar cells and inflammatory cells from
rats were higher in the HLG than in the NG (P < 0.05).
After SJP administration, the expression of NF-κB in both
types of cells was inhibited. Although no differences were
found in TGF-β expression levels among the groups in
the pancreatic acinar cells, an expression pattern similar
to that of NF-κB was observed in inflammatory cells,
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cells in obese rats, while SJP effectively reduced BW, Lee’
s index scores, and serum triglyceride levels, stimulated
the expression of serum adiponectin, and inhibited the
expression of NF-κB in pancreatic tissues. In addition,
the expression levels of TGF-β in inflammatory cells
of the pancreas were significantly higher in obese
rats, while SJP could reduce the expression of TGF-β
in inflammatory cells but had no influence in acinar
cells. The in vitro studies have shown that the culture
supernatant from AR42J acinar cells that were incubated
with VLDL stimulated the proliferation and matrix
synthesis of PSCs. After SJP treatment, PSC activation
was enhanced, and the expression of fibronectin and
type I collagenase was further increased. Interestingly,
AMPK inhibitors inhibited the PSC activation process
described above.
Adipose tissue is considered to be an endocrine
organ with an important role in local and systemic
homeostasis. It has been demonstrated that adipose
is responsible for the production and release of many
potent signalling molecules, including adipokines,
[25]
lipokines, and inﬂammatory mediators . Adiponectin
is a well-known adipokine that promotes insulin
sensitivity and has an anti-inﬂammatory effect, and its
[26]
production becomes blunted as adiposity increases .
Generally, obesity in humans is a symptom of energy
imbalance, where energy intake exceeds energy output,
while AMPK plays a key role in controlling energy
[27]
homeostasis . Importantly, adiponectin can regulate
energy intake and consumption by stimulating the
phosphorylation of AMPK; adiponectin phosphorylates
and subsequently inhibits acetyl-CoA carboxylase and
inhibits malonyl-CoA synthesis, thereby decreasing
the inhibitory effect of carnitine acyltransferase 1 (the
key enzyme required for activated fatty acid entry into
the mitochondria) and leading to increased fatty acid
[28]
oxidation and glucose uptake . Therefore, with the
long-term intake of HFD, the decrease in adiponectin
observed in obese rats may affect the energy imbalance
and promote fat infiltration or accumulation; in turn, fat
accumulation may affect the expression of adiponectin,
which leads to a vicious cycle.
In addition to its effect on controlling glucose and
lipid metabolism, adiponectin can also inhibit lipo
polysaccharide (LPS)-primed inflammasome activa
tion in macrophages via AMPK signalling-dependent
[29]
mechanisms , while adiponectin-AMPK signalling can
be inhibited during chronic low-grade inflammatory
responses, including obesity, non-alcoholic fatty liver
[30]
disease, atherosclerosis, IR, and T2DM . Therefore,
the decrease in adiponectin observed in obese rats may
reduce its inhibitory effect on inflammasome activation
and promote the inflammatory response. In our study,
SJP ameliorated the expression of adiponectin in rats
with obesity induced with an HFD. Similarly, some studies
showed that SJP could significantly increase serum
adiponectin levels in obesity-related glomerulopathy
[18,31]
patients and T2DM patients with dyslipidaemia
. As a

Adiponectin (ng/mL)

150

b

100

a
50

0
NG

HLG

HSG

Figure 2 Levels of serum adiponectin. The results are presented as the
mean ± SD. aP < 0.05 vs NG; bP < 0.05 vs HLG. NG: Normal group; HLG: Highfat diet group; HSG: High-fat diet group treated with Sheng-jiang powder.

where TGF-β expression was stimulated by HFD and
inhibited by SJP administration (Figure 3A).

Effects of SJP on apoptosis of pancreatic acinar
cells in obese rats

Apoptosis of pancreatic acinar cells was significantly
higher in the HLG than in the NG (P < 0.05; Figure 4).
Although we found no significant differences in apoptosis
following treatment with SJP, we found a downward
trend in the HSG (Figure 4).

SJP promotes PSC activation

To explore whether the repair effects of SJP on
pancreatic acinar cell damage occur through adenosine
5‘-monophosphate-activated protein kinase (AMPK)
signalling, we performed cellular tests of AR42J cells
and PSCs. The results showed that the expression of
fibronectin and type I collagenase was weak in normal
PSCs (Figure 5A). After stimulation with VLDL or normal
acinar cell culture supernatant, the expression of
fibronectin and type I collagenase increased (Figure 5B
and C). The supernatant of VLDL-treated AR42J cells
stimulated PSCs to trigger increased expression levels
of fibronectin and type I collagenase (Figure 5D), and
the expression of these two proteins was enhanced
after stimulation with acinar cell culture supernatant
treated with SJP (Figure 5E). The fibronectin and type I
collagenase expression levels were reduced (Figure 5F
and G) in the two groups of PSCs treated with the AMPK
inhibitor.

DISCUSSION
In the present study, HFD successfully induced an
[7]
obese rat model, as in our previous study . Our results
showed significantly higher BW, Lee’s index scores,
and serum triglyceride levels, lower serum adiponectin
levels, higher expression levels of NF-κB in pancreatic
tissues, and increased apoptosis of pancreatic acinar

WJG|www.wjgnet.com

4454

October 21, 2018|Volume 24|Issue 39|

Miao YF et al . SJP ameliorates obesity-induced pancreatic inflammatory injury

A

NF-κB p65 in AC
NF-κB p65 in IC

8

10

a

b
2

a

8
TGF-b in cytoplasm

NF-κB p65 (N/P) ratio

a
6

4

TGF-b in AC
TGF-b in IC

b

6

4
b
2

0

0
NG

HLG

HSG

NG

HLG

NG

HSG

HLG

HSG

NG

HLG HSG

B
NG

HLG

HSG

NG

HLG

HSG

Figure 3 Nuclear factor kappa-light-chain-enhancer of activated B cells and transforming growth factor beta expression in pancreatic tissues. A: Nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-κB) and transforming growth factor beta (TGF-β) expression in pancreatic acinar cells and inflammatory
cells; B: Immunohistochemistry assay for NF-κB expression; C: Immunohistochemistry assay for TGF-β expression. Negative: Blue; Positive: Yellow-brown.
The results are presented as the mean ± SD. aP < 0.05 vs NG; bP < 0.05 vs HLG. NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; TGF-β:
Transforming growth factor beta; NG: Normal group; HLG: High-fat diet group; HSG: High-fat diet group treated with Sheng-jiang powder; N/P ratio: Nuclear/
cytoplasmic ratio; AC: Acinar cells; IC: Inflammatory cells.

component of Curcuma longa, curcumin could attenuate
HFD-induced hepatic steatosis by regulating hepatic
[32]
lipid metabolism via AMPK activation . Thus, combined
with the anti-inflammatory effect of SJP, we speculate
that SJP may reduce the suppressive effect of obesity
on the adiponectin-AMPK signalling pathway, which may
contribute to energy consumption and further inhibit
the inflammatory response, eventually regulating lipid
metabolism in obese rats.
In addition to the aforementioned decrease in
adiponectin levels associated with the inflammatory
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response in obese rats, the NF-κB signalling pathway
and ER stress are two other important mechanisms of
the obesity-induced inflammatory response. As adiposity
increases, the balance between pro-inflammatory and
anti-inflammatory cytokines secreted by adipocytes
gradually becomes deregulated. In addition, those
unbalanced inflammatory cytokines can activate
macrophages via the Toll-like receptor 4 signalling
pathways, whereas the binding of TNF-α released by
macrophages to TNF-α receptors on adipocytes activates
[33]
the NF-κB signalling pathway
and promotes the
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Figure 4 Results of terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling staining of pancreatic acinar cells. A: TUNEL staining images of
pancreatic acinar cells; B: Apoptotic index of pancreatic acinar cells. Negative: blue; positive: yellow-brown. The results are presented as the mean ± SD. aP < 0.05 vs
NG. TUNEL: Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling; NG: Normal group; HLG: High-fat diet group; HSG: High-fat diet group treated
with Sheng-jiang powder group; CON: Negative staining control group.
[40,41]

amplification of inflammatory responses. In addition, ER
stress is currently recognized to be a mechanism of the
obesity-induced inflammatory response. Obesity-induced
ER stress primarily manifests itself in the activation
of two classic signalling pathways: The nuclear factor
of kappa light polypeptide gene enhancer in B cells
inhibitor (IκB)/NF-κB signalling pathway and the c-Jun
[34,35]
N-terminal kinase (JNK) signalling pathway
. The
phosphorylation of IκB and JNK triggers the activation
of transcription factors, such as NF-κB, that are closely
related to the inflammatory response downstream,
thereby promoting the development of inflammatory
[36]
responses . We know that SJP was effective for antiinflammation and could significantly downregulate the
expression of NF-κB in inflammatory diseases, such as
[37,38]
acute lung injury and glomerulonephritis
. This study
also confirmed that SJP reduced the expression of NFκB in pancreatic tissues. Therefore, SJP may reduce the
inflammatory response in the pancreas of obese rats via
the NF-κB signalling pathway.
TGF-β is a regulatory molecule with pleiotropic
effects on cell proliferation, differentiation, migration,
and survival and affects multiple biological processes,
including development, carcinogenesis, fibrosis, wound
[39]
healing, and immune responses . Although TGF-β is an
important cytokine that regulates tissue inflammation
and repair, its overexpression induces fibrosis, and
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the inhibition of TGF-β improves fibrotic disorder
.
[42]
Matsuda et al found that, in Zucker diabetic fatty rats
fed a chronic HFD, fat could accumulate in pancreatic
acinar cells, which was related to subsequent pancrea
tic fibrosis and acinar cell injury. Similarly, Yoshikawa
[43]
et al demonstrated that TGF-β1 could extend from periislets to the exocrine pancreas to become involved in
pancreatic fibrosis in Otsuka Long-Evans Tokushima
fatty rats, a model of naturally occurring obesity-related
diabetes.
In our study, the expression of TGF-β in pancreatic
acinar cells was rarely increased after 12 wk of HFD
intake, but it was highly expressed in pancreatic
inflammatory cells. Therefore, we speculate that obesity,
a persistent chronic injury with an accompanying
inflammatory response, may result in pancreatic fibrosis.
Interestingly, after SJP treatment, the expression of
TGF-β in pancreatic inflammatory cells was significantly
decreased with a dramatic reduction in NF-κB and an
increase in adiponectin. Thus, given the common use of
[40]
anti-inflammatory drugs in the treatment of fibrosis
and the anti-inflammatory effect of SJP, we speculate
that SJP may prevent pancreatic fibrosis by inhibiting the
inflammatory response in the pancreas of obese rats.
It has been well established that brain, liver, and heart
[44-46]
cells undergo apoptosis under obesity conditions
. To
confirm whether obesity induces pancreatic acinar cell
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Figure 5 Immunofluorescence results of fibronectin and type I collagenase expression in cells growing on glass coverslips from each group. I: Nuclear
staining of rat pancreatic stellate cells (blue fluorescence); II: Fibronectin staining (green fluorescence); III: Type I collagenase staining (red fluorescence). A:
Normal PSC (VLDL-, culture supernatant-); B: PSC stimulated directly with VLDL (VLDL+, culture supernatant-); C: PSC stimulated with normal acinar cell culture
supernatants (VLDL-, culture supernatant+); D: PSC stimulated with acinar cell culture supernatant treated with VLDL (VLDL+, culture supernatant+); E: PSC
stimulated with acinar cell culture supernatant treated with SJP (VLDL+, culture supernatant+, SJP+); F: PSC stimulated with acinar cell culture supernatant treated
with Compound C (VLDL+, culture supernatant+, Compound C+); G: PSC stimulated with acinar cell culture supernatant treated with Compound C and SJP (VLDL+,
culture supernatant+, SJP+, Compound C+). PSC: Pancreatic stellate cell; VLDL: Very low-density lipoprotein; SJP: Sheng-jiang powder.

apoptosis, we performed TUNEL staining. The results
showed that obesity could induce apoptosis of pancreatic
acinar cells. Moreover, one study has shown that the
phosphorylation of AMPK induced by adiponectin could
block interleukin 8-mediated endothelial cell death and
[47]
exert an anti-apoptotic effect . Considering the fact
that SJP increased the levels of serum adiponectin in our
study and that curcumin effectively reduced apoptosis
of pancreatic acinar cells caused by the long-term
[48]
intake of alcohol and different amounts of proteins ,
we speculated that SJP might play a role in the obesityinduced apoptosis of pancreatic acinar cells. However,
there was no significant difference in the amount of
apoptosis in acinar cells after SJP treatment in this study.
A possible explanation for this finding might be that a
single dose or the dosing concentration was insufficient.
To the best of our knowledge, only one study has
demonstrated that SJP inhibited the apoptosis of brain
cells in rats with vascular dementia, and its administration
[49]
method was intravenous drip at 10 mL/kg of BW SJP .
Almost immediately, from the start of injury, multiple
types of cells participate in the process of exocrine
pancreas repair and regeneration. These cells include
not only acinar cells, which are both villains and victims
in pancreatic injury, but also ductal epithelial cells,
[50]
inflammatory cells of the immune system, and PSCs .
Given the importance of epithelial-mesenchymal
[51]
interactions during pancreas development , interactions
between parenchymal cells and PSCs are almost
certain to be important for proper pancreatic repair.
Under physiological conditions, PSCs are at rest. In
the presence of profibrogenic mediators, such as
inflammatory cytokines and oxidative stress, PSCs are
[52]
activated . Activated PSCs produce large amounts of
a-smooth muscle actin and extracellular matrix proteins,
particularly fibronectin and type I collagenase, to achieve
the replacement of inflammatory infiltrates and the
[53]
repair or regeneration of tissue injuries . On the basis of
the in vivo data, under obesity conditions, inflammation
occurred in pancreatic tissues, and subsequently, acinar
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cell injury arose. Furthermore, culture media treated with
fat could stimulate acinar cells to produced profibrogenic
mediators. In addition, the supernatants collected from
acinar cells stimulated the proliferation of PSCs and the
synthesis of extracellular matrix proteins, particularly
fibronectin and type I collagenase. After treatment with
the AMPK inhibitor, the expression levels of fibronectin
and type I collagenase were reduced. For the first time,
we found that the inhibition of the AMPK signalling
pathway could impair the therapeutic effects of SJP by
diminishing the expression of fibronectin and type I
collagenase. Therefore, we boldly speculate that SJP may
promote acinar cell injury repair through the activation of
the AMPK signalling pathway.
This study expanded on the research from our
[7]
previous study . However, some limitations exist.
First, in the in vivo experiment, no critical upstream or
downstream factors were detected in the adiponectinAMPK pathway in pancreatic tissue other than serum
adiponectin. Second, the relationship between dose or
dose frequency and the concentration effect requires
further study. Finally, the specific effective monomer
components of SJP should be taken under consideration.
In conclusion, we demonstrated that obesity exa
cerbates pancreatic inflammatory injury in rats and
promotes the apoptosis of pancreatic acinar cells.
SJP can inhibit the inflammatory response, prevent
pancreatic fibrosis, and promote pancreatic acinar cell
repair, through the regulation of key molecules of the
adiponectin-AMPK signalling pathway, and eventually
ameliorate obesity-induced pancreatic inflammatory
injury in rats.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Obesity is a risk factor for non-alcoholic fatty pancreas disease and induces
pancreatic inflammatory injury. Sheng-jiang powder (SJP) can ameliorate
obesity-induced pancreatic inflammatory injury, but the specific mechanisms
remain unclear. Therefore, the investigation of the specific mechanisms
underlying the SJP amelioration of obesity-induced pancreatic inflammatory
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injury is urgently required.

required to provide evidence for wider clinical usage and to optimize and
simplify the formula.

Research motivation

Our previous studies have demonstrated that SJP can ameliorate the
inflammatory response and histopathological lesions in the pancreas of obese
rats. However, the specific mechanisms underlying ameliorating effects of
SJP on obesity-induced pancreatic inflammatory injury are far from sufficiently
understood. Therefore, this study aimed to further explore the specific
mechanisms of SJP on obesity-induced pancreatic inflammatory injury, to
provide evidence for its clinical application in the future.

REFERENCES
1
2

Research objectives

This study aimed to investigate the specific mechanisms by which SJP can
ameliorate obesity-induced pancreatic inflammatory injury.

Research methods

In the in vivo study, an obese rat model was induced by high-fat diet feeding,
which is widely accepted and used for the induction of obesity in rats. The
serum adiponectin levels were measured by enzyme-linked immunosorbent
assay (ELISA), which is a simple, rapid, accurate, and sensitive method. The
expression levels of nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-κB) and transforming growth factor beta (TGF-β) in pancreatic
tissues were measured by immunohistochemistry. The levels of apoptotic
cells in pancreatic tissue samples were analysed by terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labelling (TUNEL) assay.
In the in vitro study, a high-fat AR42J acinar cell injury model was
established with very low-density lipoprotein (VLDL), and the AR42J acinar
cell culture supernatants, treated with different interventions, were applied to
pancreatic stellate cells (PSCs). The proliferation of PSCs and the expression
of fibronectin and type I collagenase were measured by immunofluorescence
analysis.
All statistical analyses were performed with GraphPad Prism 6.01
software. Quantitative data are expressed as the mean ± standard deviation
when normally distributed. One-way analysis of variance followed by multiple
pair-wise comparisons using Dunnett-t test was used to detect differences
among the above parameters.

Research results

3

In the in vivo study, compared to the obese group (HLG), we found reduced
body weight, Lee’s index scores, serum triglyceride levels, and pathological
scores of pancreatic tissues; higher serum adiponectin levels; and lower
expression levels of NF-κB in pancreatic tissue and TGF-β in the inflammatory
cells of the pancreas in the SJP treatment group (HSG) (P < 0.05). In the in vitro
study, PSC activation was enhanced after SJP treatment, and the expression
levels of fibronectin and type I collagenase were increased after SJP treatment.
An adenosine 5‘-monophosphate-activated protein kinase (AMPK) inhibitor
inhibited the PSC activation process described above.
What remains to be determined is the relationship between dose or dose
frequency and the concentration effect. Furthermore, the specific effective
monomer components of SJP should be taken under consideration to provide
more systematic and comprehensive evidence for the clinical application of this
Chinese decoction.

4

5

6

Research conclusions

This study demonstrates, for the first time, that obesity exacerbates pancreatic
inflammatory injury in rats and promotes apoptosis in pancreatic acinar cells. In
addition, SJP can inhibit the inflammatory response, prevent pancreatic fibrosis,
promote pancreatic acinar cell repair, through the regulation of key molecules
of the adiponectin-AMPK signalling pathway, and eventually ameliorate obesityinduced pancreatic inflammatory injury in rats. Therefore, our study provides
molecular mechanisms as evidence for the clinical application of SJP.

7

8

Research perspectives

As we have found that SJP may ameliorate obesity-induced pancreatic
inflammatory injury in rats by regulating key molecules of the adiponectinAMPK signalling pathway, further investigation regarding the potential active
components of SJP and the interactions among these components is urgently

WJG|www.wjgnet.com

9

4459

World Health Organization. Obesity and overweight. October
18, 2017. Accessed July 2, 2018 Available from: URL: http://www.
who.int/mediacentre/factsheets/fs311/en/
Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono
C, Mullany EC, Biryukov S, Abbafati C, Abera SF, Abraham JP,
Abu-Rmeileh NM, Achoki T, AlBuhairan FS, Alemu ZA, Alfonso
R, Ali MK, Ali R, Guzman NA, Ammar W, Anwari P, Banerjee
A, Barquera S, Basu S, Bennett DA, Bhutta Z, Blore J, Cabral N,
Nonato IC, Chang JC, Chowdhury R, Courville KJ, Criqui MH,
Cundiff DK, Dabhadkar KC, Dandona L, Davis A, Dayama A,
Dharmaratne SD, Ding EL, Durrani AM, Esteghamati A, Farzadfar
F, Fay DF, Feigin VL, Flaxman A, Forouzanfar MH, Goto A,
Green MA, Gupta R, Hafezi-Nejad N, Hankey GJ, Harewood
HC, Havmoeller R, Hay S, Hernandez L, Husseini A, Idrisov
BT, Ikeda N, Islami F, Jahangir E, Jassal SK, Jee SH, Jeffreys M,
Jonas JB, Kabagambe EK, Khalifa SE, Kengne AP, Khader YS,
Khang YH, Kim D, Kimokoti RW, Kinge JM, Kokubo Y, Kosen
S, Kwan G, Lai T, Leinsalu M, Li Y, Liang X, Liu S, Logroscino
G, Lotufo PA, Lu Y, Ma J, Mainoo NK, Mensah GA, Merriman
TR, Mokdad AH, Moschandreas J, Naghavi M, Naheed A, Nand
D, Narayan KM, Nelson EL, Neuhouser ML, Nisar MI, Ohkubo
T, Oti SO, Pedroza A, Prabhakaran D, Roy N, Sampson U, Seo
H, Sepanlou SG, Shibuya K, Shiri R, Shiue I, Singh GM, Singh
JA, Skirbekk V, Stapelberg NJ, Sturua L, Sykes BL, Tobias M,
Tran BX, Trasande L, Toyoshima H, van de Vijver S, Vasankari
TJ, Veerman JL, Velasquez-Melendez G, Vlassov VV, Vollset SE,
Vos T, Wang C, Wang X, Weiderpass E, Werdecker A, Wright JL,
Yang YC, Yatsuya H, Yoon J, Yoon SJ, Zhao Y, Zhou M, Zhu S,
Lopez AD, Murray CJ, Gakidou E. Global, regional, and national
prevalence of overweight and obesity in children and adults during
1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 2014; 384: 766-781 [PMID: 24880830 DOI:
10.1016/S0140-6736(14)60460-8]
Cefalu WT, Bray GA, Home PD, Garvey WT, Klein S, Pi-Sunyer
FX, Hu FB, Raz I, Van Gaal L, Wolfe BM, Ryan DH. Advances in
the Science, Treatment, and Prevention of the Disease of Obesity:
Reflections From a Diabetes Care Editors’ Expert Forum. Diabetes
Care 2015; 38: 1567-1582 [PMID: 26421334 DOI: 10.2337/
dc15-1081]
Fraulob JC, Ogg-Diamantino R, Fernandes-Santos C, Aguila
MB, Mandarim-de-Lacerda CA. A Mouse Model of Metabolic
Syndrome: Insulin Resistance, Fatty Liver and Non-Alcoholic
Fatty Pancreas Disease (NAFPD) in C57BL/6 Mice Fed a High Fat
Diet. J Clin Biochem Nutr 2010; 46: 212-223 [PMID: 20490316
DOI: 10.3164/jcbn.09-83]
Catanzaro R, Cuffari B, Italia A, Marotta F. Exploring the
metabolic syndrome: Nonalcoholic fatty pancreas disease. World
J Gastroenterol 2016; 22: 7660-7675 [PMID: 27678349 DOI:
10.3748/wjg.v22.i34.7660]
Withrow D, Alter DA. The economic burden of obesity
worldwide: a systematic review of the direct costs of obesity. Obes
Rev 2011; 12: 131-141 [PMID: 20122135 DOI: 10.1111/j.1467789X.2009.00712.x]
Li J, Zhang YM, Li JY, Zhu L, Kang HX, Ren HY, Chen H, Yuan
L, Miao YF, Wan MH, Tang WF. Effect of Sheng-Jiang Powder
on Obesity-Induced Multiple Organ Injuries in Rats. Evid Based
Complement Alternat Med 2017; 2017: 6575276 [PMID: 29234419
DOI: 10.1155/2017/6575276]
Di Ciaula A, Portincasa P. Fat, epigenome and pancreatic diseases.
Interplay and common pathways from a toxic and obesogenic
environment. Eur J Intern Med 2014; 25: 865-873 [PMID:
25457435 DOI: 10.1016/j.ejim.2014.10.012]
Soeda J, Mouralidarane A, Cordero P, Li J, Nguyen V, Carter R,
Kapur SR, Pombo J, Poston L, Taylor PD, Vinciguerra M, Oben

October 21, 2018|Volume 24|Issue 39|

Miao YF et al . SJP ameliorates obesity-induced pancreatic inflammatory injury

10

11

12
13

14
15
16
17

18

19

20
21

22

23
24

25

26

JA. Maternal obesity alters endoplasmic reticulum homeostasis in
offspring pancreas. J Physiol Biochem2016; 72: 281-291 [PMID:
26979740 DOI: 10.1007/s13105-016-0476-6]
Debnath M, Agrawal S, Agrawal A, Dubey GP. Metaflammatory
responses during obesity: Pathomechanism and treatment. Obes
Res Clin Pract 2016; 10: 103-113 [PMID: 26614484 DOI:
10.1016/j.orcp.2015.10.012]
Gotoh K, Inoue M, Shiraishi K, Masaki T, Chiba S, Mitsutomi
K, Shimasaki T, Ando H, Fujiwara K, Katsuragi I, Kakuma T,
Seike M, Sakata T, Yoshimatsu H. Spleen-derived interleukin-10
downregulates the severity of high-fat diet-induced non-alcoholic
fatty pancreas disease. PLoS One 2012; 7: e53154 [PMID:
23285260 DOI: 10.1371/journal.pone.0053154]
Yu TY, Wang CY. Impact of non-alcoholic fatty pancreas disease
on glucose metabolism. J Diabetes Investig 2017; 8: 735-747
[PMID: 28371475 DOI: 10.1111/jdi.12665]
Poitout V, Amyot J, Semache M, Zarrouki B, Hagman D, Fontés
G. Glucolipotoxicity of the pancreatic beta cell. Biochim Biophys
Acta 2010; 1801: 289-298 [PMID: 19715772 DOI: 10.1016/
j.bbalip.2009.08.006]
Liu XM, Tong XL, Wang PQ. Discussion on the theory of turbidity
pathopoiesis. Shijie Zhongxiyi Jiehe Zazhi 2009; 4: 839-842 [DOI:
10.13935/j.cnki.sjzx.2009.12.002]
Tian SX, Li SM. Clinical application on the effect of Sheng-jiang
powder. Hebei Zhongxiyi Xuebao 1994; 9: 40-44 [DOI: 10.16370/
j.cnki.13-1214/r.1994.01.012]
Zheng WL, Su HS. Treatment of 60 cases of hyperlipidemia
by modified Sheng-jiang powder. Shaanxi Zhongyi 2010; 31:
1486-1487
Han JH, Su HS. Clinical observation on the effect of Shengjiang powder combined with metformin on nonalcoholic fatty
liver disease with metabolic syndrome. Shaanxi Zhongyi 2013; 34:
989-991
Yang J, Ni HG, Guo XY, Li L. Effect of modified Sheng-jiang
powder on the pancreatic function of patients with T2DM and
dyslipidemia. Zhongxiyi JIehe Yanjiu 2016; 8: 1-4 [DOI: 10.3969/
j.issn.1674-4616.2016.01.001]
Zhu L, Li JY, Zhang YM, Kang HX, Chen H, Su H, Li J, Tang
WF. Pharmacokinetics and pharmacodynamics of Shengjiang
decoction in rats with acute pancreatitis for protecting against
multiple organ injury. World J Gastroenterol 2017; 23: 8169-8181
[PMID: 29290653 DOI: 10.3748/wjg.v23.i46.8169]
Qi MM, Ma J, He LW. Simultaneous determination of four
components in sheng-jiang powder by HPLC. Zhongyaocai 2015;
38: 2418-2420 [DOI: 10.13863/j.issn1001-4454.2015.11.044]
Li M, Ye T, Wang XX, Li X, Qiang O, Yu T, Tang CW, Liu R.
Effect of Octreotide on Hepatic Steatosis in Diet-Induced Obesity
in Rats. PLoS One 2016; 11: e0152085 [PMID: 27002331 DOI:
10.1371/journal.pone.0152085]
Kusske AM, Rongione AJ, Ashley SW, McFadden DW, Reber
HA. Interleukin-10 prevents death in lethal necrotizing pancreatitis
in mice. Surgery 1996; 120: 284-288; discussion 289 [PMID:
8751594 DOI: 10.1016/S0039-6060(96)80299-6]
X u L Z , Ya n g W T. J u d g i n g c r i t e r i a f o r t h e r e s u l t s o f
immunohistochemical reactions. Zhongguo Aizheng Zazhi 1996; 6:
229-231 [DOI: 10.19401/j.cnki.1007-3639.1996.04.001]
Siech M, Zhou ZF, Zhou SX, Bair B, Alt A, Hamm S, Gross
H, Mayer J, Beger HG, Tian XD, Kornmann M, Bachem MG.
Stimulation of stellate cells by injured acinar cells: A model of
acute pancreatitis induced by alcohol and fat (VLDL). Am J
Physiol-Gastr L 2009; 297: G1163-G1171 [PMID: 19779015 DOI:
10.1152/ajpgi.90468.2008]
Johnson AR, Milner JJ, Makowski L. The inflammation highway:
metabolism accelerates inflammatory traffic in obesity. Immunol
Rev 2012; 249: 218-238 [PMID: 22889225 DOI: 10.1111/j.1600065X.2012.01151.x]
Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa
J, Hotta K, Shimomura I, Nakamura T, Miyaoka K, Kuriyama H,
Nishida M, Yamashita S, Okubo K, Matsubara K, Muraguchi M,
Ohmoto Y, Funahashi T, Matsuzawa Y. Paradoxical decrease of an

WJG|www.wjgnet.com

27
28
29

30
31

32

33

34

35

36

37

38

39
40

41

42

4460

adipose-specific protein, adiponectin, in obesity. 1999. Biochem
Biophys Res Commun 2012; 425: 560-564 [PMID: 22925674 DOI:
10.1016/j.bbrc.2012.08.024]
Carling D. AMPK signalling in health and disease. Curr Opin
Cell Biol 2017; 45: 31-37 [PMID: 28232179 DOI: 10.1016/
j.ceb.2017.01.005]
Lafontan M, Viguerie N. Role of adipokines in the control of energy
metabolism: focus on adiponectin. Curr Opin Pharmacol 2006; 6:
580-585 [PMID: 16973420 DOI: 10.1016/j.coph.2006.08.002]
Kim MJ, Kim EH, Pun NT, Chang JH, Kim JA, Jeong JH,
Choi DY, Kim SH, Park PH. Globular Adiponectin Inhibits
Lipopolysaccharide-Primed Inflammasomes Activation in
Macrophages via Autophagy Induction: The Critical Role of
AMPK Signaling. Int J Mol Sci 2017; 18: pii: E1275 [PMID:
28617316 DOI: 10.3390/ijms18061275]
Day EA, Ford RJ, Steinberg GR. AMPK as a Therapeutic Target
for Treating Metabolic Diseases. Trends Endocrinol Metab 2017;
28: 545-560 [PMID: 28647324 DOI: 10.1016/j.tem.2017.05.004]
Hao YJ, Dong YF, Wang GY, Tian LM, Yin XW, Wang YH,
Zhang PX. Effect of Sheng-jiang powder combined acupuncture
on serum leptin and adiponectin in patients with obesity-related
glomerulopathy. Jichu Zhangyi Zazhi 2015; 21: 1438-1440
Um MY, Hwang KH, Ahn J, Ha TY. Curcumin attenuates dietinduced hepatic steatosis by activating AMP-activated protein
kinase. Basic Clin Pharmacol Toxicol 2013; 113: 152-157 [PMID:
23574662 DOI: 10.1111/bcpt.12076]
Razolli DS, Moraes JC, Morari J, Moura RF, Vinolo MA, Velloso
LA. TLR4 expression in bone marrow-derived cells is both
necessary and sufficient to produce the insulin resistance phenotype
in diet-induced obesity. Endocrinology 2015; 156: 103-113 [PMID:
25375037 DOI: 10.1210/en.2014-1552]
Arkan MC, Hevener AL, Greten FR, Maeda S, Li ZW, Long JM,
Wynshaw-Boris A, Poli G, Olefsky J, Karin M. IKK-beta links
inflammation to obesity-induced insulin resistance. Nat Med 2005;
11: 191-198 [PMID: 15685170 DOI: 10.1038/nm1185]
Hirosumi J, Tuncman G, Chang L, Görgün CZ, Uysal KT, Maeda
K, Karin M, Hotamisligil GS. A central role for JNK in obesity and
insulin resistance. Nature 2002; 420: 333-336 [PMID: 12447443
DOI: 10.1038/nature01137]
Yin J, Gu L, Wang Y, Fan N, Ma Y, Peng Y. Rapamycin improves
palmitate-induced ER stress/NF κB pathways associated with
stimulating autophagy in adipocytes. Mediators Inflamm 2015;
2015: 272313 [PMID: 25653476 DOI: 10.1155/2015/272313]
Wei KF, Geng YH, Chang JS, Pan Y, Zhang QH, Zhang MY.
Effects of Sheng-jiang powder on expression of NF-κB in
pulmonary microvascular endothelial cells of rats with acute lung
injury. Nanjing Zhongyiyao Daxue Xuebao 2008; 24: 341-342
[DOI: 10.14148/j.issn.1672-0482.2008.05.019]
Yu JS, Wang Q, Yu HQ. Effects of Shengjiangsan on expression
of NF-κB in rats with mesangial proliferative glomerulonephritis.
Zhongguo Yanfangxue Xuebao 2011; 17: 190-193 [DOI: 10.13422/
j.cnki.syfjx.2011.10.066]
Blobe GC, Schiemann WP, Lodish HF. Role of transforming growth
factor beta in human disease. N Engl J Med 2000; 342: 1350-1358
[PMID: 10793168 DOI: 10.1056/NEJM200005043421807]
Gerarduzzi C, Di Battista JA. Myofibroblast repair mechanisms
post-inflammatory response: a fibrotic perspective. Inflamm Res
2017; 66: 451-465 [PMID: 28040859 DOI: 10.1007/s00011-0161019-x]
Nagashio Y, Ueno H, Imamura M, Asaumi H, Watanabe S,
Yamaguchi T, Taguchi M, Tashiro M, Otsuki M. Inhibition of
transforming growth factor beta decreases pancreatic fibrosis
and protects the pancreas against chronic injury in mice. Lab
Invest 2004; 84: 1610-1618 [PMID: 15502860 DOI: 10.1038/
labinvest.3700191]
Matsuda A, Makino N, Tozawa T, Shirahata N, Honda T, Ikeda
Y, Sato H, Ito M, Kakizaki Y, Akamatsu M, Ueno Y, Kawata
S. Pancreatic fat accumulation, fibrosis, and acinar cell injury
in the Zucker diabetic fatty rat fed a chronic high-fat diet.
Pancreas 2014; 43: 735-743 [PMID: 24717823 DOI: 10.1097/

October 21, 2018|Volume 24|Issue 39|

Miao YF et al . SJP ameliorates obesity-induced pancreatic inflammatory injury

43

44

45

46

47

MPA.0000000000000129]
Yoshikawa H, Kihara Y, Taguchi M, Yamaguchi T, Nakamura H,
Otsuki M. Role of TGF-beta1 in the development of pancreatic
fibrosis in Otsuka Long-Evans Tokushima Fatty rats. Am J Physiol
Gastrointest Liver Physiol 2002; 282: G549-G558 [PMID:
11842006 DOI: 10.1152/ajpgi.00323.2001]
Kang DH, Heo RW, Yi CO, Kim H, Choi CH, Roh GS. High-fat
diet-induced obesity exacerbates kainic acid-induced hippocampal
cell death. BMC Neurosci 2015; 16: 72 [PMID: 26518260 DOI:
10.1186/s12868-015-0202-2]
Long W, Hui Ju Z, Fan Z, Jing W, Qiong L. The effect of
recombinant adeno-associated virus-adiponectin (rAAV2/1Acrp30) on glycolipid dysmetabolism and liver morphology
in diabetic rats. Gen Comp Endocrinol 2014; 206: 1-7 [PMID:
25019654 DOI: 10.1016/j.ygcen.2014.07.003]
Lekli I, Szabo G, Juhasz B, Das S, Das M, Varga E, Szendrei
L, Gesztelyi R, Varadi J, Bak I, Das DK, Tosaki A. Protective
mechanisms of resveratrol against ischemia-reperfusion-induced
damage in hearts obtained from Zucker obese rats: the role
of GLUT-4 and endothelin. Am J Physiol Heart Circ Physiol
2008; 294: H859-H866 [PMID: 18065527 DOI: 10.1152/
ajpheart.01048.2007]
Chandrasekar B, Boylston WH, Venkatachalam K, Webster
NJ, Prabhu SD, Valente AJ. Adiponectin blocks interleukin-18mediated endothelial cell death via APPL1-dependent AMP-

48
49
50
51

52

53

activated protein kinase (AMPK) activation and IKK/NF-kappaB/
PTEN suppression. J Biol Chem 2008; 283: 24889-24898 [PMID:
18632660 DOI: 10.1074/jbc.M804236200]
Zhou XC. Effects of Curcumin on Pancreatic Acinar Cell Injury
in Rats with Long-term Alcohol Intake and Different Amount of
Protein. Zhongguo Yaofang 2011; 22: 4041-4043
Shi JF, Ma J, Guo CH. Efficacy and mechanism of Sheng-jiang
powder on vascular dementia in rats. Zhongguo Laonianxue Zazhi
2017; 37: 1341-1344 [DOI: 10.3969/j.issn.1005-9202.2017.06.016]
Murtaugh LC, Keefe MD. Regeneration and repair of the
exocrine pancreas. Annu Rev Physiol 2015; 77: 229-249 [PMID:
25386992 DOI: 10.1146/annurev-physiol-021014-071727]
Landsman L, Nijagal A, Whitchurch TJ, Vanderlaan RL, Zimmer
WE, Mackenzie TC, Hebrok M. Pancreatic mesenchyme regulates
epithelial organogenesis throughout development. PLoS Biol
2011; 9: e1001143 [PMID: 21909240 DOI: 10.1371/journal.
pbio.1001143]
Apte MV, Haber PS, Applegate TL, Norton ID, McCaughan GW,
Korsten MA, Pirola RC, Wilson JS. Periacinar stellate shaped cells
in rat pancreas: identification, isolation, and culture. Gut 1998; 43:
128-133 [PMID: 9771417 DOI: 10.1136/gut.43.1.128]
Wehr AY, Furth EE, Sangar V, Blair IA, Yu KH. Analysis
of the human pancreatic stellate cell secreted proteome.
Pancreas 2011; 40: 557-566 [PMID: 21499210 DOI: 10.1097/
MPA.0b013e318214efaf]
P- Reviewer: Bramhall S, Neri V S- Editor: Ma RY
L- Editor: Wang TQ E- Editor: Huang Y

WJG|www.wjgnet.com

4461

October 21, 2018|Volume 24|Issue 39|

World J Gastroenterol 2018 October 21; 24(39): 4462-4471

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i39.4462

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Case Control Study

Molecular evaluation of glutathione S transferase
family genes in patients with sporadic colorectal cancer
Gabriela Helena Rodrigues-Fleming, Glaucia Maria de Mendonça Fernandes, Anelise Russo, Patrícia
Matos Biselli-Chicote, João Gomes Netinho, Érika Cristina Pavarino, Eny Maria Goloni-Bertollo
conflicts of interest.

Gabriela Helena Rodrigues-Fleming, Glaucia Maria de
Mendonça Fernandes, Anelise Russo, Patrícia Matos BiselliChicote, Érika Cristina Pavarino, Eny Maria Goloni-Bertollo,
Genetics and Molecular Biology Research Unit - UPGEM, São
José do Rio Preto Medical School, FAMERP, São José do Rio
Preto, SP 15090-000, Brazil

Data sharing statement: Participants gave written informed
consent for data sharing.
STROBE statement: The authors have read the STROBE
Statement-checklist of items, and the manuscript was prepared
and revised according to the STROBE Statement.

João Gomes Netinho, Department of Surgery and Coloproctology,
São José do Rio Preto Medical School, FAMERP, São José do Rio
Preto, SP 15090-000, Brazil

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/

ORCID number: Gabriela Helena Rodrigues-Fleming (0000
-0002-6714-6931); Glaucia Maria de Mendonça Fernandes
(0000-0002-8113-3598); Anelise Russo (0000-0003-1963-2043);
Patrícia Matos Biselli-Chicote (0000-0001-6936-4716); João
Gomes Netinho (0000-0003-0264-1883); Érika Cristina Pavarino
(0000-0003-0959-0695); Eny Maria Goloni-Bertollo (0000-0002
-2622-4673).
Author contributions: Rodrigues-Fleming GH planned and
conducted the study, collected and interpreted data, and drafted
and wrote the manuscript; Fernandes GMM participated in
the collection of the genetic material, performed the analytical
assessments, and revised the manuscript; Russo A participated in
the collection of the genetic material; Biselli-Chicote PM critically
revised the analytical tools and the manuscript; Netinho JG
collected data on sporadic colorectal cancer patients; Pavarino ÉC
served as scientific advisor; Goloni-Bertollo EM was the guarantor,
planned the study, and critically revised the manuscript.

Manuscript source: Unsolicited manuscript
Correspondence to: Eny Maria Goloni-Bertollo, PhD, Adjunct
Professor, Postdoc, Genetics and Molecular Biology Research
Unit - UPGEM, Department of Molecular Biology, São José do
Rio Preto Medical School (FAMERP), Av. Brigadeiro Faria Lima,
- 5416 - Vila São Pedro, São José do Rio Preto, SP 15090-000,
Brazil. eny.goloni@famerp.br
Telephone: +55-17-32015720
Fax: +55-17-32015708

Supported by the São Paulo Research Foundation (FAPESP), No.
2011/23969-1 and No. 2012/02473-0; Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001
(Master Grant); and National Council of Technological and Scientific
Development (CNPq) No. 310582/2014-8.

Received: June 29, 2018
Peer-review started: July 2, 2018
First decision: July 17, 2018
Revised: July 27, 2018
Accepted: August 24, 2018
Article in press: August 24, 2018
Published online: October 21, 2018

Institutional review board statement: The study was reviewed
and approved by the FAMERP Institutional Review Board, and
it was approved by the Ethics in Research Committee CEP/
FAMERP, protocol no. 012/2012.

Abstract

Informed consent statement: All patients gave informed
consent.

AIM
To evaluate the association between polymorphisms

Conflict-of-interest statement: The authors declare no
WJG|www.wjgnet.com

4462

October 21, 2018|Volume 24|Issue 39|

Rodrigues-Fleming GH et al . Glutathione S transferase family genes in CRC

in glutathione S transferases (GSTs) and the risk of
sporadic colorectal cancer (SCRC), tumor progression
and the survival of patients.

greater than 60 years, smoking, and alcohol habits are
some of the risk factors for SCRC. Detoxification and
elimination of carcinogens contained in tobacco and
alcohol require metabolic activation mediated by enzymes
that metabolize the xenobiotics (XME). Polymorphisms in
genes such as GSTP1 , GSTT1 , and GSTM1 that encode
enzymes involved in XMEs may be related to important
processes in colorectal carcinogenesis.

METHODS
A case-control study of 970 individuals from the
Brazilian population was conducted (232 individuals
from the case group with colorectal cancer and 738
individuals from the control group without a history of
cancer). PCR multiplex and PCR-RFLP techniques were
used to genotype the GST polymorphisms. The tumors
were categorized according to the TNM classification:
tumor extension (T), affected lymph nodes (N), and
presence of metastasis (M). Logistic regression, multiple
logistic regression and survival analysis were used to
analyze the data. The results are presented in terms of
odds ratio (OR) and 95% confidence interval (CI). The
level of significance was set at 5% (P ≤ 0.05).

Rodrigues-Fleming GH, Fernandes GMM, Russo A, BiselliChicote PM, Netinho JG, Pavarino ÉC, Goloni-Bertollo EM.
Molecular evaluation of glutathione S transferase family genes in
patients with sporadic colorectal cancer. World J Gastroenterol
2018; 24(39): 4462-4471 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i39/4462.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i39.4462

RESULTS
Age equal to or over 62 years (OR = 8.79; 95%CI:
5.90-13.09, P < 0.01) and female gender (OR = 2.91;
95%CI: 1.74-4.37; P < 0.01) were associated with
increased risk of SCRC. Analysis of the polymorphisms
revealed an association between the GSTM1 poly
morphisms and a risk of SCRC (OR = 1.45; 95%CI:
1.06-2.00; P = 0.02), as well as between GSTT1 and
a reduced risk of the disease (OR = 0.65; 95%CI:
0.43-0.98; P = 0.04). An interaction between the
presence of the wild-type allele of GSTP1 Ile105Val
polymorphism and tobacco consumption on risk of
SCRC (OR = 2.33; 95%CI: 1.34-4.05; P = 0.05) was
observed. There was an association between the
GSTM1 null genotype and the presence of advanced
tumors (OR = 2.33; 95%CI: 1.23-4.41; P = 0.009),
as well as increased risk of SCRC in the presence of a
combination of GSTT1 non-null/GSTM1 null genotypes
(OR = 1.50; 95%CI: 1.03-2.19; P = 0.03) and GSTT1
non-null/GSTM1 null/GSTP1 Val* (OR = 1.85; 95%CI:
1.01-3.36, P = 0.04). Combined GSTT1 non-null/GSTM1
null genotypes (OR = 2.40; 95%CI: 1.19-4.85; P = 0.01)
and GSTT1 non-null/GSTM1 null/GSTP1 Val* (OR = 2.92;
95%CI: 1.05-8.12; P = 0.04) were associated with
tumor progression. Polymorphisms were not associated
with the survival of patients with SCRC.

INTRODUCTION
Colorectal cancer is the third most frequent cancer
[1]
worldwide and the fifth most frequent type of cancer
[2]
in Brazil . Estimates for the year 2018 in Brazil are
17380 new cases for men and 18980 new cases for
[2]
women .
Sporadic colorectal cancer (SCRC) develops from
polyps (adenomas) in the colon and rectum walls, of
varying sizes, and can change to dysplasia, triggering
[2-4]
the development of cancer .
SCRC is a multifactorial disease, influenced by
genetic factors, such as mutations or polymorphisms
in genes that participate in pathways responsible for
regulating cell growth, including tumor suppressor
[5,6]
genes and proto-oncogenes . Other related factors are
age, gender, environmental factors, and lifestyle habits
[7]
such as smoking and alcohol consumption . Genetic
factors may influence the effect of the environment on
predisposition to the disease. Therefore, the incidence
[1,8,9]
of SCRC varies among populations
.
There are many genes encoding enzymes responsible
for the metabolism of xenobiotics, in which detoxification
occurs. Some of the major genes involved in phase
II are the cytosolic glutathione S transferase (GST)
superfamily, including GST mi (GSTM1), theta (GSTT1),
[10,11]
and pi (GSTP1)
. These catalyze the conjugation
of structurally different by-products of oxidative stress
and xenobiotics to glutathione (GSH), which leads to
the elimination of toxic substances from the cells and
the protection of important cellular components such as
[12]
nucleic acids and proteins . GST gene expression varies
[13]
between different tissues and cell types .
In addition to being very common in the general
population, the complete absence of GSTT1 and/or
GSTM1 may alter their expression or the activity of
[14]
the protein itself . In general, GSTP1 appears to be
highly expressed in proliferating cells compared with
differentiated cells. In addition, many of the GSTs are
overexpressed in various neoplastic cells and higher

CONCLUSION
Females aged 62 years or older are more susceptible
to SCRC. Polymorphisms of GSTT1 and GSTM1 null
genotypes modulated the susceptibility to SCRC in the
population studied.
Key words: Colorectal neoplasms; Smoking; Alcohol;
Glutathione S transferase; Genetic polymorphisms
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sporadic colorectal cancer (SCRC) is the
third most common cancer worldwide and includes
malignancies that occur in the colon and rectum. Age
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[15]

levels are observed in aggressive cancer cells . The
change in the GSTP1 gene also significantly alters the
[16,17]
enzymatic activity
, influencing the detoxification
of carcinogens, causing DNA damage, and exerting an
[18]
indirect effect on the risk of cancer development .
Therefore, the objectives of this study were to
evaluate the association of epidemiological risk factors
and these polymorphisms with the development of
SCRC, the interaction between these polymorphisms and
both smoking and alcohol habits, and the association
between the polymorphisms and clinical-histopathological
parameters and survival among patients with SCRC.

with red gel. The restriction enzyme digestion was
performed using BsmaI. The results and genotyping
were performed after 2.0% agarose gel electrophoresis
stained with red gel. The presence of 91 and 85 bp
bands corresponded to the GG polymorphic genotype;
the 176, 91, and 85 bp bands corresponded to the
heterozygous genotype AG; and the 176 bp band
corresponded to the wild-type AA genotype.

Statistical analysis

Descriptive statistics included mean values, standard
deviation for continuous data, and percentage for
categorical data. The Hardy-Weinberg equilibrium
(HWE) was evaluated using the chi-square test through
the BioEstat Program version 5.0. The binary logistic
regression model, using the Minitab/Windows-Version
12.22 program, was used to evaluate the association of
age, gender, smoking, and drinking habits with SCRC,
and to evaluate the association between SCRC and
clinical-histopathological parameters. Binary multiple
logistic regression, adjusted for age, gender, and smoking
and drinking habits, was used to evaluate the association
between the genetic models of the polymorphisms
and the development of SCRC using the SNPStats
program (available at: http://bioinfo.iconcologia.net/
SNPstats_web). The effect of the polymorphisms was
evaluated in the models as (1) codominant (heterozygous
vs wild-type homozygous and polymorphic homozygous
vs wild-type homozygous); (2) dominant (heterozygous
+ polymorphic homozygous vs wild-type homozygous);
(3) recessive (homozygous polymorphic vs wild- type
homozygous + heterozygous); (4) overdominant
(heterozygous vs wild-type homozygous + polymorphic
homozygous); or (5) additive (polymorphic homozygous
with 2 + heterozygous vs wild-type homozygous). The
SNPStats program was used to evaluate the interac
tion between the polymorphisms and smoking habit,
adjusted for age, gender, and alcohol consumption, and
to evaluate the interaction between polymorphisms
and alcohol consumption, adjusted for age, gender, and
smoking, in SCRC risk. The effect of the polymorphisms
on the overall survival time of SCRC patients was
analyzed by the Kaplan-Meier curve and log rank test
using the StatsDirect version 2.7.2 program. The results
are presented in terms of odds ratio (OR) and 95%
confidence interval (CI). For all statistical analyses the
level of significance was set at 5% (P < 0.05).

MATERIALS AND METHODS
Approval and consent

The study was approved by the Ethics CommitteeMedical School of Sao Jose do Rio Preto - FAMERP
(No. 012/2012). The 970 individuals who agreed to
participate in the study signed a consent form. The
variables analyzed included gender, age, ethnicity,
profession, smoking, alcohol consumption, and personal
and familial history of cancer.

Study populations

The case group consisted of 232 (112 men and 120
women) patients from the Department of Coloproctology
of the Base Hospital of Sao Jose do Rio Preto who
received the clinical and/or histopathological diagnosis of
SCRC between 2010 and 2016. The exclusion criterion
was previous treatment with chemotherapy and/or
radiotherapy. The control group included 738 (370 men
and 368 women) blood donors from the Blood Center
of Sao Jose do Rio Preto. The exclusion criterion for
controls was personal and family history of cancer in at
least three previous generations. Individuals who had
smoked at least 100 cigarettes throughout their lives
were considered smokers, and those who drank more
than four servings of alcohol per week (one serving
corresponded to 30 mL of liquor, a 102-mL glass of
wine containing 12% alcohol, or a 340-mL can of beer)
[19,20]
were considered alcohol consumers
. SCRC was
categorized according to TNM classification: tumor
extension (T), affected lymph nodes (N), and presence
[21]
of metastasis (M) .

Molecular analysis

Analysis of the GSTT1 and GSTM1 polymorphisms was
performed using the polymerase chain reaction (PCR)
multiplex technique, with the CYP1A1 gene as the
[22]
internal positive control of amplification . PCR products
were analyzed on 1.5% agarose gel stained with red gel.
Analysis of the GSTP1 A313G polymorphism was
performed using the polymerase chain reactionpolymorphism restriction fragment chain reaction (PCRRFLP) technique with primers described by Harries
[23]
et al . The 176 base pair (bp) PCR products were
analyzed by electrophoresis in 1.5% agarose gel stained

WJG|www.wjgnet.com

RESULTS
Sociodemographic data

Table 1 presents the demographic data of SCRC patients
and controls. Age equal to or above 62 years (OR = 8.79;
95%CI: 5.90-13.09; P < 0.01) and female gender (OR
= 2.91; 95%CI: 1.74-4.37; P < 0.01) were associated
with a risk of SCRC. The genotypic frequencies of
GSTP1 Ile105Val polymorphism were observed in the
HWE in both groups (Case: P = 1, Control: P = 0.29).
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Table 1 Sociodemographic characteristics, risk factors, and polymorphisms GSTT1 , GSTM1 , GSTP1 A313G in patients with
colorectal cancer and controls n (%)

Gender
Male
Female
Age [yr (mean) ± SD]
< 62
≥ 62
Smoking Habit
Non-smoker
Smoker
Alcohol Consumption
Non-drinker
Drinker
GSTP1
Codominant

Dominant
Recessive
Overdominant

1

Case (n = 232)

Control (n = 738)

OR (95%CI)

112 (48)
120 (52)
(62) ± 12
112 (49)
120 (51)

370 (50)
368 (50)
(48) ± 12
621 (84)
117 (16)

1.00
2.91 (1.94-4.37)a
1.00
8.79 (5.90-13.09)a

130 (56)
102 (44)

465 (63)
273 (37)

1.00
1.45 (0.98-2.14)

132 (57)
100 (43)

395 (54)
343 (46)

1.00
1.28 (0.85-1.91)

A/A
A/G
G/G
A/A
A/G-G/G
A/A-A/G
G/G
A/A-G/G
A/G

227 (43.7)
224 (43.2)
68 (13.1)
227 (43.7)
292 (56.3)
451 (86.9)
68 (13.1)
295 (56.8)
224 (43.2)
-

107 (46.1)
102 (44)
23 (9.9)
107 (46.1)
125 (53.9)
209 (90.1)
23 (9.9)
130 (56)
102 (44)
-

1.00
1.06 (0.73-1.54)
0.88 (0.48-1.59)
1.00
1.02 (0.71-1.45)
1
0.85 (0.48-1.50)
1.00
1.09 (0.76-1.55)
0.97 (0.75-1.27)

+/+
0/0

573 (77.6)
165 (22.4)

192 (82.8)
40 (17.2)

1.00
0.65 (0.43-0.98)a

+/+
0/0

385 (52.2)
353 (47.8)

100 (43.1)
132 (56.9)

1.00
1.45 (1.06-2.00)a

Variables

Additive
GSTT1

GSTM1

1

OR adjusted for age, gender, and alcohol and smoking habits and polymorphisms; aP < 0.05 vs control. OR: Odds ratio.

Individual polymorphism analysis

allele) (OR = 1.85; 95%CI: 1.01-3.36; P = 0.045).
The combined GSTT1 non-null/GSTM1 null genotypes
(OR = 2.40; 95%CI: 1.19-4.85; P = 0.015) and GSTT1
non-null/GSTM1 null/GSTP1 Val* (OR = 2.92; 95%CI:
1.05-8.12; P = 0.040) were associated with tumor
progression (Table 4).

GSTM1 null genotype carriers had a higher risk of
developing the disease (OR = 1.45; 95%CI: 1.06-2.00;
P = 0.022). On the other hand, the GSTT1 polymorphism
was associated with a reduced risk of SCRC (OR = 0.65;
95%CI: 0.43-0.98; P = 0.037; Table 1).
In the present study, there was a significant
interaction between the presence of the wild-type allele
of the GSTP1 Ile105Val polymorphism and smoking habit
on the risk of SCRC (OR = 2.33; 95%CI: 1.34-4.05; P =
0.049). However, there was no interaction between the
other polymorphisms and smoking or drinking habits on
the risk of the disease (Table 2).
With regard to the clinical-histopathological para
meters of the SCRC samples, the rectum was the most
frequent primary site (60%), in addition to aggressive
tumors (69.65%; Table 3). There was an association
between the GSTM1 null genotype and the presence of
aggressive tumors (OR = 2.33, 95%CI: 1.23-4.41; P =
0.0087).

Survival analysis

Kaplan-Meier curve analysis showed that the survival
time of carriers of the polymorphic allele GSTP1
Ile105Val, and the GSTM1 and GSTT1 null genotypes,
were not significantly different from the survival time of
non- carriers of these polymorphisms (Table 5).

DISCUSSION
In the present study, it was observed that individuals
with advanced age (≥ 62 years) were more susceptible
to SCRC, which is consistent with previous reports
where old age was considered to be an etiological factor
[2,24]
for this tumor type
. In terms of gender, women
are more susceptible to SCRC. Other studies have
observed a similar trend in gender among patients with
[25-27]
SCRC and the control group
. An increase in the
number of cases among women due to an increase in
cigarette smoking and alcohol consumption has been
[28,29]
observed
. It is important to note that the group

Analysis of the combined polymorphisms

An increased risk of SCRC was observed in the
presence of the combination of the GSTT1 non-null/
GSTM1 null genotypes (OR = 1.50; 95%CI: 1.03-2.19;
P = 0.033) and the GSTT1 non-null/GSTM1 null/GSTP1
Val* (*with the presence of at least one polymorphic
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362
103

231
234

110
20

52
78

1.00
1.38 (0.90-2.10)

1.00
0.60 (0.34-1.04)

1.00
1.40 (0.87-2.27)

1

OR (95%CI)

48
54

82
20

57
45

Case

154
119

211
62

91
115

Control

Smoker

1.40 (0.86-2.28)
2.19 (1.34-3.57)

1.42 (0.98-2.08)
1.03 (0.57-1.88)

2.33 (1.34-4.05)a
1.59 (0.91-2.77)

1

OR (95%CI)

OR adjusted for age, gender, alcohol and smoking habits and polymorphisms; aP < 0.05 vs control. OR: Odds ratio.

136
177

50
80

Control

Tobacco consumption

56
76

108
24

59
73

Case

206
189

300
95

116
147

Control

Non-smoker
1

1.00
1.42 (0.93-2.18)

1.00
0.63 (0.37-1.07)

1.00
1.12 (0.69-1.81)

OR (95%CI)

44
56

84
16

48
52

Case

Alcohol consumption
Smoker

179
164

273
70

111
145

Control

0.76 (0.46-1.26)
1.14 (0.72-1.82)

0.76 (0.52-1.12)
0.53 (0.28-1.01)

1.31 (0.74-2.31)
1.19 (0.70-2.04)

1

OR (95%CI)

of women with SCRC evaluated in this study had a mean age of 62 ± 13 years, which may suggest that hormonal factors might contribute to SCRC. Some studies have
[30-32]
associated postmenopausal state with the incidence of colorectal cancer in women
. In addition, hormone replacement therapy has been proved to be a protective
[33-36]
[37]
factor for SCRC
. A meta-analysis demonstrated an association between the protective effect of soy estrogen in women with SCRC who were postmenopausal .
[38]
Smoking and drinking habits were not associated with SCRC in the present study. On the other hand, Koh et al
observed a threefold increased risk of colorectal
cancer among smokers compared to those who had never smoked. Some data on the risk of SCRC due to alcohol consumption are inconsistent, which can be explained
[39,40]
by the variation in the amount of alcohol consumption analyzed in the different studies
. Analysis of the HWE revealed that the GSTP1 Ile105Val polymorphism
[26,41]
was in equilibrium in both the case and control groups. This result was similar to that observed by other studies in SCRC
. With regard to the GSTT1 and GSTM1
[25]
polymorphisms, the HWE test was not possible because the molecular analysis did not distinguish wild-type homozygous and heterozygous individuals .
[3,25,27,42]
In the present study, the GSTP1 gene polymorphism showed no association with SCRC, corroborating other investigations in Bulgarian and Chinese populations
.
However, one study in a Tunisian population observed a significant difference in the frequency of polymorphisms between the case and control groups and was associated
[26]
with the risk of SCRC . A single study observed a reduced risk of SCRC in the presence of the GSTP1 Ile105Val polymorphism; however, there are no consistent data to
[16]
explain the biological relevance of this finding .
The GSTP1 gene polymorphism results in an alteration of the amino acid sequence of the protein and a consequent reduction in enzymatic activity and inefficient
[43]
detoxification . However, although the GSTP1 Ile105Val polymorphism was not associated with SCRC in this study, the level of expression of this gene may be an
important factor, which is not dependent on this genetic change. A hepatocellular carcinoma (HCC) study found that increased GSTP1 gene expression in vivo and in vitro
[44]
resulted in reduced cell proliferation in tumor cells, inhibition of Akt phosphorylation, and cell cycle disruption in G1/S by increasing p21 and p27 cell cycle inhibitors . High
[44]
GSTP1 expression was also associated with better prognosis in patients with HCC . In addition, hypermethylation of GSTP1 has been observed in several types of cancers,
[45]
such as prostate, breast, lung, and liver cancers .
In relation to the GSTT1 and GSTM1 gene polymorphisms, the GSTT1 null genotype was associated with a reduced risk of the development of SCRC, whereas the
presence of the GSTM1 null genotype was associated with increased risk of SCRC. The absence of some of the GST isoenzymes in normal colorectal mucosa resulting
[4]
from null genotypes such as the presence of the GSTM1 polymorphism may alter the major detoxification function of GSTs in the metabolism of xenobiotics . In Chinese
[25,46]
and Iranian populations, an increased risk of SCRC in the presence of GSTT1 and GSTM1 null genotypes was determined
. On the other hand, other studies did
[3,16,26,46-49]
[4]
not find an association between GSTT1 and GSTM1 null genotypes with SCRC
. In a case-control study, Vlaykova et al found no association between GSTM1
null genotype and the risk of SCRC, but the GSTT1 null genotype was associated with an increased risk of SCRC. These different results may be related to the time of

1

GSTP1
A/A
A/G-G/G
GSTT1
+/+
0/0
GSTM1
+/+
0/0

Case

Non-smoker

Table 2 Interaction between polymorphisms in the genes GSTP1 , GSTT1 , and GSTM1 and smoking or alcohol habits on the risk of sporadic colorectal cancer
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Table 3 Distribution of the clinical-histopathological parameters in relation to the polymorphisms in the genes GSTP1 , GSTT1 , and

GSTM1 in patients with colorectal cancer n (%)
Models

GSTP1
Codominant

Dominant
Recessive
Overdominant
Aditivo
GSTT1

Tumor progression (TNM) (n = 201)

Genotypes

1

Non-advanced
61 (31)

Advanced
140 (69)

OR

A/A
A/G
G/G
A/A
A/G-G/G
A/A-A/G
G/G
A/A-G/G
A/G
-

31 (51)
23 (38)
6 (10)
31 (51)
29 (48)
54 (90)
6 (10)
37 (61)
23 (38)
-

62 (44)
65 (47)
11 (8)
62 (44)
76 (55)
127 (92)
11 (8)
73 (52)
65 (47)
-

1.00
1.37
1.14
1.00
1.32
1.00
1.00
1.00
1.34
1.18

+/+
0/0

47 (78)
13 (22)

47 (78)
20 (14)

+/+
0/0

34 (56)
26 (43)

53 (38)
85 (61)

95%CI

Primary site
1

Colon

Rectum

OR

(0.70-2.56)
(0.73-1.92)

42 (46)
38 (41)
11 (12)
42 (46)
49 (53)
80 (87)
11 (12)
53 (58)
38 (41)
-

65 (46)
64 (45)
12 (8)
65 (46)
76 (53)
129 (91)
12 (8)
77 (54)
64 (45)
-

1.00
0.96
0.73
1.00
0.91
1.00
0.74
1.00
1.02
0.89

1.00
0.57

(0.26-1.27)

78 (85)
13 (14)

114 (80)
27 (19)

1.00
1.47

(0.71-3.06)

1.00
2.33

(1.23-4.41)a

45 (49.5)
46 (50.5)

55 (39)
86 (61)

1.00
1.49

(0.87-2.57)

(0.70-2.66)
(0.37-3.50)
(0.71-2.48)
(0.34-2.95)

95%CI

(0.54-1.72)
(0.29-1.85)
(0.53-1.57)
(0.31-1.81)
(0.59-1.77)
(0.59-1.34)

GSTM1

1

OR adjusted for age, gender, alcohol and smoking habits and polymorphisms; aP < 0.05 vs control. OR: Odds ratio.

exposure to environmental factors and the population
heterogeneity.
It has been observed that the effect of GST
polymorphisms, when combined, may increase the
[41]
risk of SCRC two- or threefold . The present study
demonstrated that combinations of GSTT1 non-null/
GSTM1 null genotypes and GSTT1 non-null/GSTM1
null/GSTP1 Val* (presence of at least one polymorphic
allele) are associated with an increased risk of SCRC
and tumor progression. These findings corroborate the
results of individual analyses of polymorphisms, which
indicate the influence of the GSTT1 non-null genotype
on SCRC because the null genotype was associated with
a reduced risk of the disease.
In the Indian population, an association between
the GSTM1 null/GSTT1 null genotypes and the
combination of GSTM1 null/GSTT1 null/GSTP1 Val*
[41]
and the risk of SCRC was observed . This result
[4]
was also observed in a study by Vlaykova et al
in the Bulgarian population. A study in the Turkish
population found an association between the GSTT1
null/GSTM1 non-null genotypes and GSTT1 null/
GSTM1 non-null/GSTP1 Ile (wild-type homozygote)
[3]
[25]
and SCRC . Cong et al
observed an increased
risk in the presence of GSTT1/GSTM1 genotypes,
whereas the combination of GSTT1 non-null/GSTM1
null genotypes resulted in a significant reduced
risk of SCRC, differing from the findings of this and
other studies. On the other hand, other studies
that analyzed the effect of the combined genotypes
GSTT1/GSTM1 did not find an association with the
[26,47,48]
risk of SCRC
. Several studies have evaluated the
potential association between SCRC and the combined
genotypes of these polymorphisms. The observed
results vary, indicating the importance of studying the
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effects of the genotypic combination in SCRC.
In the present study, a significant interaction be
tween the presence of the wild-type allele of GSTP1
Ile105Val polymorphism and smoking habit on the risk
of SCRC was demonstrated. Differing from the results
of the present study, a study in the Chinese population
found no interaction between the GSTP1 Ile105Val and
[38]
smoking habit or drinking habit on the risk of SCRC .
The literature is sparse in terms of studies evaluating
the interaction between risk factors and the GSTP1
Ile105Val polymorphism in the development of SCRC.
The biological relevance of this finding is unclear as
the presence of at least one polymorphic allele of the
GSTP1 gene combined with the nullity of GSTM1 and
the presence of the GSTT1 allele were associated with
increased risk of SCRC. In addition, smoking habit was
not associated with this tumor type in the present study.
With regard to the GSTT1 and GSTM1 polymor
phisms, this study did not find an association between
smoking or drinking habits and the risk of SCRC. These
results are in accordance with two other studies in a
[46,48]
Korean and Japanese population
. The study by Piao
[49]
et al
did not show a relationship between drinking
habit and the GSTT1 and GSTM1 null genotypes on
the risk of SCRC. However, a study in Singapore found
an increased risk for smokers carrying at least two null
[38]
genotypes that caused low enzyme activity .
The controversial results regarding these polymor
phisms may suggest that other genes involved in the
metabolism of xenobiotics may be more relevant in
the development of SCRC, such as polymorphisms in
[27,50]
genes acting on phase I xenobiotic metabolism
.
Although the polymorphisms studied change in order to
reduce or eliminate the enzymatic activity, other genes
can also act, compensating for the detoxification of the
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303
270
82
83
n = 519
96
126
22
34
86
98
23
34

68
97
19
14

32
36
10
9
42
55
9
5

n = 738

1.00
1.13
1.45
0.90
1.52
1.85
1.27
1.27

1.00
1.50
1.00
0.61

Colorectal cancer
1
Control
OR

(0.61-2.10)
(0.56-3.77)
(0.36-2.25)
(0.81-2.83)
(1.01-3.36)a
(0.48-3.40)
(0.11-1.08)

(1.03-2.19)a
(0.55-1.84)
(0.32-1.19)

95%CI

12
14
5
3
8
10
3
1

26
21
8
5

20
22
5
6
22
42
5
3

42
76
11
9

4468

(0.34-2.56)
(0.12-2.18)
(0.21-5.31)
(0.65-4.86)
(1.05-8.12)a
(0.25-6.19)
(0.14-7.42)

(1.19-4.85)a
(0.26-2.15)
(0.35-4.10)

16
12
18
2
11
19
1
2

34
36
7
4

Colon
(n = 81)

10
17
22
7
19
33
7
2

34
61
12
10

1.00
1.81
1.41
4.57
2.58
2.06
5.47
1.88

1.00
1.67
1.70
2.60

Primary site
1
Rectum
OR
(n = 117)

(0.67-4.92)
(0.33-5.98)
(0.80-26.24)
(0.99-6.75)
(0.83-5.15)
(0.92-32.60)
(0.27-13.33)

(0.88-3.18)
(0.59-4.94)
(0.72-9.46)

95%CI

substances present in tobacco and alcohol.
With regard to the clinical-histopathological parameters of SCRC, some studies have shown that low activity GST genotypes can be associated with more aggressive
[51,52]
tumors and survival in colorectal cancer patients
. An association between the GSTM1 null genotype and the presence of advanced tumors has been observed.
[47]
One study demonstrated an association between aggressive tumors and the presence of the GSTT1 null genotype . However, other studies that evaluated the same
[3,27,42,49]
polymorphisms did not find an association between the polymorphic genotypes and the clinical- histopathological parameters of SCRC
.
This biological relationship between GST and progression is still not well described. However, a possible explanation for this is that GSTs play important roles in the
regulation of genes related to activation of cellular maintenance, proliferation and apoptosis evasion. Thus, GSTs interact with tumor necrosis factor (TNF) receptor
[12,53,54]
associated factor 2 (TRAF2) and decrease signal transduction from receptors in the TNF alpha-like (TNF-α) and c-Jun NH2-terminal kinase (JNK kinase) pathways
.
No association between polymorphisms and the primary sites of SCRC were identified in the present study. In accordance with these findings, the study by Vlaykova et
[4]
[41]
al did not find an association between polymorphisms of GSTT1 and GSTM1 null genotypes and the primary site. However, Wang et al , observed an increased risk of
rectal cancer in the presence of the GSTM1 null genotype, while the GSTT1 null genotype was associated with a risk of colon cancer.
It is worth noting that predisposition to SCRC is multifactorial and results from the interaction between allelic variants of low-penetrance genes and environmental
[3,55,56]
factors such as advanced age, eating habits, and smoking and drinking habits
. Therefore, the findings regarding the modulation of susceptibility to SCRC in the
presence of the polymorphisms analyzed, regardless of smoking or drinking habits, reinforce the influence of these polymorphisms on the etiology of SCRC, even though
they do not influence patient survival. These results may contribute to the understanding of the mechanisms involved in colorectal carcinogenesis.
In conclusion, females with advanced age are more susceptible to SCRC. The presence of the GSTM1 null genotype is associated with an increased risk of SCRC.
The GSTM1 null genotype is associated with tumor progression. The combination of GSTT1/GSTM1 and GSTT1/GSTM1/GSTP1 genotypes are associated with

1.00
0.93
0.50
1.07
1.78
2.92
1.25
1.01

1.00
2.40
0.74
1.20

Tumor progression (TNM) (n = 198)
1
Non- advanced
Advanced
OR
95%CI
(n = 60)
(n = 138)

OR adjusted for age, gender, alcohol and smoking habits and polymorphisms; aP < 0.05 vs control; *Ile/Val ou Val / Ile. OR: Odds Ratio.

1

Double combination of genotypes
GSTT1
GTM1
(+)
(+)
(+)
(-)
(-)
(+)
(-)
(-)
Triple combination of genotypes
GSTT1
GSTM1
GSTP1
(+)
(+)
Ile/Ile
(+)
(+)
Val*
(-)
(+)
Ile/Ile
(-)
(+)
Val*
(+)
(-)
Ile/Ile
(+)
(-)
Val*
(-)
(-)
Ile/Ile
(-)
(-)
Val*

Case
(n = 198)

Table 4 Association between the double combined GSTT1 /GSTM genotypes and triple combined GSTT1 /GSTM /GSTP1 , colorectal cancer, tumor progression, and primary site, adjusted for
gender, age, smoking, and alcohol consumption
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for age, gender, and ethnicity, and to evaluate the interaction of polymorphisms
and alcohol consumption, adjusted for age, gender and smoking, on the risk
of SCRC. In addition, the Kapla-Meier curve was used to assess the overall
survival of patients with SCRC.

Table 5 Polymorphisms GSTT1 , GSTM1 , and GSTP1 in
relation to overall survival of colorectal cancer patients
Polymorphisms
GSTT1
Positive
Negative
GSTM1
Positive
Negative
GSTP1 A313G
AA
AG
GG

Survival (5 yr)

Research results

64
68

The data showed that carriers of polymorphisms in the GSTM1 genes and the
combination of GSTT1 non-null/GSTM1 null genotypes and GSTT1 non-null/
GSTM1 null/GSTP1 Val* (*with the presence of at least one polymorphic allele)
constitute a risk group for SCRC, and polymorphisms in the GSTM1 gene and
the GSTT1 non-null/GSTM1 null combinations, GSTT1 non-null/GSTM1 null/
GSTP1 Val* increase the aggressiveness of the tumor. Thus, considering the
high incidence of this cancer, it is important to understand the factors that lead
to carcinogenesis in order to develop preventive and therapeutic strategies for
the management of cancer.

67
63
61
70
63

a

P < 0.05 vs control.

Research conclusions

Similar studies have not previously been performed in the Brazilian population.
Therefore, this work is unprecedented in this population. In addition, we
emphasize the importance of the association between female gender and
susceptibility to SCRC as well as the survival analysis associated with the
polymorphisms studied, which have not been extensively studied in the
literature. Polymorphisms in the GSTP1, GSTT1 and GSTM1 genes were
involved in carcinogenesis and the poor prognosis of SCRC. In the Brazilian
population it was observed that females with advanced age were more
susceptible to SCRC. The presence of the GSTM1 null genotype, and the
combination of GSTT1/GSTM1 and GSTT1/GSTM1/GSTP1 genotypes are
associated with an increased risk of SCRC and tumor progression.
This study provides a perspective on biomarkers of GSTs related to the
prognosis of SCRC that has not been extensively studied in other populations,
especially the Brazilian population. These data may contribute to clinical
practice. Another interesting fact was the association between females, age
over 60 years and the risk of SCRC. Menopausal women (estrogen reduction)
were also shown to be more susceptible to SCRC. Polymorphisms in the
genes involved in the xenobiotic metabolism pathway are associated with the
development and poor prognosis of SCRC.
In this study, statistical analyses were widely used, and unlike other
studies, multiple logistic regression was performed to evaluate the interactions
between the polymorphisms studied and variables. In addition, survival was
assessed by Kaplan Meier analysis. These analyses are extremely relevant in
studies involving population genetic polymorphisms.
An association between some polymorphisms of xenobiotic metabolism
and the development and progression of SCRC was observed. Advanced
age and female gender were associated with the development of SCRC and
polymorphisms in the genes involved in the xenobiotic metabolism pathway
were associated with the development and poor prognosis of SCRC. This study
may contribute to GSTs being used as diagnostic and prognostic biomarkers for
SCRC. These data together with the findings of other studies may contribute to
the development of treatment strategies for SCRC.

an increased risk of SCRC and tumor progression.
Polymorphisms are not associated with the overall
survival rate of SCRC patients.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Colorectal cancer is the third most common cancer worldwide and develops
on the inner walls of the colon and rectum. Genetic and environmental factors
may increase the risk of colorectal cancer via the metabolism of carcinogens.
Therefore, the evaluation of polymorphisms in genes involved in this process
may help to modulate the development of colorectal cancer. Polymorphisms in
genes encoding GSTP1, GSTT1, and GSTM1 may alter enzymatic activity. This
change can lead to DNA damage and deregulation of the mechanisms involved
in colorectal cancer.

Research motivation

Polymorphisms in the coding genes GSTP1, GSTT1, and GSTM1 have been
studied in terms of susceptibility to diseases such as cancer. However, the
literature presents conflicting results. Therefore, several studies are needed
to assess and confirm the role of factors that influence changes in metabolic
processes related to colorectal cancer.

Research objectives

The main objective of this study was to evaluate the influence of polymorphisms
in the GSTP1, GSTT1 and GSTM1 genes on the risk of colorectal cancer.
The data showed that carriers of polymorphisms in the GSTM1 genes and the
combination of GSTT1 non-null/GSTM1 null genotypes and GSTT1 non-null/
GSTM1 null/GSTP1 Val* (*with the presence of at least one polymorphic allele)
constitute a risk group for sporadic colorectal cancer (SCRC), and polymorphisms
in the GSTM1 gene and the GSTT1 non-null/GSTM1 null combinations, GSTT1
non-null/GSTM1 null/GSTP1 Val* increase the aggressiveness of the tumor. Thus,
considering the high incidence of this cancer, it is important to understand the
factors that lead to carcinogenesis in order to develop preventive and therapeutic
strategies for the management of cancer.

Research perspectives

This study demonstrated the importance of population studies with a large
sample size in research on polymorphisms. Thus, we intend to expand the
sample size to validate the results and include more polymorphisms related
to the xenobiotic pathways in order to better understand the roles of these
pathways in SCRC carcinogenesis. Research methods such as real-time PCR,
are important in order to accurately quantify the presence of polymorphisms.

Research methods

This case-control study evaluated 970 individuals, 232 cases and 738
controls, using multiplex polymerase chain reaction (PCR) and polymerase
chain reaction-restriction fragment chain reaction (PCR-RFLP) polymorphism,
Demographics are tabulated by percentage. The binary logistic regression
model was used to evaluate the association of age, gender, smoking and eating
habits with SCRC, and to evaluate the association of the Hardy-Weinberg
equilibrium (HWE) with the Chi-square test. Multiple binary logistic regression,
adjusted for age, gender and smoking and alcohol habits, was also used to
evaluate the association between the genetic models of the polymorphisms
and the development of SCRC. The dominant genotypic model was used to
assess the interaction between polymorphisms and smoking habits, adjusted
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METHODS
A cohort study within a single tertiary center included
386 consecutive patients with biopsy proven BE, who
were recruited between 2004-2014. Endoscopic and
histologic data were prospectively recorded. Cancer
morbidity was obtained from the national cancer
registry. Main outcomes were BE related (defined as
esophagus and cardia) and non-BE related cancers
(all other cancers). Cancer incidence and all-cause
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mortality were compared between patients with highgrade dysplasia (HGD) and with low-grade or no
dysplasia (non-HGD) using Kaplan-Meier curves and cox
regression models.

guidelines recommend endoscopic surveillance for early
[1,2]
detection
and endoscopic treatment of early esoph
[3-7]
ageal neoplasia . BE surveillance is associated with
[8,9]
earlier stage EAC and increased survival . In addition,
endoscopic treatment can result in complete eradication
of both dysplasia and intestinal metaplasia and a reduced
[7,10-12]
risk of disease progression
.
Mortality in the overwhelming majority of BE patients
is not related to EAC but is rather due to non-esophageal
[11,13,14]
malignancies and cardiovascular disorders
. Allcause mortality is higher in patients with advanced grades
[11,14]
of BE dysplasia compared to matched controls
. Nonesophageal cancer mortality in Danish patients with high
grade dysplasia (HGD) was higher than non-dysplastic
BE and matched controls, though comparing HGD to
non-dysplastic BE was not an endpoint, and was not
[14]
analyzed for significance . Another population based
cohort study conducted in Israel showed increased
prevalence of colorectal, prostate, kidney, bladder and
thyroid cancer in BE patients occurring at a younger age
[15]
compared to matched controls . To the best of our
knowledge, no other publications examined the potential
association between histologic features of BE and nonEAC cancer morbidity. Better characterization of cancer
morbidity among patients with BE may identify risk
factors and enable better surveillance, cancer prevention
[16]
and optimal resource use . Therefore, the primary aim
of the current study was to study cancer morbidity and
overall mortality within a prospectively followed cohort of
BE patients according to grade of dysplasia.

RESULTS
Of the 386 patients, 12 had HGD, 7 had a BE related
cancer. There were 75 (19.4%) patients with 86 cases
of lifetime cancers, 76 of these cases were non-BE
cancers. Seven (1.8%) and 18 (4.7%) patients had BE
and non-BE incident cancers, respectively. Twelve (3.1%)
patients had HGD as worst histologic result. Two (16.7%)
and 16 (4.4%) incident non-BE cancers occurred in the
HGD and non-HGD group, respectively. Ten-year any
cancer and non-BE cancer free survival was 63% and
82% in the HGD group compared to 93% and 95%
at the non-HGD group, respectively. Log-rank test for
patients with more than one endoscopy, assuring longer
follow up, showed a significant difference (P < 0.001
and P = 0.017 respectively). All-cause mortality was not
significantly associated with BE HGD.
CONCLUSION
Patients with BE and HGD, may have a higher risk for
all-cause cancer morbidity. The implications on cancer
prevention recommendations should be further studied.
Key words: Barrett’s esophagus; High grade dysplasia;
Esophageal cancer; Upper endoscopy; Cancer morbidity
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Barrett’s esophagus (BE) is known to be
associated with esophageal carcinoma (EAC) and
increased all cause and cancer specific mortality, but
EAC is responsible only for a minority of BE mortality
cases. We found patients with high-grade dysplasia
to be more prone to non-BE related cancers, on top
of BE related cancers. Such information can affect
the recommended extraesophageal surveillance, and
contribute the debate about the cost-effectiveness of
endoscopic surveillance and to health systems decision
making.

Patients and definitions

All consecutive BE patients undergoing upper endoscopy
at the Tel-Aviv Sourasky medical center between
2009-2014 were included, thus determining sample size.
Clinical, endoscopic, and histologic data were collected
from patient files in a prospective manner between 2009
and 2014. Pre-study data was retrospectively collected,
as far back as 2004.
BE was defined as having a characteristic endoscopic
appearance of any length, and histologic diagnosis of
intestinal metaplasia with goblet cells on biopsies taken
[1]
from the columnar esophageal mucosa .

Bar N, Schwartz N, Nissim M, Fliss-Isacov N, Zelber-Sagi
S, Kariv R. Barrett’s esophagus with high grade dysplasia is
associated with non-esophageal cancer. World J Gastroenterol
2018; 24(39): 4472-4481 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i39/4472.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i39.4472

Study design

This is a retrospective cohort study.

Study setting

Tel-Aviv Sourasky medical center - a tertiary referral
center for BE.

INTRODUCTION

Data retrieval and databases used

Data collection included the following parameters for
each endoscopy: BE segment length-circumferential
and maximal lengths were calculated and recorded
[17]
according to the Prague classification . We categorized

Barrett’s esophagus (BE) is a premalignant condition in
which intestinal metaplasia replaces normal squamous
[1,2]
epithelium at the distal esophagus . BE predisposes
for esophageal adenocarcinoma (EAC), and current
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the BE segment length as long (BE segment measuring
3 cm and above), short (1-2.9 cm), and ultra-short (<
1 cm). Presence of endoscopic abnormalities was also
recorded. Histologic results for each endoscopy were
classified as no dysplasia, low grade dysplasia (LGD),
[18]
HGD, intramucosal adenocarcinoma (IMC), and EAC .
All biopsies with suspected dysplasia were reviewed by
2 expert GI-pathologists. If a patient had more than
one dysplasia result or endoscopic report, the most
severe dysplasia as well as the longest BE segment
during follow up were chosen for analysis, respectively.
Individual follow up was censored either by a diagnosis
of cancer, at the end of the follow up period (December
2014), or death. Patient information collected included
age, gender, cancer history (including type of cancer),
individual number of endoscopies during the study
period, and date of death.
The primary outcome of this study was non-BE
cancer incidence, and secondary aims included BE related
cancer and overall mortality. In order to determine the
difference in cancer morbidity in patients with higher
degrees of dysplasia, we compared patients who had
HGD and patients with LGD or non-dysplastic BE (nonHGD group).
Cancer morbidity data was retrieved from the Israeli
national cancer registry (NCR). The NCR records all
incident cases of malignant neoplasms other than basal
or squamous cell skin cancers. Trained registrars review
available documents from hospitals, pathology labs, and
death certificates from local health authorities. Upon
retrieval of data from the NCR, its records were updated
until December 2014.
Cancers were categorized as BE related or non-BE
related. As diagnostic inaccuracies between EAC and
[19]
gastric cardia adenocarcinoma are known to occur , we
classified them both as BE cancers. All other malignancies
were recorded as non-BE cancer. For all cancer free
analysis, we used cancer cases which occurred within
the follow up period. We also recorded cases occurring
before the first available endoscopy as pre-study cancer,
and reported the total life-time cancers retrieved from
the NCR.
The date of death information was retrieved from
the Central Bureau of Statistics.
This study was approved by our center’s institutional
review board - approval number 0022-09. As data were
collected from medical records throughout the study,
informed consent was waivered by the institutional
review board.

the independent-sample t-tests (or Mann-Whitney test)
were used.
For each patient, the cancer free survival time was
calculated based on the first endoscopy date (i.e., start
date) and the first cancer date or the end of the followup date (December 2014) for patients who were cancer
free. For non-BE cancer, we used the first non-BE cancer
date for the calculation. Kaplan-Meier curve was utilized
to compare survival trends, using the Log-rank test.
All Kaplan-Meier analysis was done for patients with
multiple endoscopies to avoid confounding. In addition,
the Cox regression was used to perform univariate and
multivariable regression in all patients (adjusting for
potential confounders, found to be associated with HGD
in the univariate analysis), displaying the hazard ratios
(HRs) and adjusted HR (Adj.HR) with 95% confidence
intervals (95%CI).
The statistical analyses were performed using SAS 9.4
software (SAS Institute Inc., Cary, NC, United States).
Significance was set at P < 0.05.

RESULTS
A total of 387 patients with biopsy proven BE were
included with endoscopic data starting at May 2004
until December 2014. One foreign patient with missing
NCR data was excluded, leaving 386 for analysis, see
Figure 1. The analysis for non-BE cancer among BE
patients with or without dysplasia, included 379 patients
who did not develop IMC or BE-cancer during the study
follow-up. The total cohort number of endoscopies was
963, with a mean of 2.5 ± 2.0 endoscopies per patient.
Two hundred sixty-eight (69.4%) were males with an
overall mean age of 60.0 ± 13.1 years (Table 1). Long
segment BE was found in 225 (59.7%) of patients. The
worst degrees of dysplasia/neoplasia were LGD, HGD,
IMC, and EAC in 19 (4.9%), 12 (3.1%), 1 (0.3%),
and 6 (1.6%), respectively. Study inclusion per year is
shown in Supplementary Table 1 in the supplementary
section.
Seventy-five patients (19.4%) had invasive lifetime
cancers, reported by the NCR database, of whom 10
(2.6%) had lifetime BE cancers. There were pre-study
cancers in 50 (13%) patients, of which 3 were BE cancers
(0.8%) and 47 were non-BE cancers (12.2%). Incident
cancers occurred in 7 BE cancers (1.8%) patients and
non-BE cancers in 18 (4.7%) patients. The pre-study
cancers and incident cancers are detailed in Table 2. Of
note, one of the 2 esophageal pre-study cancers was
a squamous cell carcinoma and not EAC. Subjects prestudy cancers were not included in cancer outcome
analysis as they occurred outside of follow up period as
explained in the materials and methods section.
The HGD group included 12 patients, and the non
HGD group (LGD and non-dysplastic BE) 367 patients.
Comparison of these 2 groups is presented in Table 2
for demographic and endoscopic characteristics. In the
HGD group 2 patients (16.7%) had non-BE incident

Statistical analysis

Categorical variables were described as frequency and
percentage and continuous variables were presented
with mean (standard deviation) median, (range) as
needed. Comparisons between patients with HGD and
patients with lower degrees of dysplasia (non-HGD)
were performed using Chi-square test (or Fisher’s exact
test) for categorical variables. For continuous variables,
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Table 1 Demographic, endoscopic and histologic characteristics of the study population
Patient data
Age at study inclusion
Gender - male
Number of endoscopies per patient
Patients with multiple endoscopies
Circumferential extent of BE (cm)
Maximal extent of BE (cm)
Presence of endoscopic abnormalities
Ultra-short BE segment (BE < 1 cm)
Short BE segment (1 cm ≤ BE < 3 cm)
Long BE segment (BE ≥ 3 cm)
Worst degree of dysplasia
Esophageal adenocarcinoma
Intramucosal carcinoma
High grade dysplasia
Low grade dysplasia

All sample (n = 386)

HGD (n = 12)

Non-HGD (n = 367)

60.0 (13.1) [61.1, 18.4-89.6]
268 (69.43)
2.5 (2.0) [2, 1-17]
245 (63.47%)
3.3 (3.3) [2, 0-19]
4.4 (3.2) [3, 0.2-20]
56 (14.51)
28 (7.43)
124 (32.89)
225 (59.68)

66.3 (12.8) [66.6, 42.4-85.8]
9 (75)
6.6 (2.6) [7, 3-11]
12 (100)
4.5 (2.92) [4.5, 1-11]
6.0 (3.22) [6, 2-14]
8 (66.67)
0 (0)
2 (18.18)
9 (81.82)

59.8 (13.2) [60.6, 18.4-89.6]
253 (68.94)
2.4 (1.7) [2, 1-10]b
227 (61.9)a
3.2 (3.23) [2, 0-19]
4.25 (3.17) [3, 0.2-20]a
44 (11.99)b
28 (7.8)
122 (33.98)
209 (58.22)

6 (1.6)
1 (0.3)
12 (3.1)
19 (4.9)

Continuous variables were presented as mean (SD) and [median, range]. Categorical variables are presented as n (%). Statistical difference refers to the
HGD and non-HGD groups. aP < 0.01; bP < 0.001. BE: Barrett’s esophagus; HGD: High grade dysplasia; Non-HGD: Low grade or without dysplasia.

n = 387
Patients with full medical records
5/2004-12/2014 (965 endoscopies)
One foreign patient
without NCR data

n = 386
1
(963 endoscopies)
7 patients had
BE cancer

n = 379
2
Patients without BE cancer (953 endoscopies)

18 patients developed non-BE cancer

25 patients developed
any type of cancer

Figure 1 Study flow-chart. 1Out of the 386 patients, 245 (63%) had more than one endoscopy; 2Out of the 379 patients, 239 (63%) had more than one endoscopy.
BE: Barrett’s esophagus; NCR: National Cancer Registry.

cancers (lung and pancreatic cancers), compared with
16 (4.4%) patients in the non HGD group who had 18
cancers (in patients with 2 incident cancers the earliest
one was included for analysis). As expected, patients
with HGD, had a higher frequency of endoscopies,
higher rate of endoscopic abnormalities (P < 0.001),
and a longer maximal extent of BE compared with nonHGD patients (P < 0.01).
Kaplan-Meier survival curves for cancer free and
all-cause survival are presented in Figure 2. To avoid
the confounding effect of the number of endoscopies
and assuring longer follow-up for all patients, Kaplan
Meier analysis was done on patients with at least 2
endoscopies.

WJG|www.wjgnet.com

For the primary endpoint, non-BE cancer free survival
was worse in patients with HGD compared with nonHGD, as shown in the Kaplan-Meier curves, Figure 2A.
Log-rank test P-value was 0.0166 (n = 239), The 2-year
and 10-year non-BE cancer free survival rates were 91%
and 82% and 98% and 95% for the in HGD group and
non-HGD group, respectively, in patients with multiple
endoscopies. Univariate Cox regression analysis, Table
3, showed that HGD was not a significant predictor nonBE cancer (HR = 3.40, 95%CI: 0.78-14.84, P = 0.104),
but in multivariable Cox regression adjusting for age,
cancer history and number of endoscopies, HGD was
significantly associated with increased risk for non-BE
cancer (Adj.HR = 8.32, 95%CI: 1.35-51.33, P = 0.022).
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Table 2 Overall cancer cases, stratified to pre-study and incident cases n (%)
Pre-study cancers

Incident cancers

Lifetime cancers

2 (0.5)2
2 (0.5)
3 (0.8)
9 (2.3)
1 (0.3)
1 (0.3)
0 (0)
5 (1.3)
11 (2.8)
2 (0.5)
8 (2.07)
4 (1)
4 (1)
3 (0.8)
0 (0)
0 (0)
3 (0.8)
1 (0.3)
59 (15.3)
3 (0.8)
56 (14.5)

4 (1)
3 (0.8)
0 (0)
1 (0.3)
0 (0)
0 (0)
2 (0.5)
4 (1)
0 (0)
2 (0.5)
4 (1)
2 (0.5)
2 (0.5)
0 (0)
2 (0.5)
1 (0.3)
0 (0)
0 (0)
27 (7)
7 (1.8)
20 (5.2)

6 (1.6)
5 (1.3)
3 (0.8)
10 (2.6)
1 (0.3)
1 (0.3)
2 (0.5)
9 (2.3)
11 (2.8)
4 (1)
12 (3.1)
6 (1.6)
6 (1.6)
3 (0.8)
2 (0.5)
1 (0.3)
3 (0.8)
1 (0.3)
86 in 75 (19.4) patients1
10 in 10 (2.6) patients
76 in 65 (16.8) patients

Esophagus
Cardia
Stomach
Colorectal cancer
Small intestine
Cholangiocarcinoma
Pancreas
Bladder
Prostate
Kidney
Hematologic cancer
Skin
Breast
Thyroid
Lung
Kaposi
Laryngeal
Cervical
Any type of cancer
BE cancer
Non-BE cancers
1

There were 9 patients with 2 lifetime cancers, and one with 3 cancer cases; 2One patient had a pre-study diagnosis of esophageal squamous cell carcinoma
(thus, not counted as BE related and not included in the outcome analysis for non-BE cancer free survival). BE: Barrett’s esophagus.

A

B

Most severe endoscopic result
HGD
Non-HGD

1.00

0.95
Survival probability

Survival probability

HGD
Non-HGD

1.00

0.95
0.90
0.85
0.80
0.75
0.70

Most severe endoscopic result

1

2

3

4

0.80
0.75
0.70

5

6

7

8

9

0.60

10

t /yr

C

0.85

0.65

Logrank test P = 0.0166
0

0.90

Logrank test P < 0.0001
0

1
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5
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7

8

9
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t /yr

Most severe endoscopic result
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Non-HGD

1.00
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0.70
0.65
0.60

Logrank test P = 0.3764
0
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t /yr

Figure 2 Kaplan Meier curves by high-grade dysplasia vs low grade or without dysplasia groups. A: Non-Barrett’s esophagus (BE) cancer free survival, n =
239; B: Any cancer (BE and non-BE cancers) free survival, n = 245; C: All-cause mortality, n = 245. BE: Barrett’s esophagus; HGD: High grade dysplasia; Non-HGD:
Low grade or without dysplasia.
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Table 3 Univariate and multivariable Cox regression for the prediction of non- Barrett’s esophagus cancers
n = 379 (excluding EAC and IMC)

HR (95%CI)

Adjusted HR (95%CI)

Age at study inclusion1
Gender - male
Number of endoscopies per patient
Presence of endoscopic abnormalities
Circumferential extent of BE (cm)
Maximal extent of BE (cm)
Ultra-short segment (BE < 1 cm)
Short segment (1 cm ≤ BE < 3 cm)
Long segment (BE ≥ 3 cm)
Pre-study cancer history
HGD vs non-HGD

1.11 (0.99-1.24)
2.19 (0.63-7.55)
0.82 (0.59-1.12)
1.19 (0.34-4.09)
0.99 (0.79-1.26)
1.06 (0.92-1.23)
1
0.96 (0.11-8.24)
0.99 (0.13-7.85)
2.58 (0.92-7.25)
3.40 (0.78-14.84)

1.07 (0.95-1.21)
0.72 (0.50-1.03)

2.12 (0.73-6.17)
8.32 (1.35-51.33)a

a

P < 0.05; 1For a 3-year increase. BE: Barrett’s esophagus; HGD: High grade dysplasia; Non-HGD: Low grade or without dysplasia; EAC: Esophageal
adenocarcinoma; IMC: Intramucosal carcinoma.

Table 4 Univariate and multivariable Cox regression for the prediction of any cancer
n = 386 (including EAC and IMC)
Age at study inclusion1
Gender - male
Number of endoscopies per patient
Presence of endoscopic abnormalities
Circumferential extent of BE (cm)
Maximal extent of BE (cm)
Ultra-short segment (BE < 1cm)
Short segment (1 cm ≤ BE < 3 cm)
Long segment (BE ≥ 3 cm)
Pre-study cancer history
HGD vs non-HGD

HR (95%CI)

Adjusted HR (95%CI)

1.09 (0.99-1.20)
2.29 (0.79-6.67)
1.11 (0.96-1.29)
2.27 (0.95-5.44)
1.10 (0.96-1.26)
1.12 (1.008-1.24)a
1
0.97 (0.11-8.30)
1.77 (0.23-13.34)
2.15 (0.86-5.39)
6.33 (2.37-16.91)b

1.08 (0.97-1.21)
0.99 (0.82-1.21)

1.13 (1.000-1.27)

4.28 (1.17-15.76)a

a

P < 0.05, bP < 0.01. 1For a 3-year increase. BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; IMC: Intramucosal carcinoma; HGD: High grade
dysplasia; Non-HGD: Low grade or without dysplasia.

Examining the secondary endpoints, we saw a
significant difference in the any-cancer free survival time
among patients with HGD and patients with non-HGD,
Figure 2B. Again, the worse outcome was in the HGD
group, log rank test P < 0.001 (n = 245). For all-cause
cancer, the 2-year and 10-year cancer free survival
were 86% and 64% in the HGD group compared to
98% and 93% at the non HGD group, respectively.
Occurrence of all-cause cancer was associated with
the maximal extent of the BE segment and HGD at the
univariate analysis, see Table 4. After adjusting for age,
number of endoscopies and pre-study cancer history,
HGD was independently associated with all-cause cancer
occurrence (Adj.HR = 4.28, 95%CI: 1.17-15.76, P =
0.029) whereas the maximal BE segment length was
borderline significant (Adj.HR = 1.13 95%CI: 1-1.27, P
= 0.050).
As BE cancer outcome was uncommon, we compared
it with the Fisher exact test and not by statistical
modeling. Among the 7 incident BE-cancer cases, 3
(42%) had HGD previously documented, while among
the other 379 BE patients, only 12 (3.2%) had HGD (RR
= 18.6, 95%CI: 4.6-75.6, P = 0.002)
There were 31 (8%) patients who died out of the
entire cohort during the study period. Two (22.2%) of
patients with IMC/EAC, 2 (16.7%), and 27 (7.0%) in
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the HGD and non-HGD groups respectively. KaplanMeier curve for mortality presented no association
between HGD and all-cause mortality, Figure 2C. Log
rank test P = 0.376 (n = 245). Cox regression analysis
maintained this conclusion, after adjusting for age,
cancer history and number of endoscopies for HGD (Adj.
HR = 3.19, 95%CI: 0.66-15.46, P = 0.149).
The Kaplan-Meier curves for cancer free survival
of the total cohort, including patients with a single
endoscopy are shown in the online supplementary
section, Supplementary Figure 1.

DISCUSSION
Our study reveals an association between BE with
HGD and cancer outcome which, to the best of our
knowledge, has not been reported before. Our main
finding is that BE patients with HGD had a significantly
higher risk of having non-BE cancer compared to
patients with lower grades of dysplasia. This association
was found in the group of patients who underwent more
than a single endoscopy, which decreases the chance of
dysplasia grade misclassification.
As expected, the known association between BE
with HGD and adenocarcinoma of the esophagus or
gastro-esophageal junction was also demonstrated
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in this study. Since this was an uncommon event, we
did not use survival analysis models to investigate
the association. We did not find HGD to be associated
with all-cause mortality compared to lower levels of
dysplasia.
The association between BE and extra-esophageal
cancers mortality has long been studied. Most studies
established increased cancer mortality risk in BE
compared to normal population, even after matching
[14,15,20-23]
for other risk factors
. In a large Danish registry
[14]
study , patients with BE had a 71% increased all-cause
mortality compared to matched controls, while the nonesophageal cancer mortality incidence rate was increased
by 77% (14.7 cases per 1000 patient years) and was
the leading cause for mortality. Moreover, patients with
HGD had higher non-esophageal cancer mortality rates
than patients with LGD or non-dysplastic BE: HR (95%CI)
were 2.47 (1.98-3.07), 1.62 (1.31-2.01), and 1.44
(1.34-1.56), respectively. However, statistical significance
of the difference between groups was not reported.
[11]
Wolf et al
looked at patients following radiofre
quency ablation, in a United States based registry. A
dose response effect for all-cause mortality to baseline
BE degree of dysplasia with HGD having an adjusted
odds ratio (95%CI) of 2.7 (1.7-4.4) vs 1.3 (0.7-2.2) for
LGD and 1.6 (0.8-3.3) for indefinite dysplasia compared
with non-dysplastic BE.
[13]
Solaymani-Dodaran et al showed increased cancer
specific mortality rates in patients with BE, but did not
stratify the population according to dysplasia grade.
The above data described mortality, and not mor
bidity. Due to the lack of data about non-BE cancer
morbidity we aimed to correlate it with BE degree of
dysplasia. Assuming patients with dysplastic BE have
higher mortality rate, our findings imply that the above
association may be related, at least in part, to increased
cancer incidence.
The role of gastro-esophageal reflux disease in BE is
clear, but what predisposes certain patients to develop
BE and neoplasia is still under debate. Studies have
[24,25]
linked various factors such as smoking
, abdominal
[26,27]
[28]
[29,30]
obesity
genetics , and nutrition
to BE and
dysplasia/EAC. Most of these factors are also associated
[31]
with other non-BE malignancies .
The molecular basis of BE and EAC has been studied
avidly, P53 and SMAD4 somatic mutations play a role
[32-35]
in dysplastic BE and EAC development
. P53 is also
a key player in many non-esophageal neoplasia, such
[36]
as colorectal cancer, prostate cancer, and melanoma .
SMAD4 somatic mutations are prevalent in pancreatic
[37]
cancer and colorectal cancer . This complex associ
ation of molecular and environmental factors with BE
dysplasia/neoplasia and other cancers may indicate
similar cancer pathways induced by similar exposures.
Our findings imply that HGD in BE may be a marker
of increased risk for cancer morbidity and therefore
may require extraesophageal surveillance and lifestyle
modification to prevent and decrease cancer risk.
As for now, it may be prudent to stringently perform
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routine cancer screening tests among patients with
BE and those with HGD in particular, according to age
and gender and to recommend adherence to cancer
protective lifestyle.
Given the low incidence of EAC mortality rates in
BE patients, the risk-benefit and cost effectiveness
of surveillance has been a matter of discussion, with
conflicting evidence concerning EAC and mortality pre
[9,38-40]
vention and cost effectiveness
. We show another
potential motivation for BE surveillance to better define
overall cancer risk.
Our study carries some limitations. Investigator
initiated studies done in teaching hospitals are prone to
referral bias and are also smaller in size than populationbased studies, limiting generalizability, and perhaps
overestimating associations. On the other hand, patients
with dysplasia are usually managed in a tertiary center.
We could not ascertain how long patients had BE
before study inclusion, which may have influenced the
outcomes. However, these estimates are approximate
at best, as BE itself may be asymptomatic and this
limitation is shared by other studies.
In our study, we adjusted for age and a past history
of cancer, but we were not able to adjust for other risk
factors such as lifestyle parameters. Our study did not
include a population with no BE as a control, but we
[14,15,20-23]
assume based on previous studies
, that cancer
rates are even lower in subjects with no BE. Death as
an outcome was determined in this study according to
ministry of health database, but cancer specific mortality
was not available and cannot be associated with cancer
morbidity. Our major limitation is the low statistical
power due to the small number of patients with HGD
and incident cancers, which reflects real life clinical data
of an uncommon condition. In addition, the majority
[41]
of patients were male, as prevalent in other studies .
Gender may act as a confounder when addressing
cancer morbidity (as with prostate and breast cancer).
Again, this reflects reality in many centers treating
patients with BE.
The advantages of our study include a prospective
comprehensive 6 year follow up of a relatively large
number of consecutive BE patients within a single
referral center, enabling a uniform data collection and
fully verified clinical, endoscopic and revised histologic
data.
In conclusion, in our cohort we found an endoscopic
and histologic profile comparable to other Western world
data. Non-BE related malignancies were more prevalent,
and significantly associated with HGD as well as BE
related malignancies in comparison with non HGD BE.
Our findings suggest BE patients with HGD may have a
significantly higher overall risk for cancer morbidity. This
may imply endoscopic surveillance for BE patients could
aid in prediction of all-cause cancer risk and encourage
current cancer prevention measures such as lifestyle
modification and appropriate cancer screening among
patients. Further characterization of cancer morbidity and
mortality profile among patients with BE should follow
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with large population-based studies.
2

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Patients with Barrett’s esophagus (BE) are at risk for esophageal adeno
carcinoma, and surveillance is recommended. However, non-esophageal
cancer is the leading cause of death in this population. This raises questions
about the focus we give to surveillance for esophageal cancer, and the need for
broader cancer surveillance.

3

Research motivation

We wanted to better describe the non-esophageal cancer morbidity in patients
with BE, and specifically in patients with high grade dysplasia (HGD). Finding
that patients with HGD carry a higher non-esophageal cancer risk can direct
efforts and resources for cancer prevention.

4

Research objectives

We aimed to describe the non-esophageal cancer morbidity in patients with
BE, and to test whether patients with HGD have a higher risk as compared
to low grade dysplasia. Indeed, in this study we have shown that compared
to non-HGD, patients with HGD have a lower all cancer and non-BE cancer
free survival. The significance of these findings is in the recognition of the
importance of total cancer surveillance in these patients. In addition, by
comparing non-esophageal cancer morbidity in HGD and less dysplastic BE,
we show the added value of information received in surveillance endoscopies.
These findings put the foundations for larger cohort studies, preferably multicenter for reaching a significant number of patients.

5

6

Research methods

7

Endoscopic and histologic data were collected, and cancer morbidity data were
retrieved from the national cancer registry. We compared non-esophageal
cancers, all cancers and mortality between patients with HGD and less
dysplastic BE. Cancer free survival analysis was done.

Research results

We found patients with HGD had a worse non-BE cancer free survival and all
cancer free survival. The higher frequency of non-esophageal cancer in patients
with HGD raises the question as to the reason for this association. Further
population based and mechanistic studies are required to further investigate
these reasons.

8

Research conclusions

Our study shows that HGD may act as a marker for all cause cancer outcome,
not just esophageal cancer. Perhaps it reflects a behavioral, environmental
and genetic inclination towards malignancy. After endoscopic treatment for the
dysplasia, we should focus our efforts to teach these patients about healthier
lifestyle, and modifiable cancer risk factors such as smoking cessation and
weight reduction. Perhaps in this population, screening for other malignancies
may hold a different cost-effective profile.

9

10

Research perspectives

11

Patients with BE and HGD have a higher non-esophageal cancer risk, on top of
esophageal cancer risk. This should be confirmed in more prospective studies
and population-based studies. This may shift the focus of esophageal based
surveillance to a more holistic cancer prevention program for certain patients.
Future research should include larger cohorts of patients from multiple centers,
with detailed endoscopic and histologic data as well as other cancer risk
factors including obesity measures and lifestyle behaviors as smoking, physical
activity and dietary intake to better encompass risk stratification and prevention
potential.

12
13
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Abstract
AIM
To evaluate the safety and efficacy of agitation
thrombolysis (AT) combined with catheter-directed
thrombolysis (CDT) for the treatment of non-cirrhotic
acute portal vein thrombosis (PVT).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.
Conflict-of-interest statement: All authors declare no conflictof interest related to this article.

METHODS
Nine patients with non-cirrhotic acute PVT who
underwent AT combined with CDT were analyzed
retrospectively. Portography was carried out via the
transjugular intrahepatic portosystemic (commonly
known as TIP) or percutaneous transhepatic (commonly
known as PT) route, followed by AT combined with CDT.
Complications of the procedure, and the changes in
clinical symptoms, hemodynamics of the portal vein and
liver function were recorded. Follow-up was scheduled at

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
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1, 3 and 6 mo after treatment, and every 6 mo thereafter,
or when the patients developed clinical symptoms related
to PVT. Color Doppler ultrasound and contrast-enhanced
computed tomography/magnetic resonance imaging
were performed during the follow-up period to determine
the condition of the portal vein.

incidence with a prevalence of approximately 1%, and
partial obstruction of the portal vein is often clinically
[1]
imperceptible . However, complete obstruction due
to acute thrombus can lead to a series of clinical
symptoms, such as abdominal pain, ascites, and even
intestinal necrosis. Common treatment options, including
anticoagulation or indirect thrombolysis, are useful for
relieving symptoms, but the outcome is unsatisfactory as
most patients developed cavernous transformation of the
[2,3]
portal vein due to incomplete recanalization . Catheterdirected thrombolysis (CDT) via the transjugular
intrahepatic portosystemic (TIP) or percutaneous
transhepatic (PT) route is a minimally invasive method,
which can dissolve the thrombus and relieve symptoms
[4]
rapidly with a lower dose of thrombolytics . In addition,
agitation thrombolysis (AT) can break the thrombus
into smaller fragments and accelerate the speed of
[5]
thrombolysis . The objective of this study was to
evaluate the safety and efficacy of AT combined with CDT
for the treatment of non-cirrhotic acute PVT.

RESULTS
AT combined with CDT was successfully performed.
The portal vein was reached via the TIP route in 6
patients, and via the PT route in 3 patients. All clinical
symptoms were relieved or disappeared, with the
exception of 1 patient who died of intestinal necrosis 9
d after treatment. Significant differences in the changes
in portal vein hemodynamics were observed, including
the maximum lumen occupancy of PVT, portal vein
pressure and flow velocity between pre- and posttreatment (P < 0.05). During the follow-up period,
recurrence was observed in 1 patient at 19 mo after
the procedure, and the portal vein was patent in the
remaining patients.
CONCLUSION
AT combined with CDT is a safe and effective method
for the treatment of non-cirrhotic acute PVT.

MATERIALS AND METHODS
Patients

The data from 9 patients with non-cirrhotic acute PVT
who underwent AT combined with CDT in our hospital
between September 2015 and December 2017 were
analyzed retrospectively. The patients consisted of 3
men and 6 women, with a mean age of 47.9 ± 10.6
years. All patients met the following eligibility criteria:
(1) the PVT was diagnosed definitively by color Doppler
ultrasound (CDUS) and enhanced-contrast computed
tomography (CT) or magnetic resonance imaging (MRI)
(Figures 1A and 2A); (2) absence of massive periportal
collaterals and features of liver cirrhosis in the imaging
findings; and (3) excluded malignant tumor. In addition,
the following information was collected for each patient
before treatment: clinical symptoms, days from onset
to operation, routine blood examination, liver function,
etiology, the maximum lumen occupancy of PVT and
the flow velocity of the portal vein measured by CDUS
(Table 1).

Key words: Agitation thrombolysis; Catheter-directed
thrombolysis; Portal vein thrombosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Agitation is a common phenomenon in daily
life, and can accelerate the rate of solute dissolution
in a solvent. As the thrombus is porous in the acute
stage, it can easily be broken into smaller fragments by
agitation, which increases the contact area between the
thrombus and thrombolytics, and increases the speed
of thrombus dissolution. According to our research,
agitation thrombolysis combined with catheter-directed
thrombolysis is a safe and effective method for the
treatment of non-cirrhotic acute portal vein thrombosis,
with a good short- to middle-term efficacy. However, the
long-term efficacy of agitation thrombolysis combined
with catheter-directed thrombolysis in a large population
requires further investigation.

Treatment

The procedures were performed under digital subtraction
angiographic guidance (Artis zeego; Siemens, Munich,
Germany). The choice of TIP or PT route depended on if
the patients had ascites.
The portal vein was reached via the TIP route in
6 patients with ascites. A Rosch-Uchida set (Cook,
Bloomington, IN, United States) was used to gain access
to the portal vein branch from the hepatic vein under
fluoroscopic guidance. When a 0.035-in hydrophilic
guidewire (Terumo, Tokyo, Japan) reached the superior
mesenteric vein or splenic vein in cooperation with a
Cobra catheter (Cook), a pigtail catheter (Cook) was
exchanged to perform portography (Figure 1B) and
measure the portal pressure. The Rosch-Uchida sheath

Wang CY, Wei LQ, Niu HZ, Gao WQ, Wang T, Chen SJ.
Agitation thrombolysis combined with catheter-directed
thrombolysis for the treatment of non-cirrhotic acute portal vein
thrombosis. World J Gastroenterol 2018; 24(39): 4482-4488
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i39/4482.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
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INTRODUCTION
Non-cirrhotic portal vein thrombosis (PVT) has a low
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Table 1 Characteristics of the included patients
Patient No.

Age (yr)

Sex

Etiology

Symptoms

Time from onset to
treatment (d)

1
2

29
39

M
F

Myelodysplastic syndromes
Protein S deficiency

4
11

3
4
5
6
7

43
48
40
53
61

M
F
F
M
F

Myelodysplastic syndromes
Protein C deficiency
Nephrotic syndrome
Protein S deficiency
Splenectomy after trauma

8
9

36
57

F
F

Myelodysplastic syndromes
Unknown

Abdominal pain, abdominal distension
Abdominal pain, abdominal distension,
vomiting
Abdominal pain, vomiting
Abdominal pain, abdominal distension
Abdominal pain, vomiting
Abdominal pain, diarrhea
Abdominal pain, abdominal distension,
vomiting
Abdominal pain, abdominal distension
Abdominal pain

14
5
8
2
10
5
16

F: Female; M: Male.

A

B

D

E

C

Figure 1 A 29-year-old man had acute abdominal pain and distension for 4 d. A and B: Contrast-enhanced computed tomography (CT) and portography
via the transjugular intrahepatic portosystemic route showed thrombus formation in the portal vein and superior mesenteric vein (arrow) with massive ascites; C:
Portography after agitation thrombolysis and catheter-directed thrombolysis showed that the filling defect in the portal vein had decreased; D: Contrast-enhanced
CT after surgery showed that the thrombus had disappeared completely; E: At 6 mo after treatment, color Doppler ultrasound showed smooth blood flow in the
portal vein (arrow).

was then introduced into the portal vein following
intrahepatic dilatation by a 6-mm balloon catheter
(Boston Scientific, Natick, MA, United States). A pigtail
catheter was inserted into the thrombus through the
sheath, and a guidewire with a helical tip molded
in vitro was advanced through the catheter (Figure
3). The guidewire and pigtail catheter were pushed
and drawn together, and then rotated clockwise and
anticlockwise alternatively, to agitate the thrombus into
5
smaller fragments. In addition, 2 × 10 IU urokinase
(Tianjin Biochemical Pharmaceutical Co., Ltd., Tianjin,

WJG|www.wjgnet.com

China) was injected through the catheter by intermittent
pulsatile delivery. The AT procedure was continued for
approximately 10 min. The Rosch-Uchida sheath was
then removed and the indwelling pigtail catheter was left
in the PVT.
The portal vein was reached via the PT route in 3
patients without ascites. After successful puncture of
a portal vein branch using a 22-gauge Chiba needle
(Cook), a 6F coaxial dilator (Cook) was inserted into
the portal vein. Then, a 5F sheath (Cook) and a pigtail
catheter were exchanged. AT was performed after
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A

B

D

C

E

Figure 2 A 57-year-old woman had acute abdominal pain for 16 d. A and B: Contrast-enhanced computed tomography (CT) and portography via the percutaneous
transhepatic route showed thrombus formation in the portal vein and superior mesenteric vein (arrow); C: Portography after agitation thrombolysis and catheterdirected thrombolysis showed that the filling defect in the portal vein had decreased; D: Contrast-enhanced CT after treatment showed that the thrombus had
disappeared completely; E: At 12 mo after treatment, color Doppler ultrasound showed smooth blood flow in the portal vein (arrow).

A

B

Figure 3 Pigtail catheter was inserted into the thrombus through the sheath, and a guidewire with a helical tip molded in vitro was advanced through the
catheter. A: A pigtail catheter, and a guidewire with a helical tip (arrow) through the catheter in vitro; B: The catheter and guidewire in the portal vein (arrow) during
agitation thrombolysis via the transjugular intrahepatic portosystemic route.

portography (Figure 2B), and the AT procedures were
similar to those carried out via the TIP route. The
indwelling pigtail catheter was left in the PVT.
Six hundred thousand IU of urokinase was infused
continuously via the pigtail catheter each day, unless
complications developed. In addition, 5000 IU of low
molecular weight heparin was injected twice a day, and
warfarin was administered after treatment at an initial
dose of 5 mg. The low molecular weight heparin was
discontinued when the international normalized ratio
was maintained at 2.0-3.0, and warfarin was continued

WJG|www.wjgnet.com

for at least 12 mo. Portography was repeated every 24
h, and termination of CDT was based on the patency
of the portal vein assessed by imaging and an obvious
improvement in clinical symptoms. The portal vein
pressure was measured again before the pigtail catheter
was removed.

Follow-up study

Follow-up was scheduled at 1, 3 and 6 mo after
treatment, and every 6 mo thereafter, or when the
patients developed clinical symptoms related to PVT.
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Table 2 Results of treatment and follow-up
Patient No.

Treatment route

Duration of CDT (d)

Dose of urokinase (×
6
10 IU)

Complications

Follow-up time (mo)
and results

1
2
3
4
5

TIP
PT
TIP
TIP
PT

2
2
1
3

1.0
1.4
0.8
2.0

27/patent
23/patent
Death
31/patent
5/patent

6
7
8
9

TIP
TIP
TIP
PT

4
1
1
3

2.6
0.8
0.8
2.0

Hematuresis
None
Death
None
Hemorrhage from the
puncture tract
Subcapsular hematoma
None
None
Hemorrhage from the
puncture tract

22/reappearance
9/patent
12/patent
18/patent

PT: Percutaneous transhepatic; TIP: Transjugular intrahepatic portosystemic.

Table 3 Changes in liver function and portal vein hemodynamics

Albumin, g/L
Alanine aminotransferase, U/L
Total bilirubin, sferase
Flow velocity of the portal vein, cm/s
Maximum lumen occupancy of PVT, %
Portal pressure, mmHg

Pre-treatment

Post-treatment

P value

34.9 min
38.2 inea
17.9 lbi
4.2 tal
78.2 occ
31.0 alp

36.7 min
33.6 inea
17.4 lbi
16.3 alv
14.1 occ
14.1 alp

0.872
0.934
0.991
< 0.05
< 0.01
< 0.05

PVT: Portal vein thrombosis.

Observations during follow-up mainly included clinical
symptoms, routine blood examination, liver function and
the condition of the portal vein evaluated by CDUS and
contrast-enhanced CT/MRI. The end of follow-up was
April 30, 2018.

post-treatment (P < 0.05). No significant differences
in the changes in liver function, such as alanine
aminotransferase, albumin and bilirubin were observed (P
> 0.05) (Table 3).

Complications

Statistical analysis

One patient developed subcapsular hemorrhage
during puncture of the portal vein via the TIP route
and experienced a rapid heartbeat. The patient’s vital
signs were stable after erythrocyte transfusion, and
CDT was started 3 d later. One patient via PT route had
hematuresis during CDT. These symptoms disappeared
when urokinase was discontinued (Table 2).

Data are shown as mean ± standard deviation (SD).
Paired Student’s t-test was used to determine statistically
significant differences between pre- and post-treatment
values. Significance was set at P < 0.05. Statistical
analysis was performed using SPSS (version 19.0; IBM,
Armonk, NY, United States) software.

Follow-up

RESULTS

The follow-up period ranged from 5 mo to 31 mo. During
this period, 1 patient who had been taking warfarin
for 12 mo had an irregular poor appetite at 19 months
after treatment, and contrast-enhanced CT showed
that cavernous transformation of the portal vein had
developed in the right portal vein. In the remaining
patients, the portal vein was patent and none of the
clinical symptoms related to PVT reappeared (Table
2). Liver function and routine blood examination were
normal in all patients during follow-up (Figures 1D and E,
2D and E).

Treatment outcome

AT combined with CDT was successful in all patients.
Immediate portography after AT showed greater blood
flow than pre-AT. One patient treated via the TIP route
underwent intestinal resection as a result of congestive
necrosis 5 d after the procedure; however, this patient
died 9 d later. In the remaining patients, CDT was
continued for 2.1 ± 1.1 d with a total dose of urokinase
6
of 0.8-2.6 × 10 IU (Table 2). All clinical symptoms
were relieved or disappeared, except in 1 patient
who continued to experience abdominal distension
after meals. There was a significant difference in the
maximum lumen occupancy of PVT (Figures 1C and 2C),
portal vein pressure and flow velocity between pre- and
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DISCUSSION
PVT is mostly seen in liver cirrhosis, with a prevalence
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[6]

ranging from 10% to 23% . Non-cirrhotic PVT rarely
occurs, with a prevalence of approximately 1%, and
has an intimate relationship with inherited or acquired
coagulation diseases, such as primary myeloprolife
rative disorders, Protein C/S deficiency, and abdominal
[7]
surgery . In addition to the etiology of PVT, it is
particularly important to distinguish acute PVT from
chronic PVT as the treatment is different. The American
Association for the Study of Liver Diseases (commonly
known as AASLD) describes acute PVT as the sudden
formation of thrombus in the portal vein, and chronic PVT
occurs when the obstructed portal vein is replaced by
[8]
periportal collaterals bypassing the PVT . However, the
time boundary is not mentioned. In our study, acute PVT
was diagnosed by clinical symptoms and the absence of
massive periportal collaterals on imaging.
For non-cirrhotic acute PVT with obvious symptoms,
the aim of treatment is recanalization of the obstructed
portal vein and the prevention of complications. Common
treatment methods including anticoagulation or indirect
thrombolysis can be useful for relieving symptoms and
recanalizing the portal vein. A meta-analysis involving
353 patients showed a significantly higher rate of
recanalization following anticoagulation compared with
the control group, which did not receive anticoagulation
[2]
(71% vs 42%; P < 0.01) . However, less than 20% of
the patients achieved complete recanalization, and the
others developed cavernous transformation of the portal
vein due to incomplete recanalization, which can lead to
chronic portal hypertension. Indirect thrombolysis via a
peripheral vein or the superior mesenteric artery is less
technically demanding, whereas the effect is limited as
the thrombolytics are diverted from the patent branches
[3]
or collaterals . In addition, a high dose of thrombolytics
may increase the risk of gastrointestinal hemorrhage.
CDT is an effective treatment for acute thrombus,
which can enhance the efficacy of thrombolytics at a
[4]
lower dose compared to indirect thrombolysis . CDT via
the PT route is relatively simple to perform, but it is not
suitable for patients with massive ascites as it may cause
hemorrhage through the PT tract during subsequent
anticoagulation or thrombolysis. In addition, patients
often felt pain when breathing as the indwelling catheter
traversed the hepatic capsule. CDT via the TIP route can
avoid these complications, but puncturing the portal vein
from the hepatic vein is more difficult than using the
[9]
PT route. Chen et al reported that direct portography
via the PT route, then a balloon catheter inflated with
contrast medium to 80% of its volume positioned at the
site of the bifurcation of the right and left portal veins
[10]
can improve the success rate. Wang et al
reported
the successful treatment of 12 patients with acute PVT
treated with aspiration combined with CDT via the TIP
route. The CDT time was 7.6 h. Eight patients achieved
complete recanalization and four patients had partial
recanalization, and AT combined with CDT was more
effective than anticoagulation or indirect thrombolysis.
Agitation is a common phenomenon in daily life,
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and can accelerate the rate of solute dissolution in a
[5]
solvent. AT was first reported by Ding et al following
the successful treatment of acute inferior vein thrombus
in Budd-Chiari syndrome, which showed a good long[11]
term efficacy , but has not yet been reported in the
treatment of PVT. As the thrombus is porous in the acute
stage, it can easily be broken into smaller fragments by
agitation, which increases the contact area between the
thrombus and thrombolytics, and increases the speed
of thrombus dissolution. The shape of the catheter tip is
important. In this study, the pigtail catheter was chosen
as an agitator, as it did not injure the vessel wall and
resulted in greater fragmentation of the thrombus during
rotation. In addition, a guidewire with a helical tip can
enhance the fracture resistance of the pigtail catheter,
and increase the range of agitation. Compared with other
methods, such as endovascular aspiration or mechanical
[12]
thrombectomy , AT is simpler and safer, with less blood
loss. In our study, all the patients had a smoother blood
flow after treatment than before treatment, and the
duration of CDT was shorter and the rate of recanalization
[10]
was higher than those reported by Wang et al .
There are some limitations in this study. Firstly,
the study was retrospective, with a limited number
of cases; therefore, the data may have been affected
by various potential biases. Secondly, puncture of the
portal vein is difficult to perform under fluoroscopic
guidance, and required extensive experience and a
good understanding of imaging data including contrastenhanced CT/MRI; thus, the treatment is restricted to
University Hospitals.
In conclusion, AT combined with CDT is a safe and
effective method for the treatment of non-cirrhotic
acute PVT, with a good short- to middle-term efficacy.
However, the long-term efficacy of AT combined with
CDT in a large population requires further investigation.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Non-cirrhotic portal vein thrombosis (PVT) has a low incidence, with a
prevalence of approximately 1%, and partial obstruction of the portal vein is
often clinically imperceptible. However, complete obstruction due to acute
thrombus can lead to a series of clinical symptoms, such as abdominal pain,
ascites, and even intestinal necrosis. Common treatment opinions including
anticoagulation or indirect thrombolysis are useful for relieving symptoms,
but the outcome is unsatisfactory as most patients develop into cavernous
transformation of the portal vein due to incomplete recanalization.

Research motivation

Catheter-directed thrombolysis (CDT) via the transjugular intrahepatic
portosystemic (commonly known as TIP) or percutaneous transhepatic (PT)
route is a minimally invasive method, which can dissolve the thrombus and
relieve symptoms rapidly with a lower dose of thrombolytics. In addition,
agitation thrombolysis (AT) can break the thrombus into smaller fragments and
accelerate the speed of thrombolysis.

Research objectives

The objective of this study was to evaluate the safety and efficacy of AT
combined with CDT for the treatment of non-cirrhotic acute PVT.
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Research methods

Nine patients with non-cirrhotic acute PVT who underwent AT combined with
CDT via TIP or percutaneous transhepatic route were analyzed retrospectively.
AT had not been reported for the treatment of PVT so far. The changes in
clinical symptoms, hemodynamics of the portal vein and liver function were
recorded and followed up to evaluate the safety and efficacy.

4
5

Research results

According to our research, AT combined with CDT is a safe and effective
method for the treatment of non-cirrhotic acute PVT, with a good short- to
middle-term efficacy. However, the long-term efficacy of AT combined with CDT
in a large population requires further investigation.

6

Research conclusions

7

Agitation is a common phenomenon in daily life, and can accelerate the rate of
solute dissolution in a solvent. AT was first reported for the treatment of acute
inferior vein thrombus in Budd-Chiari syndrome, which showed good long-term
efficacy, but has not yet been reported in the treatment of PVT. As the thrombus
is porous in the acute stage, it can easily be broken into smaller fragments
by agitation, which increases the contact area between the thrombus and
thrombolytics, and increases the speed of thrombus dissolution. Compared with
other methods, such as endovascular aspiration or mechanical thrombectomy,
AT is simpler and safer, with less blood loss.

8
9

Research perspectives

The shape of the catheter tip is important. In this study, the pigtail catheter
was chosen as an agitator, as it did not injure the vessel wall and resulted in
greater fragmentation of the thrombus during rotation. In addition, a guidewire
with a helical tip can enhance the fracture resistance of the pigtail catheter, and
increase the range of agitation. The future research we will focus on involves
the long-term efficacy of AT combined with CDT in a large population.

10

11
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Abstract

Institutional review board statement: This study was
reviewed and approved by the ethics committee of the Second
Hospital of Shandong University.

AIM
To evaluate the effectiveness and safety of combined
ursodeoxycholic acid and percutaneous transhepatic
balloon dilation for management of gallstones after
expulsion of common bile duct (CBD) stones.

Informed consent statement: All participants provided written
informed consent.
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METHODS
From April 2014 to May 2016, 15 consecutive patients
(6 men and 9 women) aged 45-86 (mean, 69.07 ±
9.91) years suffering from CBD stones associated with
gallstones were evaluated. Good gallbladder contrac
tion function was confirmed by type B ultrasonography.
Dilation of the CBD and cystic duct was detected.
Percutaneous transhepatic balloon dilation of the
papilla was performed, ursodeoxycholic acid was
administered, and all patients had a high-fat diet. All
subjects underwent repeated cholangiography, and
percutaneous transhepatic removal was carried out in
patients with secondary CBD stones originating from
the gallbladder.

wjgnet.com/1007-9327/full/v24/i39/4489.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i39.4489

INTRODUCTION
Bile duct stones are the major cause of benign biliary
[1]
diseases . Surgical exploration or endoscopic inter
vention can be managed successfully in most common
[2]
bile duct (CBD) stones . However, open surgery is
contraindicated in cases with severe comorbidities,
and endoscopic sphincterotomy (EST) for extraction of
CBD stones in patients with prior surgically modified
gastrointestinal tract may result in failure due to invi
[3]
sibility of the papilla of Vater . Hence, percutaneous
transhepatic intervention appears to be an alternative for
these patients. To prevent the recurrence of CBD stones
for patients with concomitant CBD stones and gallstones,
subsequent cholecystectomy is the first choice after
[4]
the elimination of CBD stones within 48 h . Herein, we
present our experience in percutaneous transhepatic
removal of stones for patients with CBD stones asso
ciated with gallstones via an innovative nonsurgical
treatment including percutaneous transhepatic balloon
dilation (PTBD) combined with oral ursodeoxycholic acid.
Moreover, this study aimed to assess the efficacy and
safety of this combined therapy.

RESULTS
All patients underwent percutaneous transhepatic
balloon dilation with a primary success rate of 100%.
The combined therapy was successful in 86.7% of
patients with concomitant CBD stones and gallstones.
No remaining stones were detected in the gallbladder.
Transient adverse events include abdominal pain (n =
1), abdominal distension (n = 1), and fever (n = 1).
Complications were treated successfully via nonsurgical
management without long-term complications. No
procedure-related mortality occurred.
CONCLUSION
For patients with concomitant CBD stones and gall
stones, after percutaneous transhepatic removal of
primary CBD stones, oral ursodeoxycholic acid and
a high-fat diet followed by percutaneous transhe
patic removal of secondary CBD stones appear to be
a feasible and effective option for management of
gallstones.

MATERIALS AND METHODS
This was a retrospective study to assess the efficacy
and safety of PTBD combined with ursodeoxycholic acid
for removal of CBD stones associated with gallstones.
The procedure was approved by the ethics committee of
our institution. Written informed consent was obtained
from all patients.

Key words: Common bile duct stones; Gallstones;
Percutaneous transhepatic removal; Ursodeoxycholic
acid

Patients

Fifteen consecutive patients (6 men and 9 women)
aged 45-86 (mean, 69.07 ± 9.91) years, diagnosed
with concomitant CBD stones and gallstones, admitted
to our institution from April 2014 to May 2016 were
evaluated.
Overall, 2-5 CBD stones and gallstones were detected
in 15 patients, with diameters ranging from 2 to 25 mm.
Eleven patients were confirmed to have concomitant
CBD stones and gallstones before procedure using type
B ultrasonography, enhanced computed tomography, or
magnetic resonance cholangiopancreatography (MRCP),
and the remaining 4 were detected by cholangiography
during the removal of CBD stones. All patients suffered
from fever, jaundice, abdominal discomfort, poor appetite,
or vomiting.
Ultrasonography, enhanced CT, MRCP, or cholang
iography were carried out to determine the diagnosis
of stones (Figure 1A and B). Pancreatitis was not
detected. For patients with poor condition, multiple

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Percutaneous transhepatic removal combined
with oral ursodeoxycholic acid and a high-fat diet
appears to be a feasible and safe alternative to surgery
or endoscopic procedure for elimination of gallstones,
especially for patients with good gallbladder contraction
function, diameter of gallstones no greater than 12
mm, and dilation of the cystic duct. It also provides an
alternative when operative management is not available
for patients in poor condition.
Chang HY, Wang CJ, Liu B, Wang YZ, Wang WJ, Wang W, Li
D, Li YL. Ursodeoxycholic acid combined with percutaneous
transhepatic balloon dilation for management of gallstones after
elimination of common bile duct stones. World J Gastroenterol
2018; 24(39): 4489-4498 Available from: URL: http://www.
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A

B

C

Figure 1 Computed tomography scan and cholangiography showing filling defect in the common bile duct and gallbladder (white arrow). Dilation of the
common bile duct and cystic duct was detected. A and B: Ultrasonography, enhanced computed tomography, magnetic resonance cholangiopancreatography, or
cholangiography was carried out to determine the diagnosis of stones; C: Advancing cholangiography was performed to detect the number, size, and location of
stones.

disciplinary consultations were carried out as preprocedure assessment.
Follow-up of patients included clinical assessment,
physical examination, laboratory test and imaging
evaluation for 1 year at a 3-mo interval. Technical
success was defined as complete absence of CBD stones.
The absence of symptoms was regarded as medical
success regardless of the presence or absence of residual
stones.

Holding Co., Ltd. China] was deployed in the CBD via
the transhepatic route. A 6F to 10F sheath [Terumo
(China) Holding Co., Ltd. China] was introduced into the
right hepatic duct according to the balloon size to dilate
the papilla of Vater. A Vert catheter (Cook Medical LLC,
Bloomington, IN, United States) was introduced into
the duodenum or jejunum. A stiff guidewire [260 cm
in length, Terumo (China) Holding Co., Ltd. China] was
passed through the catheter and papilla of Vater. An
angiographic catheter balloon was inserted through the
stiff guidewire and was placed across the papilla. The
diameter of the balloon varied from 12 mm to 24 mm
and its length was 40 mm or 60 mm depending on the
size of the stones (Figure 2). The papilla was inflated
gradually until the maximal pressure reached 6-8 atm.
Stone-crushing device such as a basket was used
in some cases with large stones. Larger balloon was
inserted to dilate the papilla in patients with primary
failure, and stone expulsion was performed repeatedly.
Intraoperative cholangiography was performed to
confirm residual stones in CBD. An 8.5F external
drainage tube (Biliary Drainage Catheter, Cook Medical
LLC, Bloomington, IN, United States) was deployed in
the CBD for postoperative drainage and assessment of
efficacy of the procedure (Figure 3).
Oral ursodeoxycholic acid (250 mg, Losan Pharma

Procedure

After pretreatment with antibiotics (levofloxacin or
cephalosporin), all patients were positioned under
intravenous sedation and fluoroscopic monitoring, and
a 21G Chiba needle (Neff Percutaneous Access Set,
Cook Medical LLC, Bloomington, IN, United States)
was used to puncture the right hepatic duct. The biliary
tree was shown by injecting a contrast agent via the
needle. A tiny guidewire (Wire Guide Diameter inch.
018, Cook Medical LLC, Bloomington, IN, United States)
was introduced into the biliary system, and a sheath
was inserted into the bile duct over the tiny guidewire.
Advancing cholangiography was performed to detect
the number, size, and location of stones (Figure 1C). A
hydrophilic guidewire [150 cm in length, Terumo (China)
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Table 1 Baseline characteristics of patients
No.

Gender /age

CBD/gallbladder
Number of stones

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

F/58
M/45
M/75
F/67
F/64
M/68
F/73
F/76
M/86
F/81
F/67
F/72
M/76
F/65
M/63

Diameter of the largest stone (mm) Diameter of the largest balloon (mm)

2/2
3/1
1/2
1/1
3/2
2/2
3/1
3/2
2/1
3/1
1/2
2/1
2/3
3/1
1/1

10/6
15/7
25/10
20/8
20/9
21/10
22/14
20/11
21/10
19/8
20/10
21/12
18/15
18/12
20/12

12/8
16/8
24/10
20/8
20/10
20/10
20/20/12
20/10
18/8
20/10
20/12
18/18/12
20/12

CBD: Common bile duct.

Table 2 shows that complete clearance of CBD stones
was obtained in one session for all patients. No plastic
or bare mental stent was inserted in any patients. All
patients were administered subsequently with oral
ursodeoxycholic acid after undergoing PTBD. Secondary
CBD stones originating in the gallbladder were detected
in 13 of these patients with concomitant CBD stones
and gallstones. The stones were eliminated in one
session in all these patients. Gallstones with reduced
size still existed in situ in the remaining two patients.
One patient with residual gallstones with symptoms
was transferred to department of general surgery for
laparoscopic cholecystectomy. One asymptomatic
patient was discharged. Intensive long-term follow-up
was essential for them. No further treatment except for
observation was carried out for this patient. No evidence
of retained CBD stones was detected in any patients.
The technical success rate was 86.7%, and the overall
medical successful rate was 93.3%.
Table 3 demonstrates the result of laboratory tests
pre and postintervention. Serum alanine transaminase
and total bilirubin (TBIL) levels became normal in
patients with jaundice after the procedure. White
blood cell (WBC) levels decreased significantly on day
14 postoperatively. However, there was no statistical
difference between preoperative and postoperative
values for hemoglobin and amylase.
Transient adverse effects including vomiting,
chills, fever, and abdominal distension were found in
a few patients after the procedure. They were cured
with analgesic and antiemetic argents. No severe
complications such as bile peritonitis, hemobilia, and
cholangitis occurred. TBIL and WBC values of one patient
9
complicated with fever were 63 µmol/L and 12.21 × 10 /L,
respectively, after the procedure. One patient suffered
from abdominal distention and decreased hemoglobin
levels from 122 g/L to 82 g/L. The WBC count increased
slightly for the patient complicated with abdominal

Figure 2 Dilatation of the sphincter of Oddi with a balloon catheter was
performed.

GmbH) was initiated in all patients after procedure. The
prescribed dose was 250 mg three times a day. After
7-10 d, repeated cholangiography via external drainage
catheter was performed, and balloon dilation of the
sphincter of Oddi and elimination of stones were carried
out in patients with secondary CBD stones (Figures
4 and 5). Intraoperative cholangiography confirmed
the absence of all stones and the external drainage
tube was left (Figure 6A). Furthermore, 3-5 d after the
procedure, cholangiography was performed again to
confirm no residual of stones, and the catheter was
retrieved (Figure 6B).

Statistics analysis

Data are reported as mean ± standard deviation.
Comparison of means was analyzed by the paired
t-test. All statistical analyses were performed using IBM
SPSS Statistics 24.0. P-values < 0.05 were defined as
statistical difference for all data.

RESULTS
Table 1 shows baseline characteristics of the patients.

WJG|www.wjgnet.com
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Table 2 Operative parameters
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Primary technical success

Secondary technical success

Adverse events

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

No
Fever
No
No
Abdominal distension
No
No
No
No
No
Abdominal pain
No
No
No
No

A

Treatment
Medication

Medication

Medication

B

Figure 3 Common bile duct stones were expelled into the duodenum through the dilated sphincter. A and B: An 8.5F external drainage tube was deployed in
the common bile duct for postoperative drainage and assessment of efficacy of the procedure.

detected.

DISCUSSION
Bile duct stones, one of the most common digestive
problems needing admission to hospital, are the major
cause of benign diseases of the biliary tract, such as
[1,5]
obstructive jaundice and cholangitis . It includes
intrahepatic and extrahepatic bile duct stones, CBD
stones and gallstones. CBD stones comprise primary
and secondary stones. Secondary stones from the
gallbladder and migrating into the ductal system are
different from primary stones that form in the biliary
tract. Primary stones may be the consequence of
bacterial infection and biliary stasis. The majority of
the secondary stones are cholesterol gallstones, while
[6]
primary stones are mainly pigment stones . Compared
to the Western population, primary stones are more
[7]
prevalent in Asia . The prevalence of CBD stones in
patients with symptomatic gallstones varies from 10%
[8]
to 20% . In this study, 15 patients with CBD stones
suffered from gallstones, of which 11 were confirmed
before the procedure, while 4 patients who underwent
PTBD had gallstones detected by cholangiography.

Figure 4 Ursodeoxycholic acid was given and repeated cholangiography
was performed. The secondary common bile duct stones originating from
the gallbladder (white arrow) and shrunk gallbladder were detected by
cholangiography.

pain. All complications were treated successfully via
nonsurgical management without remote complica
tions. Antibiotics (Ceftriaxone) and somatostatin were
injected until the symptoms vanished. No procedurerelated mortality occurred. During 1-year follow-up, no
obstruction of bile ducts or recurrence of symptoms was

WJG|www.wjgnet.com

4493

October 21, 2018|Volume 24|Issue 39|

Chang HY et al . PTBD for management of gallstones
Table 3 Laboratory tests pre and post-intervention

ALT (U/L)
TBIL (µmol/L)
Amylase (U/L)
WBC (× 109/L)
HGB (g/L)

Pre-intervention

2 wk after intervention

t

P value

98.93 ± 24.47
39.40 ± 7.76
80.73 ± 14.94
11.58 ± 1.45
122.93 ± 8.66

36.13 ± 8.99
21.47 ± 12.09
82.07 ± 17.77
7.65 ± 2.11
118.80 ± 13.39

10.41
6.52
0.34
5.90
1.52

< 0.001
< 0.001
0.741
< 0.001
0.150

ALT: Alanine transaminase; HGB: Hemoglobin; TBIL: Total bilirubin; WBC: White blood cell.

A

B

Figure 5 Secondary common bile duct stones (white arrow) were expulsed into the duodenum without gallstone residual. A and B: After 7-10 d, repeated
cholangiography via external drainage catheter was performed, and balloon dilation of the sphincter of Oddi and elimination of stones were carried out in patients with
secondary common bile duct stones.

A

B

Figure 6 Computed tomography and postoperative cholangiography demonstrating that there was no residual of common bile duct stones or gallstones. A:
Intraoperative cholangiography confirmed the absence of all stones and external drainage tube was left; B: Furthermore, 3-5 d after the procedure, cholangiography
was performed again with no residual of stones, and the catheter was retrieved.

Many people are hospitalized for acute pancreatitis
due to CBD stones that occlude the ampulla. In addition,
bile duct obstruction caused by stones result in septic
cholangitis. Chronic occlusion could induce secondary
biliary cirrhosis. All types of CBD stones should be cured
aggressively. Many management options, including
open surgery, laparoscopic surgery, endoscopic and
percutaneous procedure, are available for removal of
[1,2,9-11]
CBD stones
. Abdominal exploration with incision
of the CBD and stone removal was the predominant
choice a few decades ago. With technological advances
and improvement of skills, various alternatives could
be employed in the extraction of bile duct stones.

WJG|www.wjgnet.com

However, open surgery still retains its important role
in the management of complicated stone disease.
Laparoscopic procedure has comparable morbidity and
mortality rates to open surgery. Hence, both open and
laparoscopic surgery should be considered in cases
unsuitable to be treated by nonsurgical options.
Endoscopic retrograde cholangiopancreatography
[12]
(ERCP) was first introduced in 1968 . It was accepted
quickly as a feasible diagnostic and therapeutic technique
[13,14]
for CBD stones
. In the 1990s, EST was considered a
feasible alternative for patients with serious comorbidity
[15,16]
contraindicated to open surgery
. It appears to be
a better choice for elder patients with benign biliary
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tract diseases. CBD stones could be eliminated by
[17]
ERCP via sphincterotomy or balloon dilation . For
patients requiring maintenance of papillary function,
balloon dilation may be an effective and safe alternative
[18-20]
to EST in the management of bile duct stones
.
However, open surgery is superior to ERCP for clearance
of CBD stones. Compared to open surgery, ERCP
necessitates increased number of procedures for each
[2]
patient . Complications of ERCP with sphincterotomy
include hemorrhage, papillary stenosis, pancreatitis,
[21]
duodenal perforation, and recurrent stones , and the
[22]
complication rate ranges from 0.5%-5.4% .
In the past decades, percutaneous intervention has
been reported as an effective alternative to open or
laparoscopic surgery and endoscopic intervention for
[9,23,24]
elimination of CBD stones
. Several reports indicated
that transhepatic balloon dilation of papilla could be an
[23-25]
alternative to extraction of biliary stones
. Numerous
devices, such as Dormia basket, occlusive, or cutting
balloon, were introduced to improve the success rate
[25-27]
of the technique
. The technique success rate
[28,29]
varies from 94.7% to 100%
. Papillary dilation
was performed using balloons with a diameter ranging
[9,28,30]
from 8 mm to 20 mm
. Transient adverse events,
including nausea, vomiting, and abdominal pain, were
observed in some cases which resolved with medication
composed with analgesic and antiemetic drugs. A study
by Nevzat Ozcan revealed 18 complications, including
cholangitis (2.7%), subcapsular biloma (1.5%),
subcapsular hemotoma (0.38%), subcapsular abscess
(0.38%), bile peritonitis (0.38%), duodenal perforation
[9]
(0.38%), and CBD perforation (0.38%) . Only 2 of 38
main complications were observed by Santiago Gil with
complete expulsion of stones in 36 of the 38 patients.
[29]
No procedure-related deaths occurred . Although a
few cases were reported, ERCP for patients with prior
[26,31,32]
Billroth II gastrectomy may be challenging
. EST
for extraction of CBD stones may lead to failure, even in
[33]
experienced surgeons . For these cases, percutaneous
transhepatic intervention appears to be an available and
[34]
safe management for expulsion of stones .
Several other methods for percutaneous expulsion
of stones to the duodenum were reported. Extraction
from the T-tube or existing gallbladder drain for access
has been published as an effective percutaneous
[30,35]
technique for stone expulsion
. A novel technique of
combined percutaneous transhepatic and endoscopic
or laparoscopic approach also acts an important role in
[36-38]
patients unsuitable to be treated with routine ERCP
.
Gallstones with a higher prevalence in adults may
occur in all societies and races. Its increasing prevalence
associates with age in both sexes, and women are
[6]
involved more commonly than men . Gallstones are
composed of cholesterol, calcium bilirubinate, protein,
lipid, and less water. Occlusion of the gallbladder duct
can cause abdominal pain, chills, fever, and jaundice.
Treatment is indicated in patients with symptomatic
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gallstones. Cholecystectomy is the most effective
[39]
procedure for symptomatic patients . Laparoscopic,
small-incision, or open cholecystectomy could be a
feasible treatment in the management of gallstones.
These three techniques can resolve symptoms caused
by gallstones. No statistically significant differences in
the outcome have been found. Although laparoscopic
cholecystectomy is the most popular method, smallincision cholecystectomy has shorter operative
[40]
time and appears to be less costly . However, the
increased incidence of colon cancer is associated with
[41]
cholecystectomy . Several nonsurgical treatments
have been developed for treatment of gallstones with
recurrence. Percutaneous cholecytostomy serves a role
with few complications in management acute calculous
[42,43]
cholecystitis
. Medical treatment also plays an
important role in management of gallstones. Gallstone
dissolution may be achieved by oral administration of
ursodeoxycholic acid which decreases biliary cholesterol
secretion, increases solubility of cholesterol by formation
of liquid crystals, and reduces intestinal cholesterol
[39]
absorption .
To prevent the recurrence of stones, for CBD stones
associated with gallstones, subsequent cholecystectomy
is the first choice after the elimination of the CBD stones
[4]
within 48 h . Patients with suspected or proven CBD
stones undergoing cholecystectomy can anticipate
benefit from the perioperative management of CBD
[11]
stones . Nowadays, several procedures depending
on the experience of surgeons are available for
treatment of combined cholecystocholedocholithiasis,
such as laparoscopic treatment, simultaneous laparo
endoscopic treatment, and combined ERCP and EST
[44]
with cholecystectomy . Concurrent transhepatic per
cutaneous balloon dilation combined with laparoscopic
cholecystectomy is introduced for treatment of gallstones
[38]
associated with CBD stones . Fifteen patients with
concomitant CBD stones and gallstones were enrolled
in our study, and the primary technical success rate was
100%. Subsequently, PTBD was performed repeatedly to
expel secondary CBD stones originating in the gallbladder.
Immediate complications including bile peritonitis,
bile pleura effusion, hemobilia, acute pancreatitis, and
duodenum perforation, were not observed in our study.
All slight complications were treated successfully via
nonsurgical management.
In our series, 15 patients with CBD stones and
gallstones were enrolled and 13 of them were treated
successfully via an innovative technique. For these
patients, the strategy of treatment was as follows:
First, routine PTBD was performed to eliminate the CBD
stones without any difficulties. Then, all patients with
good gallbladder contraction function were confirmed.
Second, ursodeoxycholic acid, a kind of oral dissolution
agent, was administered to patients with 250 mg for
three times per day. A high-fat diet was initiated similar
to that in gallbladder contraction test. Third, repeated
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cholangiography was performed 7-10 d later, and 13
cases showed secondary CBD stones originating in the
gallbladder retaining in the CBD. Gallstones with reduced
size still existed in situ in the remaining two patients.
For patients with secondary CBD stones, subsequently
PTBD was carried out repeatedly with great care, and
the stones were expulsed into the duodenum. One
asymptomatic patient with reduced gallstones was
discharged directly with intending long-term followup. The remaining patient underwent cholecystectomy.
Three to five days later, cholangiography demonstrated
no residual stones in all patients with secondary CBD
stones, and the drainage tubes were removed.
In conclusion, PTBD is an option for patients with CBD
stones. Percutaneous transhepatic removal combined
with oral ursodeoxycholic acid and a high-fat diet
appears to be a feasible and safe alternative to surgery
or endoscopic procedure for elimination of gallstones,
especially for patients with good gallbladder contraction
function, diameter of gallstones no greater than 12
mm, and dilation of the cystic duct. It also provides an
alternative when operative management is not available
for patients in poor condition.

Research conclusions

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

2

The present study showed that ursodeoxycholic acid combined with
percutaneous transhepatic balloon dilation was secure and feasible for
management of gallstones after elimination of CBD stones, especially for
patients with good gallbladder contraction function, diameter of gallstone
no greater than 12 mm, and dilation of the cystic duct. It also provides an
alternative when operative management is not available for patients in poor
condition.

Research perspectives

In case of therapeutic failure, good gallbladder contraction function or dilation
of the cystic duct was not observed. However, the diameters of stones in failed
cases were much greater than those of successful cases. This novel technique
provides a feasible option for patients with concomitant gallstones and CBD
stones. Prospective studies are needed for further confirmation.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Second Affiliated Hospital of Xi’an Jiaotong
University Institutional Review Board.

AIM
To analyse the postoperative survival of patients with
portal hypertension and determine the factors that
influence survival and construct nomograms.

Informed consent statement: The requirement for written
informed patient consent was waived due to the retrospective
and anonymous nature of this study; all data were used only for
statistical analysis.

METHODS
We retrospectively followed 1045 patients who under
went splenectomy plus pericardial devascularisation
(SPD) between January 2002 and December 2017. Two
SPD types are used in our department: splenectomy
plus simplified pericardial devascularisation (SSPD) and
splenectomy plus traditional pericardial devascularisation
(STPD). The Kaplan-Meier method and Cox regression
analysis were used to evaluate the prognostic effects of
multiple parameters on overall survival (OS), diseasespecific survival (DSS) and bleeding-free survival (BFS).
Significant prognostic factors were combined to build nomo
grams to predict the survival rate of individual patients.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS
Five hundred and fifty-seven (53.30%) patients were
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successfully followed with 192 in the SSPD group and
365 in the STPD group; 93 (16.70%) patients died, of
whom 42 (7.54%) died due to bleeding. Postoperative
bleeding was observed in 84 (15.10%) patients. The
5- and 10-year OS, DSS and BFS rates in the group
of patients who underwent SSPD were not signifi
cantly different from those in patients who underwent
STPD. Independent prognostic factors for OS were
age, operative time, alanine transaminase level and
albumin-bilirubin score. Independent prognostic factors
for BFS were male sex, age, intraoperative blood loss
and time to first flatus. Independent prognostic factors
for DSS were the Comprehensive Complication Index
and age. These characteristics were used to establish
nomograms, which showed good accuracy in predicting
1-, 3- and 5-year OS and BFS.

INTRODUCTION
Portal hypertension (PH) is mainly caused by cirrhosis,
of which most cases are posthepatitic cirrhosis in China
and alcoholic cirrhosis in Western countries. Its clinical
manifestations are splenomegaly and hypersplenism,
and eventually oesophageal and gastric varices. The
most important complication of PH is acute variceal
bleeding, with a high mortality rate of more than
50%. And there is also a high risk of re-bleeding in
[1,2]
surviving cases . Due to a difference in aetiology, the
therapy of PH is different. Shunts are the main method
in the West. However, in oriental countries, such as
China, where patients who develop PH after hepatitis
cirrhosis have poor liver function, treatment mainly
involves devascularisation. Splenectomy plus pericardial
devascularisation (SPD) is the main operative method
[3,4]
used to prevent and treat PH . This operation does
not reduce portal vein blood flow to the liver, does not
damage liver function, can dislodge hypersplenism,
and can effectively reduce the incidence of hepatic
encephalopathy. However, splenectomy plus traditional
pericardial devascularisation (STPD) is difficult and
complicated, which will still cause greater tissue damage
and increase the operative time, thereby increasing the
damage of the liver and kidneys. By simplifying STPD,
we put forward splenectomy plus simplified pericardial
devascularisation (SSPD). The short-term curative effect
of SSPD has been verified, but its effects on long-term
[5,6]
survival are not clear .
Patients with PH still face high risks of re-bleeding
and death after SPD. Therefore, the best postoperative
treatment must be identified to improve the prognosis
of these patients, and a determination of the parameters
impacting survival by examining factors related to the
disease course in patients with PH is useful. Moreover,
the identification of prognostic factors in patients with PH
is important for estimating outcomes and determining
the appropriate treatments. Nomograms have been used
to integrate a variety of prognostic factors, quantify the
impact of different factors on survival and visualise the
results to predict the survival rate of individual patients.
Nomograms have been widely used to assess patient
[7-9]
prognosis .
In the present study, 1045 patients with PH who
underwent SPD were followed retrospectively to explore
the long-term survival effect of SSPD and the prognostic
factors for patients with PH, as well as construct a
survival nomogram to predict the overall survival rate of
patients with PH.

CONCLUSION
SSPD achieves or surpasses the long-term survival effect
of traditional pericardial devascularisation and is worthy
of clinical promotion and application. Nomograms are
effective at predicting prognosis.
Key words: Nomogram; Portal hypertension; Pericardial
devascularisation; Survival analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mortality and re-bleeding rate are still
extremely high among patients with portal hypertension
after splenectomy plus pericardial devascularisation. This
study aimed to analyse the postoperative survival, identify
risk factors, construct nomograms, and explore the
clinical effect of splenectomy plus simplified pericardial
devascularisation (SSPD). Five hundred and fifty-seven
(53.30%) patients were successfully followed, and the
results suggested that the 5- and 10-year overall survival,
disease-specific survival and bleeding-free survival
rates were not significantly different between patients
who underwent SSPD and patients who underwent
splenectomy plus traditional pericardial devascularisation.
Age, operative time, alanine transaminase level and
albumin-bilirubin score were independent prognos
tic factors influencing overall survival. Male sex, age,
intraoperative blood loss and time to first flatus were
independent prognostic factors influencing bleeding-free
survival. Comprehensive Complication Index and age
were independent prognostic factors influencing diseasespecific survival.
Zhang YF, Ji H, Lu HW, Lu L, Wang L, Wang JL, Li YM.
Postoperative survival analysis and prognostic nomogram model
for patients with portal hypertension. World J Gastroenterol
2018; 24(39): 4499-4509 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i39/4499.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i39.4499
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MATERIALS AND METHODS
Study subjects

Patients with PH presenting with oesophagogastric
varices and hypersplenism who were treated in our
department from January 2002 to February 2017 were

4500

October 21, 2018|Volume 24|Issue 39|

Zhang YF et al . Postoperative survival and nomogram for PH
screened for this single-centre retrospective cohort study.
Two SPD types are used in our department: SSPD and
STPD. The surgical details are described in a previous
[5,6]
publication . The inclusion criteria were: (1) patients
with PH who were diagnosed with oesophagogastric
varices and hypersplenism based on clinical symptoms
combined with laboratory, digestive endoscopy or image
examinations; (2) patients with PH classified as grade
A or B according to the Child-Pugh grading criteria or
Child-Pugh grade C at admission and assigned a reduced
classification to preoperative Child-Pugh grade A or B
after liver preservation therapy to attain appropriate
surgical indications; and (3) patients who were able
to tolerate general anaesthesia and had no surgical
contraindications. The exclusion criteria were: (1) patients
with hepatocellular carcinoma, acute heart failure, shock,
or other vital organ diseases; (2) patients in an acute
haemorrhagic state with unstable vital signs; and (3)
patients with poor heart, lung, liver or kidney function.
This research was approved by the Ethical Committee of
the Second Affiliated Hospital of Xi’an Jiaotong University.
All procedures were conducted in accordance with the
Declaration of Helsinki from the World Medical Association
and with the ethical standards of the committees
responsible for human experimentation (institutional
and national). The requirement for written informed
patient consent was waived due to the retrospective and
anonymous nature of this study; all data were used only
for statistical analysis.

follows: ALBI score = 0.66 × log10 [total bilirubin (μmol/L)]
[10]
- 0.085 × [albumin (g/L)] . The CP score included five
parameters: presence or absence of encephalopathy
and ascites, serum total bilirubin level, albumin level and
[13]
prothrombin time . The MELD score was calculated
using the following formula: 11.2 × ln (international
normalised ratio) + 9.57 × ln (creatinine, mg/dL) +
3.78 × ln (bilirubin, mg/dL) + 6.43 × (aetiology: 0 if
[14]
cholestatic or alcoholic, 1 otherwise) . Complications
that occurred within 30 d after the operation were
considered surgical complications and the severity of all
complications was graded using the Centers for Disease
[15]
Control (CDC) criteria . The CCI was calculated as the
severity-weighted sum of all postoperative complications
(available at http://www.assessurgery.com). The
CCI ranges from 0 (no complications) to 100 points
[16-18]
(death)
.

Follow-up and survival endpoints

All included patients underwent routine follow-up
examinations. Follow-up methods were mainly telephone
calls or inpatient or outpatient re-examinations, and the
last follow-up occurred on January 31, 2018. One of our
primary endpoints of interest was overall survival (OS),
which was defined as the time from surgery to death
from any cause. In the analysis of OS, patients who were
alive at the last follow-up date were counted as censored
observations. The other primary endpoint of interest was
disease-specific survival (DSS), which was defined as
the time from surgery to death attributed to PH. In the
DSS analysis, patients who died of other causes or were
alive at the last follow-up date were counted as censored
observations. Another primary endpoint was bleedingfree survival (BFS), which was defined as the time from
surgery to the first appearance of initial oesophagogastric
variceal bleeding. In the BFS analysis, patients who
died of other causes or were alive at the last follow-up
date were counted as censored observations. Univariate
and multivariate Cox regression models were used to
determine survival-related factors. Factors that were
observed to have significant associations with survival in
multivariate analyses (P < 0.05) were used to build the
nomograms for OS and BFS.

Data collection

Survival and postoperative bleeding conditions of the
patients were monitored and recorded. The following
primary data were collected: age, gender, aetiology,
Charlson score, blood type, history of variceal ligation,
history of abdominal surgery, smoking, drinking, history
of variceal bleeding, body mass index (BMI), Child-Pugh
score at admission, model for end-stage liver disease
(MELD) score at admission, albumin-bilirubin (ALBI)
score at admission, and Comprehensive Complication
Index (CCI) score. The following laboratory data were
collected at admission and during the perioperative
period: White blood cell (WBC) count, haemoglobin (Hb)
level, platelet count, prothrombin time (PT), international
normalised ratio (INR), total bilirubin (TBIL) level, direct
bilirubin (DBIL) level, alanine transaminase (ALT) level,
aspartate transaminase (AST) level, albumin (ALB) level,
globulin (GLB) level, serum creatinine (Scr) level, cystatin
C (Cys C) level, duration of the preoperative hospital stay,
duration of the postoperative hospital stay, total hospital
stay, operative time, intraoperative blood loss, time to
first flatus, and type of surgery. Information about the
therapies used to correct a specific complication was also
collected to calculate the CCI.

Statistical analysis

Statistical analyses were performed using IBM SPSS
statistics 22 software (SPSS Inc., Chicago, IL, United
States) and R version 3.2.2 software (Institute for
Statistics and Mathematics, Vienna, Austria; http://www.
r-project.org/). Continuous variables are presented as
means ± SD, and categorical variables are presented
as frequencies and percentages. Survival curves were
generated using the Kaplan-Meier method, and the
significance of difference in survival among selected
variables was verified using the log-rank test. A
univariate Cox regression analysis with an Enter method
was used to estimate the relative risk (RR). A multivariate
Cox regression analysis with a Forward Condition method

Calculation of CCI and ALBI, CP and MELD scores

The ALBI, CP, and MELD scores were calculated using the
[10-12]
relevant formulas
. The ALBI score was calculated as
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Figure 1 Kaplan-Meier survival curves for overall survival, disease-specific survival and bleeding-free survival. A: Kaplan-Meier survival curves for OS, DSS
and BFS; B: Kaplan-Meier survival curves for OS stratified by the type of operation; C: Kaplan-Meier survival curves for DSS stratified by the type of operation. D:
Kaplan-Meier survival curves for BFS stratified by the type of operation. OS: Overall survival; DSS: Disease-specific survival; BFS: Bleeding-free survival.

was used to estimate the RR and identify independent
prognostic factors. The “rms” R library (cran.r-project.
org/web/packages/ rms) was used to construct nomo
gram models. All P-values were two-sided, and P < 0.05
was considered statistically significant.

rate was 81.3% and the 10-year OS rate was 59.7%.
The 5-year DSS rate was 87.3% and 10-year DSS
rate was 71.0%. The 5-year BFS rate was 81.6% and
10-year BFS rate was 66.3%. Figure 1B shows the
Kaplan-Meier survival curves for OS stratified by the
type of operation. For the STPD group, the 5-year OS
rate was 80.7% and 10-year OS rate was 58.4%. For
the SSPD group, the 5-year OS rate was 82.5% and
10-year OS rate was 63.2%. The 5-year and 10-year
OS rates in the SSPD group were higher than those in
the STPD group, but the P-value of the log-rank analysis
was 0.24 (P > 0.05), indicating that the difference was
not statistically significant. Figure 1C shows the KaplanMeier survival curves for DSS stratified by the type of
operation. For the STPD group, the 5-year DSS rate was
86.6% and 10-year DSS rate was 71.0%. For the SSPD
group, the 5-year DSS rate was 88.7% and 10-year
DSS rate was 73.6%. The 5-year and 10-year DSS
rates in the SSPD group were higher than those in the
STPD group, but the P-value of the log-rank analysis
was 0.21 (P > 0.05), indicating that the difference
was not statistically significant. Figure 1D shows the
Kaplan-Meier survival curves for BFS stratified by the
type of operation. For the STPD group, the 5-year BFS
rate was 81.1% and 10-year BFS rate was 67.4%. The
5-year and 10-year BFS rates in the SSPD group were
82.6% and 66.9%, respectively. The P-value of the log-

RESULTS
Follow-up

Five hundred and fifty-seven (53.30%) patients were
successfully followed, with 192 (34.47%) in the SSPD
group and 283 (50.81%) males. These included 48
patients who had been followed in 2011 and were alive
[5,6]
at that time . However, we were unable to reach
these 48 patients now because of a change of contact
or address, so we used this data as a censored data.
The mean age of the patients was 48.79 ± 11.53 years.
Ninety-three (16.70%) patients died, of whom 42
(7.54%), 21 (3.77%), 18 (3.23%) and 12 (2.15%) died
of bleeding, liver failure, liver cancer, and cardiovascular
and circulatory diseases, respectively. Postoperative
bleeding was observed in 84 (15.10%) patients, and
the bleeding mortality rate was 50.00%.

Kaplan-Meier survival curves for OS, DSS and BFS

Figure 1 shows the Kaplan-Meier survival curves for the
OS, DSS and BFS of patients with PH. The 5-year OS
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Table 1 Patient demographics, laboratory information and perioperative characteristics (n = 319) n (%)
Parameter
Age (yr)
Gender (male)
Aetiology: Hepatitis B/hepatitis C/others
Charlson score: 0/1/2/3/≥ 3
Blood type: A/B/O/AB
History of variceal ligation
History of abdominal surgery
Smoking
Drinking
History of variceal bleeding
BMI
Child-Pugh score
MELD score
ALBI score
CCI score
WBC count (109/L)
Hb (g/L)
Platelet count (109/L)
PT (s)
INR
TBIL (mmol/L)
DBIL (mmol/L)
ALT (IU/L)
AST (IU/L)
ALB (g/L)
GLB (g/L)
Scr (mmol/L)
Cys C (mg/L)
Duration of preoperative hospital stay (d)
Duration of postoperative hospital stay (d)
Total hospital stay (d)
Operative time, min
Intraoperative blood loss (mL)
Time to first flatus (d)

STPD (n = 200)

SSPD (n = 119)

P value

49.79 ± 11.14
93 (46.50)
131 (65.50)/23 (11.50)/46 (23.00)
105 (52.50)/54 (27.00)/21 (10.50)/ 20 (10.00)
57 (28.50)/62 (31.00)/59 (29.50)/22 (11.00)
27 (13.50)
35(17.50)
57 (28.50)
38 (19.00)
105 (52.50)
21.97 ± 3.04
6.56 ± 1.27
5.92 ± 0.40
-2.26 ± 0.50
18.64 ± 11.78
2.79 ± 1.78
93.35 ± 24.77
49.32 ± 28.63
13.85 ± 1.96
1.19 ± 0.18
27.24 ± 16.22
11.87 ± 7.67
35.79 ± 55.76
43.72 ± 52.72
37.24 ± 5.50
28.36 ± 5.90
62.44 ± 18.02
1.12 ± 0.32
14.56 ± 9.43
15.75 ± 6.46
30.61 ± 12.20
139.76 ± 50.73
869.51 ± 692.77
4.69 ± 1.70

48.92 ± 10.09
54 (45.38)
88 (73.95)/17 (14.29)/14 (11.76)
62 (52.10)/42 (35.29)/12 (10.08)/3 (2.52)
36 (30.25)/33 (27.73)/36 (30.25)/14 (11.76)
9 (7.56)
21(17.65)
28 (23.53)
25 (21.01)
43 (36.13)
21.62 ± 2.54
6.92 ± 1.29
5.97 ± 0.47
-2.10 ± 0.54
17.53 ± 9.53
2.40 ± 1.38
94.74 ± 25.82
43.28 ± 21.20
14.29 ± 1.82
1.32 ± 1.10
29.37 ± 16.81
12.33 ± 6.87
38.20 ± 31.58
44.55 ± 33.76
35.61 ± 5.66
29.03 ± 5.91
58.71 ± 13.68
1.11 ± 0.25
16.08 ± 9.29
14.97 ± 5.30
31.77 ± 11.75
124.55 ± 42.49
591.34 ± 477.54
3.67 ± 1.18

0.49
0.85
0.04
0.06
0.94
0.11
0.97
0.33
0.66
0.01
0.29
0.02
0.32
0.01
0.38
0.04
0.63
0.05
0.04
0.10
0.26
0.59
0.67
0.88
0.01
0.32
0.05
0.71
0.16
0.27
0.40
0.00
0.00
0.00

BMI: Body mass index; MELD: Model for end-stage liver disease; ALBI: Albumin-bilirubin; CCI: Comprehensive Complication Index; WBC: White blood
cell; Hb: Haemoglobin; PT: Prothrombin time; INR: International normalised ratio; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine transaminase;
AST: Aspartate transaminase; ALB: Albumin; GLB: Globulin; Scr: Serum creatinine; Cys C: Cystatin C; SSPD: Splenectomy plus simplified pericardial
devascularisation.

A multivariate Cox regression analysis was used to
further explore the influences of all variables that were
significant in the univariate analysis. The multivariate
analyses of OS showed that age, operative time, ALT
levels and ALBI score were independent positive risk
factors (P < 0.05); CCI and age were independent
prognostic factors influencing DSS (P < 0.05), and male
sex, age, intraoperative blood loss and time to first
flatus were independent positive risk factors (P < 0.05)
(Table 3).

rank analysis was 0.39 (P > 0.05), indicating that the
difference was not statistically significant.

Independent prognostic factors for OS, DSS and BFS

In the follow-up analysis, we selected 319 patients
with complete data to perform Cox regression analyses
and to explore the prognostic factors for OS. Table 1
shows the demographics, laboratory information and
perioperative characteristics of patients with PH.
As shown in Table 2, CCI; age; operative time;
intraoperative blood loss; WBC, Hb, ALT, AST, and ALB
levels; and Child-Pugh and ALBI scores at admission
were remarkably correlated with OS in univariate Cox
regression analyses (P < 0.05). CCI, age, intraoperative
blood loss, platelet count, Scr level, Cys C level and
MELD score were remarkably correlated with DSS in
univariate Cox regression analyses (P < 0.05). Gender,
age, history of variceal ligation, history of variceal
bleeding, operative time, intraoperative blood loss, time
to first flatus, Hb level, platelet count and GLB level
at admission were remarkably correlated with BFS in
univariate Cox regression analyses (P < 0.05).

WJG|www.wjgnet.com

Nomograms for predicting OS and BFS

We recruited all independent prognostic factors
identified in Cox regression analysis of OS and BFS to
construct the nomograms. The prognostic nomograms
for 1-, 3- and 5-year OS rates are shown in Figure 2A,
and nomograms for 1-, 3- and 5-year BFS rates are
shown in Figure 2B. Each variable is projected upward
to the value of the small ruler (Points) to get the score
of each parameter. The higher the score, the worse the
prognosis of survival. The sum of all small rulers is the
total score (Total Points). The 1-, 3- and 5-year OS and
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0.16
0.04
0.01
0.06
0.07
0.75
0.33
0.45
0.17
0.11
0.07
-0.20
-0.06
0.01
0.01
0.03
0.01
0.00
-0.01
0.20
-0.01
0.01
0.07
-0.03
0.01
0.02
0.00
0.00
-0.11
0.02
0.01
0.71
0.29
0.50
1.07

B
0.62
0.00
0.99
0.00
0.74
0.10
0.42
0.19
0.65
0.53
0.82
0.25
0.34
0.36
0.43
0.20
0.00
0.01
0.94
0.03
0.04
0.08
0.46
0.93
0.22
0.20
0.00
0.01
0.00
0.53
0.32
0.09
0.01
0.18
0.00

P value

OS
1.18
1.04
1.01
1.06
1.07
2.12
1.39
1.56
1.19
1.12
1.08
0.82
0.94
1.01
1.01
1.03
1.01
1.00
0.99
1.22
0.99
1.01
1.07
0.97
1.01
1.02
1.00
1.00
0.90
1.02
1.01
2.03
1.33
1.64
2.92

RR
95%CI
0.62-2.23
1.01-1.07
0.54-1.89
1.03-1.09
0.73-1.56
0.87-5.19
0.63-3.03
0.80-3.04
0.56-2.51
0.80-1.56
0.57-2.03
0.58-1.15
0.83-1.07
0.99-1.04
0.98-1.05
0.98-1.09
1.00-1.02
1.00-1.01
0.81-1.21
1.02-1.45
0.97-1.00
1.00-1.02
0.90-1.27
0.51-1.83
0.99-1.03
0.99-1.06
1.00-1.01
1.00-1.01
0.84-0.96
0.96-1.07
0.99-1.03
0.91-4.57
1.08-1.65
0.80-3.40
1.49-5.76
-0.39
0.02
0.94
0.04
0.16
1.07
0.16
0.54
0.71
0.02
1.02
-0.15
0.00
0.00
0.01
-0.01
0.01
0.00
0.23
0.15
-0.02
0.01
-0.08
-0.93
-0.01
-0.03
-0.01
-0.02
-0.03
-0.07
0.02
0.23
0.13
0.02
0.19

B
0.33
0.36
0.02
0.01
0.44
0.01
0.73
0.15
0.07
0.93
0.01
0.41
0.97
0.79
0.59
0.71
0.04
0.00
0.03
0.13
0.04
0.01
0.44
0.44
0.45
0.34
0.35
0.10
0.45
0.04
0.07
0.67
0.36
0.97
0.59

P value

BFS
0.68
1.02
2.56
1.05
1.18
2.92
1.17
1.72
2.04
1.02
2.77
0.86
1.00
1.00
1.01
0.99
1.01
1.00
1.26
1.16
0.99
1.01
0.92
0.39
0.99
0.97
0.99
0.98
0.98
0.93
1.02
1.26
1.13
1.02
1.21

RR
95%CI
0.31-1.48
0.98-1.05
1.20-5.43
1.01-1.08
0.78-1.78
1.24-6.88
0.48-2.87
0.82-3.60
0.96-4.33
0.69-1.51
1.30-5.90
0.60-1.23
0.88-1.14
0.98-1.03
0.97-1.05
0.92-1.06
1.00-1.02
1.00-1.01
1.03-1.53
0.96-1.41
0.97-1
1.00-1.02
0.74-1.14
0.04-4.29
0.97-1.02
0.92-1.03
0.98-1.01
0.96-1.00
0.91-1.04
0.87-1.00
1.00-1.03
0.44-3.66
0.87-1.48
0.44-2.36
0.60-2.46
-0.45
0.06
0.06
0.05
-0.16
0.54
-1.28
0.27
-0.12
0.06
-0.30
-0.16
-0.03
-0.03
0.04
0.00
0.00
0.00
-0.06
-0.02
-0.01
0.01
-0.26
-1.80
0.00
0.02
0.01
-0.01
-0.39
0.03
-0.08
1.17
0.14
4.18
-3.86

B
0.17
0.00
0.91
0.00
0.43
0.21
0.20
0.55
0.81
0.77
0.43
0.29
0.57
0.26
0.20
0.91
0.33
0.09
0.57
0.88
0.31
0.05
0.75
0.84
0.97
0.72
0.12
0.27
0.25
0.28
0.01
0.02
0.54
0.05
0.33

P value

RR
0.64
1.06
1.06
1.05
0.86
1.72
0.28
1.31
0.89
1.06
0.74
0.85
0.97
0.97
1.04
1.00
1.00
1.00
0.94
0.98
0.99
1.01
0.77
0.17
1.00
1.02
1.02
0.99
0.68
1.03
0.93
3.21
1.15
65.31
0.02

DSS
95%CI
0.34-1.21
1.02-1.09
0.43-2.60
1.02-1.09
0.58-1.26
0.73-4.02
0.04-1.96
0.55-3.11
0.34-2.35
0.72-1.58
0.36-1.55
0.63-1.15
0.86-1.09
0.93-1.02
0.98-1.09
0.94-1.08
1.00-1.01
1.00-1.00
0.78-1.15
0.80-1.21
0.97-1.01
1.00-1.03
0.16-3.66
0.00-9821579.13
0.96-1.04
0.93-1.12
1.00-1.03
0.97-1.01
0.35-1.31
0.97-1.10
0.87-0.98
1.20-8.62
0.74-1.81
0.94-4536.32
0.00-48.67

BFS rates can be obtained from the downward projection of the Total Points. This nomogram can predict the survival rate individually according to the different conditions
of different patients, so as to improve the prediction efficiency and accuracy. The nomograms showed that the OS rates were higher for patients with younger age, patients
with shorter operative time, patients with lower alanine transaminase levels and patients with lower albumin-bilirubin scores. The BFS rates were better for females,

OS: Overall survival; BFS: Bleeding-free survival; CCI: Comprehensive Complication Index; BMI: Body mass index; WBC: White blood cell; Hb: Haemoglobin; PT: Prothrombin time; INR: International normalised ratio; TBIL:
Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine transaminase; AST: Aspartate transaminase; ALB: Albumin; GLB: Globulin; Scr: Serum creatinine; Cys C: Cystatin C; MELD: Model for end-stage liver disease; ALBI: Albuminbilirubin; B: Regression coefficient; SE: Standard error; RR: Relative risk; CI: Confidence interval.

Type of operation
CCI
Gender
Age
Aetiology
History of variceal ligation
History of abdominal surgery
Smoking
Drinking
Charlson Score
History of variceal bleeding
Blood type
BMI
Total hospital stay
Duration of preoperative hospital stay
Duration of postoperative hospital stay
Operative time
Intraoperative blood loss
Time to first flatus
WBC count
Hb
Platelet count
PT
INR
TBIL
DBIL
ALT
AST
ALB
GLB
Scr
Cys C
Child-Pugh score
MELD score
ALBI score

Parameter

Table 2 Univariate Cox regression analysis of overall survival, bleeding-free survival and disease-specific survival
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Table 3 Multivariate Cox regression analysis of overall survival and bleeding free survival
Parameter
OS
Age
Operative time
ALT
ALBI score
BFS
Male
Age
Intraoperative blood loss
Time to first flatus
DSS
CCI
Age

B

SE

P value

RR

95%CI

0.06
0.01
0.01
1.03

0.02
0.00
0.00
0.37

0.00
0.01
0.00
0.01

1.06
1.01
1.01
2.79

1.03-1.09
1.00-1.02
1.00-1.01
1.36-5.72

1.17
0.05
0.00
0.23

0.40
0.02
0.00
0.10

0.00
0.01
0.05
0.02

3.22
1.05
1.00
1.26

1.48-7.01
1.01-1.09
1.00-1.01
1.04-1.53

0.06
0.04

0.01
0.01

0.00
0.00

1.06
1.04

1.05-1.08
1.02-1.06

ALT: Alanine transaminase; ALBI: Albumin-bilirubin; B: Regression coefficient; SE: Standard error; RR: Relative risk; CI: Confidence interval.

younger patients, patients with less intraoperative
blood loss and patients with less time to the first flatus.
Guided by nomograms, we can better predict the
prognosis based on the different characteristics of each
patient.

PH, and despite the recent progress in management,
this complication still occurs in approximately 20% of
[19,20]
patients at 6 wk
. Therefore, the risk factors for OS,
DSS and BFS must be determined to accurately predict
the OS and BFS of patients with PH and to conduct
individualised prevention and treatment as early as
possible. The multivariate analyses of OS showed that
age, operative time, ALT levels and ALBI score were
independent positive risk factors. Not surprisingly, age
and operative time were independent positive risk
factors for OS, as older age and longer operative time
are always accompanied by underlying disease and
more severe conditions, respectively. ALT is a sensitive
[21]
marker of acute hepatocyte damage , which may
dramatically influence the OS. The ALBI score was
recently established as an evidence-based model to
assess the liver function of patients with hepatocellular
[10]
carcinoma
and has already been validated and
proven to be more objective and precise than CP and
MELD scores in predicting postoperative efficacy and
[22-28]
survival
. In clinical practice, we should pay more
attention to older patients and patients with longer
operative time and higher ALT levels and ALBI scores
at admission to improve the preventative treatments
for these patients during the perioperative period.
According to the multivariate analyses of DSS, CCI and
age were independent positive risk factors. The CCI
is a novel method that mathematically integrates all
complications graded by the conventional CDC criteria
into one number, regardless of the number and severity
of the complications, to capture the overall burden of
an operation. Additionally, CCI is a continuous variable
ranging from 0 (no complications) to 100 (death)
points that easily quantifies complications and can be
included in multifactor analyses. Thus, the CCI is the
most attractive method for evaluating postoperative
[29]
complications . The CCI has been applied in abdominal
surgery and in the context of randomised controlled
trials for patients undergoing oesophagectomy and has
[30-32]
achieved better results
. The multivariate analyses of

DISCUSSION
We simplified STPD and introduced SSPD in 2002, which
includes cutting and ligating of the posterior gastric
vessels, suturing left gastric vessels and suturing from
the lesser curvature to the lower esophageal vessels.
Holding the paraoesophageal vein and cutting off the
perforating vein only can effectively block the reflux
of esophageal vessels, lower the portal vein pressure
and ensure thorough haemostasis. On the other hand,
SSPD can reduce gastric mucosal congestion, so as to
reduce the incidence of PHG and prevent postoperative
re-bleeding. Changing to suture and refraining from
incision of seromuscular layer minimises wound injuries
and reduces intraoperative blood loss. In addition,
the operative time is significantly shortened, which
can reduce liver injury to some extent. Higher 5- and
10-year OS and DSS rates were reported for the SSPD
group than the STPD group, but the difference was not
statistically significant. Moreover, the 5- and 10-year BFS
rates for the SSPD group were not statistically significant
compared with the STPD group. Based on these results,
SSPD achieved or surpassed the long-term survival effect
of STPD. However, the procedure of SSPD is simple and
prone to master, with less tissue injury and inflammatory
reactions. Therefore, SSPD is a good method of treating
PH patients, and it can and should be promoted and
applied to hospitals at different levels.
Five hundred and fifty-seven (53.30%) patients were
successfully followed; 93 (16.70%) patients died, of
whom 42 (7.54%) died due to bleeding. Postoperative
bleeding was observed in 84 (15.10%) patients, and
the bleeding mortality rate was 50.00%. Acute variceal
bleeding is the most life-threatening complication of
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Figure 2 Nomograms for predicting 1-, 3-, and 5-year overall survival (A) and bleeding-free survival (B). ALT: Alanine transaminase; ALBI: Albumin-bilirubin
score.

Integrating independent prognostic parameters,
a nomogram can provide individualised evaluation of
[7-9]
the clinical event incidence, such as survival rate .
Compared with traditional methods, nomograms make
predictions more quickly, conveniently and accurately.
Its predictive value is better than other evaluation
systems and is very important in clinical decision-making
[33,34]
processes
. However, the application of nomogram
in PH patients has rarely been reported. In the present
report, the prognostic nomograms included all significant
independent factors in the Cox regression analyses
of OS and BFS. According to the nomograms, the OS
rates were better for younger patients, patients with
shorter operative time, patients with lower ALT levels
and patients with lower ALBI scores. In addition, the
BFS rates were better for females, younger patients,
patients with less intraoperative blood loss and patients

BFS showed that male sex, age, intraoperative blood loss
and time to first flatus were independent positive risk
factors. Intraoperative blood loss and time to first flatus
were common factors in the perioperative evaluation
index. However, male sex was an independent positive
risk factor that has not been reported in previous studies.
This discrepancy may be more related to the smoking
and drinking history of male patients. In clinical practice,
we should pay more attention to older male patients and
patients with larger amounts of intraoperative bleeding
and longer postoperative exhaust time. We should
strengthen the measures to protect these patients
during the perioperative period, pay attention to the
postoperative re-examination, and perform ligation in a
timely manner to prevent bleeding. In addition, a precise
survival and re-bleeding prognostic tool is urgently
needed to guide therapy selection for high-risk patients.
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influencing survival and nomograms were also identified.

with less time to first flatus. Guided by nomograms, we
can better predict the prognosis based on the different
characteristics of each patient. To the best of our
knowledge, our study is the first to construct nomograms
to predict OS and BFS rates in patients with PH.
There are several limitations in the present study.
First, potential bias may exist for the retrospective
[35]
nature of our study . However, a randomised clinical
trial may be not realizable for the reason of ethics.
Second, for the research included only Chinese patients,
our results may not be directly applicable to other
races. In some cases, it may need to be verified. Third,
this study was just conducted in a single hospital. Our
results may not be fully applicable to other hospitals
for the difference in treatment modalities and medical
conditions. In addition, the nomograms constructed in
our study lacked external validation due to the limited
number of cases, which may reduce the credibility of the
nomograms. Despite the aforementioned limitations,
the present study has identified the prognostic factors
for patients with PH after SPD and is the first to
construct a nomogram to forecast the postoperative
survival and re-bleeding rates of PH patients.
In summary, SSPD achieves or surpasses the longterm survival effect of STPD and is worthy of clinical pro
motion and application, particularly in primary hospitals.
In clinical practice, we should pay more attention
to males, older patients, and patients with longer
operative time, patients with higher CCI scores, ALT
levels and ALBI scores at admission, and patients with
larger amounts of intraoperative bleeding and longer
postoperative exhaust time. Nomograms are effective
in predicting prognosis according to individual patient
characteristics. Further large-scale prospective studies
are needed to confirm our findings.

Research methods

Five hundred fifty-seven (53.30%) patients were successfully followed. We
performed a Kaplan-Meier analysis to construct survival curves. We also
applied log-rank test to verify the significance of difference in survival rates.
The risk factors were estimated using a univariate Cox regression analysis.
A multivariate Cox regression analysis was used to estimate the relative risk
and to identify independent prognostic factors. The “rms” R library was used to
construct nomograms.

Research results

Five hundred and fifty-seven (53.30%) patients were successfully followed;
93 (16.70%) patients died, of whom 42 (7.54%) patients died due to bleeding.
Postoperative bleeding was observed in 84 (15.10%) patients. There was
no significant difference between SSPD and STPD in 5- and 10-year overall
survival (OS), disease-specific survival (DSS) and bleeding-free survival (BFS)
rates. Age, operative time, ALT level and the ALBI score were independent
prognostic factors for OS. Male sex, age, intraoperative blood loss and time to
the first flatus were independent prognostic factors for BFS. CCI and age were
independent prognostic factors for DSS. Nomograms were established and
were better at predicting 1-, 3-, and 5-year OS and BFS rates.

Research conclusions

SSPD achieves or surpasses the long-term survival outcomes of STPD, which
is worthy of clinical promotion and application. In clinical practice, males, older
patients, patients with longer operative time, patients with higher CCI scores,
ALT levels and ALBI scores at admission, and patients with larger amounts of
intraoperative bleeding and longer postoperative exhaust time should receive
more attention. Nomograms are better in predicting prognosis according to
individual patient characteristics.

Research perspectives

In the future, the long-term survival of patients with PH undergoing SSPD
should be assessed in large-scale prospective studies.
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Abstract
AIM
To investigate the accuracy of fungal dysbiosis in
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mucosa and stool for predicting the diagnosis of Crohn’s
disease (CD).

important from a scientific viewpoint, to increase the
understanding of the role of fungal flora in CD and to
stimulate further studies.

METHODS
Children were prospectively enrolled in two medical
centers: one university hospital and one private
gastroenterology clinic in the city of Riyadh, Kingdom
of Saudi Arabia. The children with confirmed diagnosis
of CD by standard guidelines were considered cases,
and the others were considered non-inflammatory
bowel disease controls. Mucosal and stool samples
were sequenced utilizing Illumina MiSeq chemistry
following the manufacturer’s protocols, and abundance
and diversity of fungal taxa in mucosa and stool were
analyzed. Sparse logistic regression was used to predict
the diagnosis of CD. The accuracy of the classifier was
tested by computing the receiver operating characteristic
curves with 5-fold stratified cross-validation under 100
permutations of the training data partition and the
mean area under the curve (AUC) was calculated.

El Mouzan MI, Korolev KS, Al Mofarreh MA, Menon R, Winter
HS, Al Sarkhy AA, Dowd SE, Al Barrag AM, Assiri AA. Fungal
dysbiosis predicts the diagnosis of pediatric Crohn’s disease.
World J Gastroenterol 2018; 24(39): 4510-4516 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i39/4510.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i39.4510

INTRODUCTION
Inflammatory bowel diseases (IBDs), including Crohn’s
disease (CD) and ulcerative colitis, are chronic condi
tions. Their incidence is highest, with an increasing trend,
[1,2]
in Western populations . However, their incidence is
[3,4]
increasing in non-Western populations as well . The
cause of CD remains unknown despite extensive research,
and a multifactorial etiology has been suggested. In
genetically-susceptible individuals, environmental trigger
ing factors play a major role and diet and microbiota are
[5]
the most relevant causative factors for children . Dietary
components may act directly or through alteration of
gut microbiota to initiate and maintain inflammation in
[6,7]
susceptible subjects . Significant fungal dysbiosis has
[8-10]
been demonstrated in adults and children with CD
.
Recent reports found high accuracy of bacterial dysbiosis
in predicting the diagnosis of IBD in general and CD in
[11-13]
particular
.
Despite the demonstration of fungal dysbiosis in
adults and children with CD, there are no similar reports
on the potential role of fungal dysbiosis in the diagnosis
of CD. The objective of this report was, therefore, to
evaluate the accuracy of fungal dysbiosis in stool and
mucosal samples, for the diagnosis of CD in a cohort of
non-Western children with new onset disease.

RESULTS
All the children were Saudi nationals. There were 15
children with CD and 20 controls. The mean age was
13.9 (range: 6.7-17.8) years for CD children and 13.9
(3.25-18.6) years for controls, and 10/15 (67%) of
the CD and 13/20 (65%) of the control subjects were
boys. CD locations at diagnosis were ileal (L1) in 4
and colonic (L3) in 11 children, while CD behavior was
non-stricturing and non-penetrating (B1) in 12 and
stricturing (B2) in 3 children. The mean AUC for the
fungal dysbiosis classifier was significantly higher in
stools (AUC = 0.85 ± 0.057) than in mucosa (AUC =
0.71 ± 0.067) (P < 0.001). Most fungal species were
significantly more depleted in stools than mucosal
samples, except for Saccharomyces cerevisiae and
S. bayanus , which were significantly more abundant.
Diversity was significantly more reduced in stools than
in mucosa.
CONCLUSION
We found high AUC of fungal dysbiosis in fecal samples of
children with CD, suggesting high accuracy in predicting
diagnosis of CD.

MATERIALS AND METHODS
Ethical considerations

Key words: Fungiome; Mycobiome; Crohn’s disease;
Inflammation; Saudi children

This report is a portion of the main study project titled
“Characteristics of inflammatory bowel disease in Saudi
children”. The study was reviewed and approved by the
Institutional Review Board of the College of Medicine,
King Saud University. Riyadh, Kingdom of Saudi Arabia
(Approval number: 10/2647/IRB).

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We found high accuracy of fungal dysbiosis in
predicting diagnosis of Crohn’s disease (CD), a finding
similar to bacterial dysbiosis. However, the higher area
under the curve for the fungal dysbiosis classifier in
stool (0.85 ± 0.057) than in mucosa (0.71 ± 0.067) (P
< 0.001), contrasts with bacterial studies, suggesting
higher accuracy of stool samples. Although the clinical
application of this finding is limited at present by
the high cost of fungal analysis, such information is
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Study population, sample collection, storage, and
processing

Children were prospectively enrolled in two medical
centers: One university hospital and one private
gastroenterology clinic in the same city of Riyadh,
Kingdom of Saudi Arabia. The children were referred
to these clinics for investigation of suspected IBD. The
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[13]

children with confirmed diagnosis of CD by standard
[14]
guidelines were considered cases and those in whom
the diagnosis of CD was excluded were considered nonIBD controls. The most common final diagnoses in
non-IBD controls were functional abdominal pain and
polyps. Mucosal and fecal samples were collected from
15 children with confirmed CD and 20 controls without
inflammation or infection. A total of 78 samples (58
from CD children and 20 from non-IBD controls) were
obtained. Stool samples were collected before bowel
preparation, and none afterward. Mucosal forceps
biopsies were taken from various parts of the colon
and ileum. All samples were put into cryovials without
preservatives and transported immediately in ice to the
laboratory and stored at -80 ℃. At the end of the study,
all samples were shipped by express mail in dry ice to
MRDNA Laboratories (Shallowater, TX, United States)
for microbiome analysis.

than a linear scale, improving the statistical power .
Therefore, we followed this approach. In addition,
rare taxa (< 1% abundance or absent from > 50% of
the samples) were removed to improve the statistical
power. Statistical significance was assessed via a
permutation test (Fisher’s exact test), which yielded
raw, uncorrected P-values. These were transformed
into q-values (corrected P-value) that measure the
probability of false discovery following the Benjamini
[17]
Hochberg procedure . We considered associations
statistically significant only when the corrected P-values
were less than 0.05.
A linear logistic regression classifier (linearmodel.
LogisticRegression) in scikit-learn, Machine Learning in
[16]
Python , was used to predict CD based on the subject’s
microbiota. The accuracy of the classifier was tested by
computing the receiver operating characteristic (ROC)
curve with 5-fold stratified cross-validation under 100
permutations of the training data partition. We partitioned
the data into randomly assigned training and test sets
100 times; in each case, the classifier was trained on
4/5 of the data and tested on 1/5 of the data (i.e. 5-fold
cross-validation).
Alpha diversity, a measure of genera richness
(number of genera), was evaluated using the Shannon
index. We used Fisher’s t-test to determine P-values for
alpha diversity.
The difference in community composition (Beta
diversity) was quantified by the Bray-Curtis distance,
which accounts for both patterns of presence-absence
of taxa and changes in their relative abundances.
Nonparametric multidimensional scaling (NMDS) was
applied to visualize the distance between mucosa and
stool samples taken from CD and control subjects. NMDS
quantifies the dissimilarity in community composition
between samples via a combination of presence-absence
and absolute abundance of taxa. For the data shown, the
separations were analyzed by the ANOSIM or analysis of
(dis)similarity. The ANOSIM statistic compares the mean
of ranked dissimilarities between groups to the mean of
ranked dissimilarities within groups.
The statistical analyses in this article were performed
and reviewed by the coauthors Kirill S Korolev, PhD and
Rajita Menon, PhD from the Bioinformatics Program,
Boston University, Boston, MA, United States.

Fungal DNA extraction and sequencing

Fungal DNA was extracted using the Mobio PowerSoil kit
as per the manufacturer’s instructions (Mobio, Carlsbad,
CA, United States). Amplicon sequencing service
®
(bTEFAP ) was performed at MRDNA Laboratories and
[15]
used for the fungal analysis . The internal transcribed
spacer primers, ITS1F (CTTGGTCATTTAGAGGAAGTAA)
and ITS2R (GCTGCGTTCTTCATCGATGC), were used.
A single-step 30-cycle polymerase chain reaction (PCR
with HotStart Taq Plus Master Mix kit (Qiagen, Valencia,
CA, United States) was employed. Samples were
sequenced utilizing Illumina MiSeq chemistry following
the manufacturer’s protocols.
The Q25 sequence data derived from the sequencing
process was processed using the MRDNA ribosomal and
functional gene analysis pipeline (www.mrdnalab.com).
Sequences were depleted of barcodes and primers, short
sequences of < 150 bp were removed, and sequences
with ambiguous base calls were removed. Operational
taxonomic units were defined by clustering at 3%
divergence (97% similarity), followed by removal of
singleton sequences and chimeras. Final operational
taxonomic units were taxonomically classified using
BLASTn top hit analysis against a curated database
derived from RDPII and NCBI (http://rdp.cme.msu.
edu and www.ncbi.nlm.nih.gov, respectively) and
compiled into each taxonomic level as both “counts” and
“percentage” files.

RESULTS

Statistical analysis

Demographic data

All analyses were performed using Python and scikit[16]
learn . Custom functions implementing the permutation
test were written to detect the taxa with abundances
significantly different between CD and control samples.
When more than one sample was available from the
same patient for analysis, the log relative abundances
from these samples were averaged.
It has been shown that variations in species
abundance are better captured by a log-transformed

WJG|www.wjgnet.com

All children were Saudi nationals. There were 15 CD
children and 20 controls; mean age was 13.9 (range:
6.7-17.8) years for CD children and 13.9 (3.25-18.6)
years for controls, and 10/15 (67%) of the CD and 13/20
(65%) of the control subjects were boys. At diagnosis,
CD locations were ileal (L1) in 4 and ileocolonic (L3) in 11
children, while CD behavior was non-stricturing and nonpenetrating (B1) in 12 and stricturing (B2) in 3 children.
Controls included all patients with no evidence of IBD

4512

October 21, 2018|Volume 24|Issue 39|

El Mouzan MI et al . Fungal dysbiosis predicts CD
Table 1 Fungal species abundance in mucosa and stool of controls
Fungal species

Mucosa abundance, %

Stool abundance, %

Ratio

P value

0.027
0.015

0.0013
0.0010

0.047
0.063

0.036
0.042

Volvariella dunensis
Lepraria humida

indicating that only two species, Volvariella dunensis (P =
0.03) and Lepraria humida (P = 0.04), were significantly
less abundant in stool than in mucosal samples. In
contrast, about 50 species were significantly less
abundant in stools of children with CD (P < 0.05) and
only two species, Saccharomyces cerevisiae (P = 0.02)
and S. bayanus (P = 0.001), were significantly more
abundant in stools than in mucosal samples (Table 2).
Alpha diversity, as measured by the Shannon Index and
illustrated in Figure 2, was different in mucosa and stool.
The stool community for children with CD was more than
5 times less diverse than that of mucosa (P = 0.0001),
whereas in controls the reduction in stool diversity was
statistically not significant (P = 0.35). Beta diversity, as
measured by the Bray-Curtis distance and visualized by
the NMDS in Figure 3, shows a significant difference in
fungal community separation between mucosal and stool
samples (P = 0.005).

1.0

True positive rate

0.8

0.6

0.4

0.2
Stool (AUC = 0.85 ± 0.057)
Mucosa (AUC = 0.71 ± 0.067)

0.0
0.0

0.2

0.4

0.6

0.8

1.0

False positive rate

Figure 1 Dysbiosis score classification curve to distinguish between
children with Crohn’s disease and controls. The receiver operating
characteristic (ROC) curve demonstrated the logistic regression dysbiosis
classifier. The mean ROC curve for stool (solid black line) and mucosal (solid
red line) dysbiosis scores in fungi cohorts is shown. The standard deviation
from 100 permutations is shown in gray and light red shading. The area under
the curve for stool dysbiosis is significantly higher than in mucosal dysbiosis,
using a Fisher’s t-test computed P < 0.001.

DISCUSSION
Microbial dysbiosis in the form of depletion of beneficial
organisms, expansion of harmful organisms, and
reduced microbial diversity may occur independently or
concurrently and result in significant effects on immune
[18]
responses . Fungal dysbiosis demonstrated in Saudi
[19,20]
children with CD is in line with previous studies
.

or other causes of inflammation. The final diagnoses
in control subjects were juvenile polyps, recurrent
abdominal pain, recurrent cyclic vomiting or other
functional gastrointestinal disorders.

Key findings

Fungal dysbiosis

This is the first report on the accuracy of fungal
dysbiosis in mucosa and stools in predicting the
diagnosis of CD in children. The main finding in this
study is the high AUC for the fungal dysbiosis classifier,
suggesting high accuracy in predicting the diagnosis
of CD, which is in line with the high AUC for bacterial
[11-13]
dysbiosis
. However, the higher AUC for the fungal
dysbiosis classifier is in stool (0.85 ± 0.057) rather
than in mucosa (0.71 ± 0.067) (P < 0.001), in contrast
with the higher AUC for bacterial dysbiosis in mucosal
[12-13]
samples
. Since this is the first report on fungal
dysbiosis accuracy in predicting the diagnosis of CD,
further studies are needed to clarify this result.
The finding of significant differences in a large
number of species between stool and mucosa in CD
children compared to much smaller numbers of species
in controls reflects the degree of disturbance of the fungal
community in children with CD. In this study, except for
S. cerevisiae and S. bayanus, which were significantly
more abundant in stool samples (P = 0.02 and P = 0.003,
respectively), the significantly lower abundance of most
fungal species in stool than in mucosal samples indicates

In a previous report, description of fungal community
structure in mucosa and stool in children with CD
relative to controls indicated significantly-abundant CDassociated taxa included Psathyrellaceae (P = 0.01),
Cortinariaceae (P = 0.04), Psathyrella (P = 0.003),
and Gymnopilus (P = 0.03). Monilinia was significantly
depleted (P = 0.03), whereas other depleted
taxa, although not statistically significant, included
Leotiomycetes (P = 0.06), Helotiales (P = 0.08), and
[10]
Sclerotiniaceae (P = 0.07) .

Prediction analysis

The mean area under the ROC curve (AUC) for the
fungal dysbiosis classifier is illustrated in Figure 1,
indicating a significantly-higher AUC in stools (0.85 ±
0.057) than in mucosa (0.71 ± 0.067) (P < 0.001).
This analysis was further expanded to demonstrate
the difference in abundance and diversity between
mucosa and stool in controls and children with CD
separately. Table 1 shows a comparison of fungal
abundance between mucosa and stools in controls,
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Table 2 Fungal species abundance in mucosa and stool of children with Crohn’s disease
Fungal species

Mucosa abundance, %

Stool abundance, %

Ratio

P value

0.06
0.09
0.03
0.11
0.048
0.44
0.027
0.095
0.022
0.041
0.022
0.034
0.022
0.037
0.085
0.028
0.054
0.066
2.5
0.022
0.11
0.063
0.072
0.064
0.079
0.011
0.038
0.059
0.12
0.02
0.043

0.0014
0.0044
0.0022
0.004
0.0043
0.028
0.0012
0.0019
0.0011
0.0015
0.0011
0.0011
0.0011
0.0013
0.0019
0.0026
0.0037
0.0018
53
0.0014
0.0066
0.0059
0.0053
0.0049
0.0063
0.0027
0.0044
0.004
0.0058
0.0037
0.23

0.025
0.049
0.065
0.035
0.089
0.065
0.046
0.02
0.049
0.037
0.05
0.032
0.048
0.036
0.022
0.095
0.069
0.027
21
0.067
0.062
0.093
0.074
0.076
0.08
0.25
0.12
0.068
0.049
0.18
5.3

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.019
0.019
0.024

Volvariella dunensis
Malassezia restricta
Ceriporia lacerate
Cl. Cladosporioides
Trametes hirsute
Psathyrella artemisiae
Amyloporia sp
Irpex sp
Bjerkandera adusta
Lepista sordida
Cerrena sp
Coprinellus radians
Phlebia acanthocystis
Leptosphaerulina sp
Coprinus sp
Malassezia globose
Alternaria alternate
Ramalinopsis mannii
Saccharomyces bayanus
Trichoderma hypocrea
Aspergillus penicillioides
Psathyrella candolleana
Cladosporium sp
Aspergillus sp
Galactomyces geotrichum
Peniophora incarnate
Eutypella sp
Ophiocordyceps sinensis
Nakaseomyces candida
Hypocrea ceramic
Saccharomyces cerevisiae

A

Control

B

2.5

2.5
2.0

Alpha diversity measure

Alpha diversity measure

2.0

Crohn

1.5
1.0
0.5
0.0

1.5
1.0
0.5
0.0

-0.5

-0.5
Mucosa

Stool

Mucosa

Stool

Figure 2 Alpha diversity evaluated by the Shannon Index. Comparison between mucosa and stool in children with Crohn’s disease (CD) and controls. Alpha
diversity is significantly lower in stool than in mucosa in CD samples (P = 0.0001), while the difference is not significant in control samples (P = 0.35).
[22,23]

been isolated from the stool of humans
. Furthermore,
the role of fungi in the pathogenesis of IBD has been
suggested based on animal models of colitis. Pattern
recognition receptors in the innate immune system cells
include dectin-1, dectin-2, DC-SIGN, mannose receptor,
[24]
and mannose receptor lecithin , and mice lacking
dectin-1 had increased susceptibility to experimental
[25]
colitis . In addition, treatment with antifungal drugs may

variation in dysbiosis between stools and mucosa and
supports the variable accuracy in predicting the diagnosis
of CD.
It has been suggested that the presence of some fungi
in the gut may reflect environmental exposure, rather
[21]
than colonization of the mucosa . However, reports
indicate that many fungi, such as Candida, Cryptococcus,
Malassezia, Saccharomyces and Trichosporon spp, have
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new microbiota-based treatment options. Regarding the accuracy of fungal
dysbiosis in predicting the diagnosis, the main problem would be the current
high cost of fungal analysis. Solving this problem could lead to development of
a dysbiosis screening test for CD.

1.5

NMDS2

Mucosa

Research objectives

Stool

The objective of this study was to evaluate the accuracy of intestinal fungal
dysbiosis as a predictor of CD. High accuracy was found. Future research is
needed to confirm this finding and to develop low-cost fungal dysbiosis tests.

0.0
Control
CD

Research methods

Mucosal and stool samples were collected from children with CD at presentation
and controls. Fungal DNA was extracted from theses samples and sequencing
was performed. Fungal abundance and diversities were determined. Fungal
dysbiosis in children with CD was demonstrated. This is the first study of the
accuracy of fungal dysbiosis in predicting the diagnosis of CD in children.

-1.5
-1.5

0.0

1.5

NMDS1

Research results

Figure 3 Beta diversity evaluated by Bray-Curtis distance and illustrated
by the NMDS plot. This is a measure of beta diversity, and quantifies the
similarity in abundance of taxa between samples. The ovals contain 95% of
the probabilities for mucosa and stool. This plot shows a clear separation of
mucosa and stool samples (P = 0.005). NMDS: Nonparametric multidimensional
scaling; CD: Crohn’s disease.

The main finding was the high accuracy of fungal dysbiosis in predicting
diagnosis of CD. This should stimulate further research to confirm our findings
and to develop a low-cost dysbiosis test.

Research conclusions

The high accuracy of fungal dysbiosis in predicting the diagnosis of CD is a new
finding. The finding could lead to further research in the role of fungal dysbiosis
in CD. A new theory suggests the possibility of design of a noninvasive fungal
dysbiosis screening test for CD.

[26]

reduce the inflammation

.

Strengths and weaknesses of this study

Research perspectives

The strengths of this study comprise the facts that
it is the first to investigate the subject and provides
inclusion of newly-diagnosed, treatment-naïve children
with CD and controls from a well-defined population.
Weaknesses include the relatively small number of
cases which may be adequate for a first report. The
controls were not completely healthy. Obviously,
performing endoscopy and biopsies to exclude IBD in
healthy children is unethical. Therefore, children who
are free of IBD, infection and inflammation have been
considered appropriate non-IBD controls.
In conclusion, the most important finding in this
study is the high AUC in fecal samples of children
with CD, suggesting high accuracy in predicting the
diagnosis. Although, the clinical application of this
finding is limited at present by the high cost of fungal
analysis, such information is important from a scientific
viewpoint, to increase the understanding of the role of
fungal flora in CD and to stimulate further research,
possibly leading to a “dysbiosis test” as a noninvasive
screening tool for CD.

The role of microbiota in CD may include development of a noninvasive
screening test. Further research is needed to confirm the findings and to
develop low-cost fungal analysis.
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Conclusion of Abstract: The sentence “This could be
convincing evidence that the stage Ⅱ of ALPPS should be
performed prudently in patients with marginally adequate
FLR, as the ALPPS-derived proliferation in volume lags
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Tong YF et al . Correction
behind the functional regeneration” should be revised
to “This could be convincing evidence that stage Ⅱ of
ALPPS should be performed prudently in patients with
marginally adequate FLR, as the ALPPS-derived functional
regeneration lags behind the proliferation in volume”.

derived proliferation in volume lags behind the functional
regeneration” should be revised to “as the ALPPS-derived
functional regeneration lags behind the proliferation in
volume”.
Research perspectives: In line 2, the sentence “as
the ALPPS-derived proliferation in volume lags behind
the functional regeneration” should be revised to “as the
ALPPS-derived functional regeneration lags behind the
proliferation in volume”.

Core tip: The last sentence “as the ALPPS-derived
proliferation in volume lags behind the functional re
generation” should be revised to “as the ALPPS-derived
functional regeneration lags behind the proliferation in vo
lume”.
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Extracellular vesicles (EVs) are membrane-derived
vesicles which can be released by different cell types,
including hepatocytes, hepatic stellate cells and
immune cells in normal and pathological conditions.
EVs carry lipids, proteins, coding and non-coding RNAs
and mitochondrial DNA causing modifications on the
recipient cells. These vesicles are considered potential
biomarkers and therapeutic agents for human diagnostic
and prognostic due to their function as intercellular
mediators of cell-cell communication within the liver and
between other organs. However, the development and
optimization of methods for EVs isolation is required
to characterize their biological functions as well as
their potential as a treatment option in the clinic.
Nevertheless, many questions remain unanswered
related to the function of EVs under physiological and
pathological conditions. In the current editorial, the
results obtained in different studies that investigated the
role of intrahepatic EVs during liver diseases, including
drug-induced liver injury, non-alcoholic fatty liver, nonalcoholic steatohepatitis, alcoholic liver disease and
hepatocellular carcinoma and extrahepatic EVs in remote
organs during pathological events such as pulmonary
disease, cardiovascular diseases, neurodegenerative
disorders e.g. , Alzheimer’s disease, Parkinson’s disease
and multiple sclerosis as well as in immunopathological
processes, are discussed. Although much light needs to
be shed on the mechanisms of EVs, these membranederived vesicles represent both a novel promising
diagnostic, and a therapeutic tool for clinical use that
we emphasize in the current editorial.
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nm . They are formed by outward budding of the cell
[8]
plasma membrane . These vesicles are shed by different
cell types and express a subset of cell surface proteins
that depend on the component of the cells plasma
[9]
membranes of origin .
Apoptotic bodies are presented in a wide range of
sizes (50-2000 nm). Programmed cell death or apoptosis
[10]
triggers the formation and release of apoptotic bodies .
Oncosomes and large oncosomes are presented
in a range of size between 100-500 nm and they
are generated by budding of the plasma membrane.
These types of vesicles are only released by cancer
[11]
cells carrying oncogenic cargo which modulate tumor
environment promoting the proliferation, differentiation
[12]
and metabolism of tumors .

Core tip: It has become increasingly clear that extra
cellular vesicles (EVs) are particularly important in
tercellular messenger vesicles during pathophysiological
processes. EVs can provide more information about
the processes that occur in remote organs during the
development of diseases contributing to improving our
tools for diagnosis, prognosis and therapy.
Morán L, Cubero FJ. Extracellular vesicles in liver disease
and beyond. World J Gastroenterol 2018; 24(40): 4519-4526
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i40/4519.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i40.4519

Composition of EVs

Independently of their biogenesis, the composition of EVs
includes proteins, lipids, and nucleic acids (coding and non[13]
coding RNA and mitochondrial DNA) . Lipidomic analysis
shows that the membrane of EVs contains abundant
cholesterol, sphingomyelin, ceramide, saturated fatty acids
and phosphatidylserine. Furthermore, proteomic analysis
shows that EVs share common marker proteins, such
as heat shock proteins (Hsp70 and Hsp90), tetraspanins
(CD9, CD63, CD81, CD82), endosomal sorting complex
required for transport (Alix and Tsg101) and membrane
trafficking and merging proteins (GTPases, Flotillin and
[14]
Annexins) (Figure 2) .

INTRODUCTION
The emergence of extracellular vesicles (EVs) as cri
tical mediators of cell-cell communication has gained
great interest from the scientific community due to its
implication for human diagnostic and therapeutic appli
[1,2]
cations . The role of EVs in intercellular transport was
[3]
reported for the first time in 1980 . However, in the past
decades, EVs have exponentially attracted the interest of
researchers.
There are different mechanisms of formation of
these vesicles, creating a complex repertoire of EVs
which are secreted and differ in size and origin, such as
exosomes, ectosomes, apoptotic bodies, oncosomes
[1]
and large oncosomes . Exosomes are the smallest EVs
(30-100 nm). The process of formation the exosomes
[2]
is originated during endosome maturation . First,
the early endosome is formed by invagination of the
plasma membrane and the consequent fusion of endo
cytic vesicles. The endocytic vesicles can follow two
pathways: (1) The endocytic material is recycled and
returns to the plasmatic membrane; and (2) exosomes
become multivesicular bodies (MVBs) which are a type
of late endosomes containing membrane-bound vesicles
[4]
(intraluminal vesicles) .
MVBs are formed by the invagination of the limiting
membrane, a process during which a small portion of
cytosol is trapped into the vesicle. Finally, there are
MVBs which are degraded in the lysosome or release
their membrane-bound vesicles known as exosomes to
extracellular media by the fusion of MVBs to the plasma
membrane (Figure 1).
The process of generation of vesicles is mediated by
the endosomal sorting complex responsible for transport
and other components, such as ceramide lipids and
tetraspanins. Rab GTPases are involved in exosome
secretion but the requirements for specific Rabs may
[5,6]
differ depending on the cell type .
Ectosomes (also known as microvesicles) are a
population of extracellular vesicles whose size is 50-1000

WJG|www.wjgnet.com

Location of EVs

EVs are released to the extracellular media circulating in
the adjacent extracellular space and appear in biological
fluids, such as blood, saliva, breast milk, bronchial lavage
[15]
fluid, cerebral spinal fluid, amniotic fluid and urine .
However, due to their heterogeneous size, there is a
current lack of purification methods. Moreover, these
molecules are included in a big group known as EVs
since they are also very difficult to isolate and fully
[16]
discriminate .
Circulating EVs can be captured by other cells via
three ways: Direct membrane fusion, receptor mediated
fusion or endocytosis. The recipient cells accept their
cargo and, consequently, may suffer modifications
[17,18]
in their normal cellular processes
. EVs-mediated
pathological processes can be interrupted by inhibiting
EVs release. Emerging studies have recently shown that
the inhibition of neutral sphingomyelinase 2 (nSmase2)
with GW4869 block exosome release or exosome
[19]
mediated signalling in different cell types .

EVs in liver

The liver has great interest in the scientific research due to
this implication in many processes, such as detoxification
of blood, filtering all harmful elements and in production,
processing and transport of lipids. Furthermore, the liver
is a multicellular organ formed by parenchymal cells
(hepatocytes) and non-parenchymal cells including Kupffer
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Figure 1 Mechanisms of formation extracellular vesicles and composition. The early endosome is generated by invagination of the plasma membrane. The
consequent fusion of endocytic vesicles mediated by the endosomal sorting complex responsible for transport (ESCRTs), formed multivesicular bodies (MVBs).
MVBs can be degraded in the lysosome or released the intraluminal vesicles known as exosomes by the fusion of MVBs to the plasma membrane mediated by
Rab GTPases. Microvesicles are generated by outward budding from the plasmatic membrane. Apoptotic bodies are generated during programmed cell death or
apoptosis. The composition of extracellular vesicles (EVs) includes proteins (tetraspanins, receptors including epidermal growth factor receptor (EGFR), adhesion
proteins, transporters and channels, vesicle trafficking-related proteins, cytoskeleton proteins and cytosolic proteins), lipids (sphingomyelin, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine) and nucleic acids (messenger RNA (mRNA), microRNA (miRNA), ribosomal RNA (rRNA), transfer RNA (tRNA),
mitochondrial DNA (mtDNA)). ESCRTs: Endosomal sorting complex responsible for transport; MVBs: Multivesicular bodies; EVs: Extracellular vesicles; EGFR:
Epidermal growth factor receptor; mRNA: Messenger RNA; miRNA: MicroRNA; rRNA: Ribosomal RNA; tRNA: Transfer RNA; mtDNA: Mitochondrial DNA.

cells (KCs), sinusoidal endothelial cells (SECs), hepatic
[20]
stellate cells (HSCs) . The coexistence of different cell
types creates a need for intercellular communication
[21]
network in order to maintain liver homeostasis . Many
pathophysiological events are regulated by EVs which
can be transferred from donor cells to recipient cells and
can activate or regulate cell functions including protein
expression, cell proliferation and differentiation and/or
antiviral responses. This intercellular communication might
be done through EVs, and for this reason, it is necessary
to shed light into the physiology and pathology of hepatic
[21]
EVs .
Primary hepatocytes secrete EVs proteins that
include exosomal marker proteins (e.g., Tsg101, CD63
and CD81), hepatic-specific proteins, like the asialog
lycoprotein receptor, and different proteins associated with
metabolic disorder which need further investigation and
[22]
identification .

liver injury.
Liver-derived miRNAs may originate from resident
parenchymal and non-parenchymal cells and can be
significantly altered in certain liver diseases. It can be
found as non-vesicle associated miRNA (free circulating
miRNA) or associated with vesicles (EVs miRNA) being
[24]
the last one, the more stable biomarkers .
The use of miRNAs as potential biomarker of liver
injury was demonstrated in a mouse model of APAPinduced acute liver injury. It was found a significant
increase in miR-122 levels in EVs released from he
[25]
patocytes . The same results were observed in a rat
model of APAP-induced liver injury with increased levels
of circulating EVs. These results correlated with a study
[26]
in primary human hepatocytes (PHH) . These results
strongly support that miRNAs might be used as potential
biomarkers of liver diseases, being miR-122 associated
with EVs proposed as biomarker in drug-induced liver
injury (DILI).

EVs in drug-induced liver injury

EVs in non-alcoholic fatty liver disease and nonalcoholic steatohepatitis

Nowadays, traditional standard biomarkers for liver injury
are based on the measurement of hepatic enzymes in
plasma or serum including AST, ALT, alkaline phosphatase
[23]
(AP) and gamma-glutamil-transpeptidase . However,
serum or plasma levels of these enzymes do not always
reflect the stage of liver disease, therefore causing
significant limitations in the diagnosis and staging of
different chronic and acute liver disorders. For this reason,
miRNAs have emerged as new potential biomarkers of

WJG|www.wjgnet.com

Non-alcoholic fatty liver disease (NAFLD) is characterized
by over-accumulation of fat in the liver producing hepatic
steatosis triggering an inflammatory reaction which
results in the development of non-alcoholic steatohepatitis
(NASH). Both diseases are characterized by an increase
of circulating EVs. In order to characterize EVs cargo, it
was demonstrated that hepatocyte-derived EVs released
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Figure 2 Role of extracellular vesicles during pathologic processes inside and outside the liver. Intrahepatic extracellular vesicles in non-alcoholic fatty liver
(NAFLD), non-alcoholic steatohepatitis (NASH), drug-induced liver injury (DILI), alcoholic liver disease (ALD) and hepatocellular carcinoma (HCC). Extrahepatic EVs
play a fundamental role in pulmonary disease, cardiovascular diseases (CVDs), neurodegenerative disorders and immunopathological disorders. EVs: Extracellular
vesicles; NAFLD: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis; DILI: Drug-induced liver injury; ALD: Alcoholic liver disease; HCC: Hepatocellular
carcinoma; CVDs: Cardiovascular diseases.

during lipotoxic fatty acids are enriched in Vanin-1 (VNN1)
and miR128-3p. VNN1 is responsible of the internalization
of EVs into HSCs and miR128-3p inhibits the expression
of PPAR-gamma provoking an activation of stellate
[27]
cells inducing fibrosis in the liver . Altogether these
results indicate that VNN1 and miR128-3p released by
hepatocytes associated with EVs during lipotoxicity might
be important during HSCs activation in NAFLD/NASH.

activation.
In order to evaluate the in vivo role of macrophages,
[29]
Verma and collaborators
described that cultured
hepatocytes released CD40L in EVs in response to
alcohol exposure which leads to macrophage activation.
[28]
In contrast, Saha et al
showed that Hsp90 as the
cause of macrophage activation, demonstrating that
there was a significant increase in levels of Hsp90 EVs
secreted from hepatocytes in ALD. These studies reveal
that Hsp90 and CD40L carried by EVs released from
hepatocytes in response to alcohol intake, have an
important role in macrophage activation during ALD.

EVs in alcoholic liver disease

In an attempt to further characterize the critical role of
EVs in vivo during alcoholic liver disease (ALD), Saha
[28]
and colleagues , used an experimental model of ALD.
The authors first found a significant increase in the total
number of EVs in the serum of mice with an alcohol
diet and the effect of serum EVs derived from ALD mice
in naïve recipient mice. To characterize the different
components in EVs release to ALD mice they found an
increase in miR-192 and miR-30a levels compared to
control EVs. Moreover, hepatocyte released EVs causing
hi
low
an increase in the percentage of F4/80 CD11b (KCs)
and TNF-α, suggesting the link between innate immune
cell activation and hepatocyte intoxication during the
process of alcoholic liver injury.
Hepatic resident macrophages (KCs) and infiltrating
macrophages play a pivotal role in ALD pathogenesis
whose production of proinflammatory cytokines
exhibited the inflammatory process characteristic of
alcoholic hepatitis (AH). For this reason, it is necessary to
characterize specific proteins implicated in macrophage
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EVs in hepatocellular carcinoma

Several studies suggest that EVs contribute to pro
liferation and propagation of hepatocellular carcinoma
[30]
(HCC) cells during HCC . It was demonstrated that
+
EVs released by CD90 cells provoked an increase in
vascular endothelial growth factor 1 in endothelial cells
which lead with metastasis. Moreover, it has suggested
that EVs collaborate with the microenvironment that
[31]
promote tumor survival and growth . It was found that
EVs released by metastatic HCC cells induce hepatocytes
to secrete metalloproteinase-2 and -9 which facilitate the
[32]
invasion of HCC cells .
[33]
Kogure et al , characterized the cargo of EVs release
by HCC cells in vitro identifying several miRNA, such as
miR-584, miR-517c, miR-378, miR-520f, miR142-5p,
miR-451, miR-518d, miR-215, miR-376a, miR-133b, and
miR-367. These studies indicate that oncogenic cargo
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released by HCC cells modulate tumor environment
facilitating the invasion of HCC cells promoting the
proliferation and differentiation of tumors.

addition, miR-132 and miR-212 are downregulated in
[41]
neurodegenerative disorders including AD .
PD is characterized by an accumulation of α-synuclein
protein. Therefore the cargo inside EVs was analysed
and showed that this protein is present outside and
inside of EVs, and their secretion contribute to the
[42]
development of the disease .
In order to understand the role of EVs in MS, resear
chers showed that EVs are released from brain endo
thelium and have increased levels of β2-microglobulin,
MHC Ⅱ, CD40 and ICOSL. Moreover, they are involved
+
+
[43]
in the activation of CD4 and CD8 lymphocytes .
Furthermore, serum EVs were able to decrease the levels
of miR-122-5p, miR-196b-5p, miR-301a-3p, miR-532[44]
5p .
Considering these results, EVs might contribute to
the progression of neurodegenerative diseases and thus
be used in the clinical setting as biomarkers or drug
delivery tools.

Viral hepatitis

The role of CCL5 released by HCV-infected macro
phages/KCs thereby inducing the activation of HSCs
through the phosphorylation of ERK was demonstrated.
In fact, the neutralization of CCL5 in HSCs in culture
using supernatant from HCV-infected macrophages
caused a significant down-regulation of inflammatory
[34]
and profibrotic genes . Another study demonstrated
that liver cells treated with IFN-α induced resistance
to HBV replication in infected liver cells by cell-cell
[35]
communication through EVs . These results provide
evidence that EVs have an important role during viral
infection and antiviral response.

Extrahepatic EVs

So far, the role of EVs in different pathophysiological
events in the liver was discussed. However, several
articles revealed the role of EVs in remote organs taking
part of different events under pathological conditions,
such as pulmonary disease, neurodegenerative disorders,
cardiovascular diseases and during immunopathological
processes.

EVs in cardiovascular diseases

Emerging studies reveals that EVs have regulatory
effects in cardiovascular diseases being released by
endothelial cells, cardiomyocytes, fibroblasts and stem
cells and participating in pathophysiological processes
[45]
contributing to the development of disease .
EVs have been involved in the regulation of cardio
myocyte hypertrophy and cardiac fibrosis. It was demon
strated that EVs released from myocytes carry Hsp90
together with IL-6. Both molecules are involved in the
activation of cardiac fibroblasts causing increased collagen
[46]
production and deposition during cardiac hypertrophy .
Furthermore, it was found a significantly increase in the
levels of miR-21-3p in pericardial fluid in a mice model
of transverse aortic constriction-induced hypertrophy.
This miR-21-3p associated with EVs was released by
fibroblasts and was uptake by cardiomyocytes leading
to an activation of intercellular signalling pathways which
[47]
provoke cellular hypertrophy . Interestingly, EVs play
a critical role in intercellular communication between
fibroblasts and cardiomyocytes during the hypertrophic
process contributing to cardiac fibrosis.

EVs in pulmonary disease

The liver takes an important role in maintaining systemic
[36]
homeostasis . The injured liver can induce different
pathogenic processes in remote organs. Indeed, EVs
are linked with different pathological conditions inside
[37]
and outside the liver . For this reason, hepatocytederived-EVs are suggested to have an important role in
the pathogenesis of pulmonary disease.
To characterize the critical role of hepatic pathogenic
[37]
processes, and their implications in the lung, Royo et al
investigated the role of Arg1 carried by EVs as one of
the factors responsible for the lung damage. The study
confirms that hepatic EVs and the effect of Arg1 might
propagate the injury in the lung inducing pulmonary
endothelial dysfunction. It concludes that EVs take an
important part in communication between the liver
and lung, could be Arg1 the responsible for pulmonary
endothelial dysfunction.

EVs in immunopathology

Another important issue is the role of EVs in antiviral
[48]
immune response. Torralba and colleagues , in
vestigated that EVs released from T cells contained
mitochondrial DNA and this genetic material can be
transferred unidirectionally from T cells to dendritic
cells (DCs) during the formation of antigen-dependent
contacts. The possible signalling pathways which are
activating in DCs were analysed, finding a significantly
increase in the expression of different genes. Most of
them were involved in the antiviral response mediated
by IFN-I resulting into immune protection effect against
virus infection leading a decrease viral infection.
Altogether these results indicate that EVs from T cells
conferred protection to DCs against virus infection

EVs in neurodegenerative disorders

On the other hand, we discuss the role of EVs in different
neurodegenerative disorders including Alzheimer’s
disease (AD), Parkinson’s disease (PD) and multiple scle
rosis (MS) as a potential source of information in neuro
[38]
degenerative disorders .
It has been suggested that lipids cargo in EVs relea
sed from neurons promoting the formation of β-amyloid
(βA) peptides contributing to neuronal damage in
[39]
AD . Furthermore, it was found that AD patients
have lower levels of miR-193b in blood which are cor
[40]
related with levels in cerebral spinal fluid (CSF) . In
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Table 1 Summary of extracellular vesicles biomarkers in hepatic and extracellular vesicles
Type of disease
Intrahepatic

Sample

Species

Drug-induced liver injury (DILI)

Plasma/serum/cell Mouse/rat/
culture
human
Non-alcoholic fatty liver disease (NAFLD)/
Cell culture
Mouse
non-alcoholic steatohepatitis (NASH)
Alcoholic liver disease (ALD)
Serum/cell culture
Mouse/
human
Hepatocellular carcinoma (HCC)
Cell culture
Human

Biomarker

Ref.

miR-122 [↑]

[25,26]

miR-128-3p [↑]; VNN1

[27]

miR-192, miR-30a [↑]; CD40L, Hsp90

[28,29]
[31-33]

[48]

Viral hepatitis (HBV/HCV)
Pulmonary disease
Alzheimer’s disease (AD)
Parkinson’s disease (PD)
Multiple Sclerosis (MS)

Cell culture
Serum/cell culture
CSF/blood/tissue
Cell culture
Serum/cell culture

Human
Rat
Human
Mouse
Mouse/
human

Cardiovascular disease (CVDs)

Cell culture/
pericardial fluid
Cell culture

Rat/mouse

Vascular endotelial growth factor 1, MMP2,
MMP9; miR-584, miR-517c, miR-378, miR520f, miR142-5p, miR-451, miR-518d,
miR-215, miR376a, miR-133b, and miR-367
Viral RNA; CCL5
Arg 1
β-amiloyd; miR-193b, miR-132 [↓]
α-sinucleyn
Beta-2-microglobulin, MHC-Ⅱ,
CD40,ICOSL; miR-122-5p, miR-196b-5p,
miR-301a-3p, miR-5p [↓]
Hsp90, IL-6; miR-21-3p [↑]

Human

mtDNA

Extrahepatic

Immunopathology

[34]
[37]
[39,41]
[42]
[43,44]

[46,47]

VNN1: Vanin-1; MMP: Matrix metalloproteinase.

through antigen-driven contacts.

3

CONCLUSION
In summary, the data show that EVs can be used not
only as diagnostic but theranostic tool for the treatment
of acute and chronic liver disease (Table 1). EVs can be
released by hepatocytes carrying miRNA as potential
biomarkers in DILI or triggering macrophage activation
in ALD and an activation of HSCs in NAFLD/NASH.
Emerging evidences suggests that EVs promotes the
proliferation and migrations of tumor cells. Additionally,
circulating EVs have an effect outside the liver as seen
in the lung taking particularly interest the link between
EVs released by hepatocytes and the effect in pulmonary
disease. The effect of EVs in the brain as seen in different
neurodegenerative disorders contributing to the progress
and development of the diseases; in the heart, having
regulatory effects in cardiovascular diseases and finally
during viral infection for their immune protection effect.
In conclusion, EVs are important intercellular com
munication mediators during pathology and physiology
events. It would be interesting in future studies to
investigate the particularly role of EVs in the development
of diseases. However, little data support the function of
EVs in physiopathological processes suggests the need
for further research.
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Hepatocellular carcinoma (HCC) with portal vein tumor
thrombus (PVTT) is a disease that is not uncommon,
but the treatments vary drastically between Eastern
and Western countries. In Europe and America, the first
line of treatment is systemic therapy such as sorafenib
and the surgical treatment is not a recommend option.
While an increasing number of studies from China and
Japan have suggested that surgical treatment results in
better outcomes when compared to transcatheter arterial
chemoembolization (TACE), sorafenib, or other nonsurgical
treatments, and two classification systems, Japanese Vp
classification and Chinese Cheng’s classification, were
very useful to guide the surgical treatment. We have also
found that surgical treatment may be more effective,
as we have performed surgical treatment for HCC-PVTT
patients over a period of approximately 15 years and
achieved good results with the longest surviving time
being 13 years and onward. In this study, we review the
efficacy and principles of current surgical treatments and
introduce our new, more effective surgical technique
named “thrombectomy first”, which means the tumor
thrombus in the main portal vein, the bifurcation or the
contralateral portal vein should be removed prior to liver
resection. Thus, compression and crushing of PVTT during
the operation could be avoided and new intrahepatic
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metastases caused by tumor thrombus to the remnant
liver minimized. The new technique is even beneficial to
the prognosis of Cheng’s classification Types Ⅲ and Ⅳ
PVTT. The vital tips and tricks for the surgical approach
are described.

not be achieved. The criteria for surgical resection are
defined as follows: (1) PVTT typeⅠ/Ⅱ or type Ⅲ/Ⅳ (but
these classifications remain controversial); (2) Good
general medical conditions with Eastern Cooperative
Oncology Group (ECOG) scores of 0-2; (3) Liver function
was Child-Pugh class A or selected class B; (4) Resec
table primary tumor, without metastasis; and (5) Enough
future liver remnant.
We have performed surgical treatment for HCC-PVTT
patients over a period of approximately 15 years and
achieved good results, with the longest surviving time
being 13 years and onward. In this study, we review
the efficacy and principles of current surgical treatments
and introduce our new, more effective surgical technique
named “thrombectomy first”.

Key words: Portal vein tumor thrombus; Thrombectomy
first; Surgery; Hepatocellular carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The treatments for hepatocellular carcinoma
with portal vein tumor thrombus between Eastern and
Western countries vary drastically. In Western countries,
the first-line treatment is systemic therapy such as sora
fenib, while studies from China and Japan suggest that
surgical treatment results in better outcomes. We review
the efficacy and principles of current surgical treatments
and introduce our new, more effective surgical technique
named “thrombectomy first”, which means the tumor
thrombus would be removed prior to liver resection. We
have performed this technique over approximately 15
years and achieved good results with the longest surviving
time being 13 years and onward.

EFFICACY OF SURGICAL TREATMENT
Surgical vs nonsurgical treatments
[9]

A Japanese nationwide survey of 6474 patients from
645 registered institutions showed that the median
survival time (MST) of the operation group was prolonged
by 1.77 years compared to the nonsurgical group (2.87
years vs 1.10 years; P < 0.001) for the overall cohort
and by 0.88 years (2.45 years vs 1.57 years; P < 0.001)
for the propensity score-matched cohort. Furthermore,
the survival rates at 1, 3, and 5 years after diagnosis for
the operation group were significantly higher compared
to the conventional treatment group, with the survival
rates being 70.9%, 43.5%, and 32.9% compared to
62.9%, 31.6%, and 20.1%, respectively. Moreover,
subgroup analysis after propensity score matching re
vealed that surgical treatment provided a survival be
nefit regardless of age, etiology, serum α-fetoprotein
elevation, tumor number, or hepatitis B or C infection;
[7]
however, a previous study showed that the survival
benefits of surgical treatment in Vp4 patient groups
were not statistically significant, and most of them could
not achieve R0 or R1 resection. Thus, the authors only
recommended liver resection as a first line of treatment
when PVTT was limited to the first-order branch of the
portal vein.
[10]
Another large cohort study from China
analyzed
1580 patients diagnosed with HCC with PVTT from four
of the largest tertiary hospitals. The MSTs of the surgical
treatment group for typesⅠ and Ⅱ patients were 15.9
and 12.5 mo, respectively, and these MSTs were much
better compared to their nonsurgical counterparts. The
authors concluded that surgical approaches are the best
treatment for typeⅠ/Ⅱ PVTT patients with good liver
function. Likewise, several other studies from Eastern
countries also suggested the potential survival benefits of
[11-14]
; however,
surgical treatment in HCC-PVTT patients
most of these studies suggested that operation is not
useful for type Ⅳ PVTT patients who had a poor prog
nosis.

Peng SY, Wang XA, Huang CY, Li JT, Hong DF, Wang YF, Xu
B. Better surgical treatment method for hepatocellular carcinoma
with portal vein tumor thrombus. World J Gastroenterol 2018;
24(40): 4527-4535 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i40/4527.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4527

INTRODUCTION
Portal vein tumor thrombus (PVTT) is not rare, but it
is correlated with an extremely poor prognosis, with
approximately 40% of patients with hepatocellular car
[1]
cinoma (HCC) having PVTT when diagnosed . HCC
with PVTT is recognized as an advanced stage disease
(BCLC-C) according to the Barcelona Clinic for Liver
[2]
Cancer (BCLC) staging system . Surgical resection is not
a recommended treatment option; the only proposed
treatment option is systemic therapy. The tyrosine kinase
inhibitors sorafenib and regorafenib have been reported
to prolong survival and have been selected as treatment
[3]
options . Both the American Association for the Study of
the Liver Disease (AASLD) and the European Association
for the Study of the Liver (EASL) accepted the BCLC
[4,5]
treatment algorithm .
Eastern countries have totally opposite views. Experts
[6]
[7]
from mainland China and Japan as well as other eas
[8]
tern experts have recognized that HCC with PVTT is not
a contradiction of surgical approach. In selected HCCPVTT patients, surgical treatment could not only improve
the life quality but also prolong the survival time, even
though a R0 resection for this malignant disease could
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commonly used to help patients with advanced HCC
including PVTT. Recently, many studies reported that
surgical treatment had a better prognosis compared to
those undergoing TACE, especially for Cheng’s typesⅠ
[15]
and Ⅱ PVTT. Peng et al compared 201 HCC patients
with PVTT who received surgical treatment and 402
matched cases treated with TACE. The median survival
of the surgical treatment and TACE groups was 20.0
mo ± 1.8 mo and 13.1 mo ± 0.6 mo, respectively. The
1-, 3-, and 5-year overall survival rates for the surgical
and TACE groups were 42.0%, 14.1%, and 11.1% and
37.8%, 7.3%, and 0.5%, respectively (P < 0.001). The
survival curve for the operation group was better than
that for the TACE group. Subgroup analyses showed that
the overall survival for the operation group was better
than that of the TACE group for typeⅠ/Ⅱ PVTT but not
for type Ⅲ/Ⅳ PVTT. This result was concordant with a
[16]
[10,17]
stratified meta-analysis . Other typical studies
also
favor the surgical treatment, which showed that the sur
vival rates were better for the surgical resection group
than the TACE group for Cheng’s typeⅠ/Ⅱ PVTT.
Combining preoperative TACE with surgical resection
[18]
[19]
alone was also compared by Yamamoto
and Ban ;
neither were able to find a survival benefit with pre
operative TACE for HCC-PVTT patients, especially for
Cheng’s types Ⅲ and Ⅳ PVTT.

existence of a tumor thrombus distal to, but not in, the
2nd-order branches of the portal vein, Vp1; (3) presence
of a tumor thrombus in the 2nd-order branches of the
portal vein, Vp2; (4) existence of a tumor thrombus in
the 1st-order branches of the portal vein, Vp3; and (5)
presence of a tumor thrombus in the main trunk of the
portal vein or a portal vein branch contralateral to the
mainly involved lobe (or both), Vp4.

Cheng’s classification

Cheng’s new classification system comprises five grades:
(1) Type Ⅰ0: tumor thrombus formation found under a
microscope; (2) TypeⅠ: tumor thrombus involving seg
mental branches of the portal vein or above; (3) Type
Ⅱ: tumor thrombus involving the right/left portal vein;
(4) Type Ⅲ: tumor thrombus involving the main portal
vein trunk; and (5) Type Ⅳ: tumor thrombus involving
the superior mesenteric vein or the inferior vein cava.
Furthermore, two subgroups were classified for each
type: (1) For TypeⅠ:Ⅰa, tumor thrombus involving
segmental branches of the portal vein or above, andⅠ
b, tumor thrombus involving segmental branches of the
portal vein extending to sectoral branch; (2) For Type Ⅱ:
Ⅱa, tumor thrombus involving the right/left portal vein,
and Ⅱb, tumor thrombus involving both the left and right
portal veins; (3) For Type Ⅲ: Ⅲa, tumor thrombus in
volving the main portal vein trunk for no more than 2 cm
below the confluence of the left and right portal veins,
and Ⅲb, tumor thrombus involving the main portal vein
trunk for more than 2 cm below the confluence of the left
and right portal veins; and (4) For Type Ⅳ: Ⅳa, tumor
thrombus involving the superior mesenteric vein (SMV),
and IVb, tumor thrombus involving the inferior vein cava
(IVC).
Compared to the Cheng’s classification, the Vp clas
sification does not mention the extension of PVTT in
volving the SMV or IVC. Vp0 is equal to Type 0, Vp1 is
equal to Type Ⅰa, Vp2 is equal to Type Ⅰb, Vp3 is equal
to Type Ⅱa, and Vp4 is equal to Type Ⅲ and Type Ⅱb.
Most Japanese studies concluded that surgical treatment
did not achieve a better survival outcome compared to
nonsurgical treatments in Vp4 PVTT. There are, however,
disadvantages of the two classifications: (1) both of them
do not consider liver function or tumor-correlated factors,
such as tumor number and size; and (2) no pathological
information of PVTT is described, such as necrotic degree,
proliferative type, necrotic type and organized type.
Several studies recognized that the Cheng’s classification
was more applicable than the Vp classification for disease
assessment and treatment.

Surgical vs sorafenib treatment

In Western countries, the first-line treatment option
for HCC-PVTT is sorafenib, but the MST was short at
[20]
6.5 mo in the Eastern countries and 10.7 mo in West
[3]
[21]
ern areas . In a study by Jeong et al , 30 patients with
HCC-PVTT (Vp3 or Vp4) treated with sorafenib mono
therapy had a median survival period of only 3.1 mo.
[22]
Another typical study by Nakazawa et al also revealed
that the MST(4.3 mo) was similar for PVTT in the main
trunk or in the first branch after treated with sorafenib
alone. These data demonstrated that the MST was quite
shorter for HCC-PVTT treated with surgical method.

SURGICAL CLASSIFICATION
The tumor extent and the range and position of PVTT
affect surgical planning and correlate with overall survival
after surgical resection. Thus, the surgical method should
aim to achieve a complete resection of the primary tumor
and removal of PVTT with a sufficient future remnant
liver. Therefore, classification of PVTT is necessary to
determine the surgical process.
Currently, there are two classifications that are well ac
cepted and widely used in the Asia-Pacific: the Japanese
[23,24]
Vp classification
and the classification suggested by
[12,25]
Cheng, who is a Chinese professor
.

SURGICAL METHODS AND EFFICACY
Based on the two classifications, several surgical resec
tion methods and techniques were introduced.

Japanese classification

The Liver Cancer Study Group of Japan proposed a help
ful macroscopic classification divided into five grades
[23,25]
(Vp0-Vp4)
for HCC with PVTT. Each one is defined as
follows: (1) no tumor thrombus in the portal vein, Vp0; (2)
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En bloc resection of PVTT with the tumor could be
achieved: (1) Segmental hepatectomy is suitable for
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Japanese classification Vp1-2 or Cheng’s classification
TypeⅠ; (2) Hemihepatectomy is suitable for Japanese
classification Vp3 or Cheng’s classification Type Ⅱa,
and the primary tumor should be located in the same
liver without extending beyond the hemiliver; and (3)
Extended hemihepatectomy is suitable for Cheng’s clas
sification Type Ⅱb and Japanese classification Vp4 (tumor
thrombus in the bifurcation of the portal vein).

Vp4 or Types Ⅲ and Ⅳ patients with HCC and PVTT. Shi
[25]
et al
compared the surgical effects of TypeⅠ/Ⅱ and
Type Ⅲ/Ⅳ PVTT and found that the overall survival and
disease-free survival rates of patients with type Ⅲ or
Ⅳ PVTT were significantly worse than those of typeⅠ
or Ⅱ. The 1- and 3-year overall survival and diseasefree survival rates of 78 Type Ⅲ patients were 24.7%
and 3.6% and 3.0% and 0%, respectively. The 1- and
3-year overall survival and disease-free survival rates of
20 Type Ⅳ patients were 18.0% and 0% and 0% and
[27]
0%, respectively. In Li’s report , the 1-, 3-, and 5-year
OS and DFS rates for the patients whose PVTT extended
beyond the resection line were 42.6%, 11.4%, and 5.7%
and 15.4%, 5.1%, and 5.1%, respectively.
We analyzed these reports and found that almost
all of them performed the thrombectomy after the liver
[19]
resection. Only Daisuke
performed the removal of
PVTT prior to the mobilization and transection of the liver,
and the MST and OS were much higher than those of the
other studies. The MST of 19 Vp4 patients was 28 mo
and the 3- and 5-year overall survival rates were 41.8%
and 20.9%, respectively. The MST of 26 Vp3 patients
was 18 mo and the 3- and 5-year overall survival rates
were 25.2% and 21.2%, respectively.

Tumor thrombus lies beyond the liver resection line

Hepatectomy plus thrombectomy or en bloc resection
(with or without reconstruction of the main portal vein)
can be selected in this kind of HCC-PVTT, which includes
Japanese classification Vp4 and Cheng’s classification
Types Ⅲ and Ⅳ. The PVTT is typically extracted through
an incision in the portal vein after resection to the liver.

Tumor thrombus invades the main portal vein wall

Combined with the main portal resection, a direct endto-end reconstruction is usually needed after the hepa
tectomy when the wall of the main portal vein is invaded
by the tumor thrombus or if the removal is difficult.
However, this concept is not recommended by the study
based on the findings of the Japanese registry, and
the result showed that when the tumor thrombus lies
beyond the liver resection line or invades the main portal
vein wall (type Ⅲ/Ⅳ PVTT), there was no significant
improvement in survival after surgical treatment.

Efficacy of “thrombectomy first” instead of “liver
resection first”

We have performed surgical treatments for Types Ⅲ and
Ⅳ PVTT since 2003, and we proposed a “thrombectomy
first” surgical concept to provide superior surgical thera
peutic effects and simplify the management approach.
The tumor thrombus in the main portal vein, the bifur
cation or the contralateral portal vein would be removed
prior to liver resection. The main advantages of this
concept are as follows: (1) Compression and crushing
of PVTT during the operative process could be avoided;
thus, new intrahepatic metastases caused by tumor
scattering from the PVTT to the remnant liver were mini
mized; (2) The contralateral portal venous flow could be
recovered at an early stage of the operation, which is a
beneficial measure for the preservation of remnant liver
function; and (3) The portal venous pressure decreases
as a result of complete removal of tumor thrombus.
The following considers a right hemihepatectomy as
an example to explain the detailed surgical process. The
main portal vein (MPV) and the right portal vein (RPV)
were clearly revealed by dissecting the fascia and Glisson
sheath along the right edge of the hepatoduodenal liga
ment until the point where it entered the right liver. The
tissues in the front were then pushed forward to fully ex
pose the anterior wall of the RPV. Both the right hepatic
artery (HA) and the right hepatic duct (HD) were then
cut and ligated separately with a 1 cm distance from the
entry point of the right liver (Figure 1A and B). The right
HA and right HD along with the anterior tissues of the
Glisson sheath was called the hepatic artery-duct flap
(HA-HD flap) (Figures 2 and 3). The left hepatic portal
vein was revealed by pulling up and dissecting the flap,
and a small branch of the portal vein that entered the
caudate lobe was cut and ligated in this process. The

Efficacy of different surgical methods

Several studies compared the surgical approaches, com
plications, survival benefit, and recurrence between
hepatectomy with thrombectomy and hepatectomy with
en bloc resection. Most of reports showed that hepa
tectomy plus thrombectomy or en bloc resection was
not significantly different no matter for patients with
Vp4 or Vp3 PVTT when compared for overall survival
and disease-free survival at 1, 3, and 5 years, but hepa
[26,27]
tectomy had a lower mortality and morbidity
. While
some other studies suggested that thrombectomy had
a risk of residual tumor and hepatectomy plus en bloc
resection with or without reconstruction of the main
portal vein would theoretically improve the oncological
[28]
outcomes. Another typical study
also revealed that
the 5-year overall survival and disease-free survival rates
were not significantly decreased in HCC patients with
PVTT extended to the bifurcation of the portal vein if en
bloc resection was selected. However, the decision of
such surgical manipulations could be based on various
factors including the surgeon’s expertise in portal vein
resection and reconstruction as well as the nature of the
thrombus and no randomized controlled trial had been
done to compare these techniques.

“THROMBECTOMY FIRST” INSTEAD OF
“LIVER RESECTION FIRST”
Most surgical procedures are “liver resection first”

Most of the studies report that the prognosis is poor for
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A

B

RHA

RHD

C

LPV

HA-HD flap

D

Thrombus

RPV
MPV

RPV opening

E

RPV opening

Figure 1 The “thrombectomy first” approach. A: The right hepatic artery (RHA) was isolated and dissected. B: The right hepatic duct (RHD) was isolated and
dissected. C: The left portal vein (LPV), right portal vein (RPV) and the main portal vein (PV) were clearly revealed by dissecting the hepatic artery-hepatic duct (HAHD) flap. D: The tumor thrombus in the RPV and main portal vein (MPV) was extracted. E: The tape of LPV and PV were both released to flush the remnant tumor
thrombus. RHA: Right hepatic artery; RHD: Right hepatic duct; LPV: Left portal vein; RPV: Right portal vein; PV: Portal vein; MPV: Main portal vein; HA-HD: Hepatic
artery-hepatic duct.

and MPV by vascular slings continued prior to ligation of
the RPV distant to the bifurcation, followed by clamping
of the LPV and MPV distal to the PVTT (Figure 1C). The
anterior wall of the RPV was opened to a 1 cm distance
to the confluence (the incision could be extended to the
portal trunk longitudinally if necessary). The PVTT in the
RPV and MPV was then extracted from the opening (Figure
1D), followed by flushing the potential residual tumor
thrombus by the portal vein blood flow by releasing
the vascular occlusion band of the MPV. The MPV was
occluded again, and the PVTT in the LPV was extracted.
The left remnant tumor thrombus was flushed by the
reverse portal vein blood through releasing the vascular
occlusion band of LPV (the left hepatic artery was not
occluded), and a catheter was used to help flushing
when necessary. After flushing and confirming that no
PVTT remained (Figure 1E), the stump was closed by a

HA-HD flap

HA-HD flap is ready to be lifted

Figure 2 The hepatic artery-hepatic duct flap was ready to be lifted. HAHD: Hepatic artery-hepatic duct.

dissection and taping of the RPV, the left portal vein (LPV)
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Table 1 Clinical characteristics of the three cases
Gender
M

M

M

Age

HBV

Tumor
location

Tumor size

PVTT
classification

Operation

Pre-op
treatment

Post-op
treatment

Tumor
recurrence

Survival time
(mo)

40

+

Right
liver

8 cm × 6 cm

Type Ⅳ or Vp4

Thrombectomy
and right
hemihepatectomy

TACE (once)

TACE (4 times)

No

162 (still alive)

Right
liver

6 cm × 6 cm

(right branch
extending to the
main PV)
Type Ⅲ or Vp4

Thrombectomy
and right
hemihepatectomy

TACE (once)

TACE (twice)

No

108 (still alive)

Left
liver

20 cm × 16 cm

(left and right
branch)
Type Ⅳ or Vp4

Thrombectomy
and left
hemihepatectomy

No

TACE (once)

No

55 (still alive)

52

50

+

+

(left branch and
main PV)

M: Male; HBV: Hepatitis B virus; TACE: Transcatheter arterial chemoembolization; PV: Portal vein; PVTT: Portal vein tumor thrombus.

LPV

HA

HA-HD flap
MPV and CBD
RPV

MPV

Tape for inflow blood occlusion

Flap lifted to show the underneath PV RPV LPV

Simplified MPV occlusion keeping HA blood flow

Figure 5 A simplified method to occlude the main portal vein while
keeping hepatic artery blood flow. HA: Hepatic artery; MPV: Main portal vein;
CBD: Common bile duct.

Figure 3 The hepatic artery-hepatic duct flap was lifted to show the portal
vein, right portal vein, and left portal vein. RPV: Right portal vein; LPV: Left
portal vein; MPV: Main portal vein; HA-HD: Hepatic artery-hepatic duct.

When blocking the MPV, the HA blood flow should be not
occluded to protect remnant liver function. If the MPV
was difficult to dissect, the selected portal vein occlusion
method was used by isolating the common hepatic artery
and occluding the portal trunk and common hepatic duct
together (Figures 4 and 5).
We have performed the “thrombectomy first” ap
proach at two campuses of the Second Hospital affi
liated with Zhejiang University School of Medicine, two
campuses of the Sir Run Run Shaw Hospital affiliated
with Zhejiang University School of Medicine and Yuebei
People’s Hospital affiliated with Shantou University
School of Medicine for roughly 15 years. Detailed data is
still being collected and analyzed (unpublished), but we
would like to share three typical Cheng’s Type Ⅲ/Ⅳ (Vp4)
cases that had long-term survival. The disease-free sur
vival time was 13, 9 and 4.6 years, respectively (Table 1).
Case 1 (Figure 6, the pictures were taken by camera
13 years ago and had poor quality): A 40-year-old man
had HBV infection for more than 10 years. The CT scan
showed an 8 cm × 6 cm mass with satellite lesions in
the right liver, and tumor thrombus was found in the
right branch of the portal vein and extended to the MPV,
and the liver function was Class A according to ChildPugh classification. The patient was diagnosed with
HCC-PVTT and received TACE once before surgery.

Simplified MPV occlusion keeping HA blood flow

Figure 4 A simplified method to occlude the main portal vein while
keeping hepatic artery blood flow. MPV: Main portal vein; HA: Hepatic artery.

continuous Prolene suture, and the vascular occlusion
was released. If the tumor thrombus strongly adhered to
the portal vein wall, resection of the portal vein would be
required. Direct end-to-end anastomosis was conducted
to reconstruct the portal vein with the use of a 6/0 Pro
lene continuous suture. After suturing, the right liver was
mobilized and transected via standard procedure, or the
anterior approach was performed using PMOD (Peng’
s Multiple Operative Dissector). To achieve long-term
survival, the thrombectomy must be completely cleared.
A key element to successfully performing the operation
is doing so with no time pressure to prevent sloppiness.
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A

B

C

Thrombus

T
PVTT
PV opening

Figure 6 Case 1. A: The computed tomography scan showed tumor thrombus in the right portal vein. B: Transcatheter arterial chemoembolization was performed
before the operation. C: The thrombus was extracted from the right portal vein opening. PV: Portal vein; PVTT: Portal vein tumor thrombus.

A

B

PVTT

PVTT

T

C

D

LPV

RPV

LPV tape

RPV

MPV

MPV tape

PMOD

E

LPV tape

F
Thrombus

MPV

RPV

MPV
RPV stump
sutured
RPV cut open and thrombus shown

Figure 7 Case 2. A: The computed tomography scan showed tumor thrombus in the right portal vein (RPV) and portal vein (PV). B: Transcatheter arterial
chemoembolization was performed before the operation. C and D: The left portal vein (LPV), RPV and PV were clearly revealed by dissecting the hepatic arteryhepatic duct flap. E: The LPV and PV were taped. F: Tumor thrombus in the RPV and PV was extracted. G: The tumor thrombus in the LPV was extracted, and the
RPV stump was closed. H: Live transection was performed by the anterior approach. PV: Portal vein; PVTT: Portal vein tumor thrombus; RPV: Right portal vein; LPV:
Left portal vein; MPV: Main portal vein; HA-HD: Hepatic artery-hepatic duct.

The “thrombectomy first” approach plus right hemi–
hepatectomy was performed in February 2005. The
patient recovered smoothly after surgery and continued
with TACE treatment four times after the operation.
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The patient is still alive and working normally without
recurrence.
Case 2 (Figure 7): A 52-year-old man had HBV in
fection for more than 15 years. The CT scan showed a 6
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A

use.

B

CONCLUSION

C

D

HCC with PVTT is not a surgical contraindication, and
the accumulation of experience and development of
technology favor surgical treatments. Treatment guide
lines led by China and Japan have confirmed the thera
peutic effects of surgical treatment in TypeⅠ/Ⅱ, but
the benefit of surgical treatment for Type Ⅲ/Ⅳ is still
controversial. Through our experience, we have found
that the appropriate surgical approach, especially the
new “thrombectomy first” method, would remarkably
improve the survival outcomes in patients with Cheng’s
Ⅲ/Ⅳ PVTT.

PVTT
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Figure 8 Case 3. A: The computed tomography scan showed the left
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reconstruction of tumor thrombus in the LPV and PV. PVTT: Portal vein tumor
thrombus.
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Abstract
rd

Hepatocellular carcinoma (HCC) is the 3 leading cause
of cancer-related death worldwide. More than 80% of
HCCs arise within chronic liver disease resulting from
viral hepatitis, alcohol, hemochromatosis, obesity and
metabolic syndrome or genotoxins. Projections based
on Western lifestyle and its metabolic consequences
anticipate a further increase in incidence, despite
recent breakthroughs in the management of viral
hepatitis. HCCs display high heterogeneity of molecular
phenotypes, which challenges clinical management.
However, emerging molecular classifications of HCCs
have not yet formed a unified corpus translatable to
the clinical practice. Thus, patient management is
currently based upon tumor number, size, vascular in
vasion, performance status and functional liver reserve.
Nonetheless, an impressive body of molecular evidence
emerged within the last 20 years and is becoming
increasingly available to medical practitioners and
researchers in the form of repositories. Therefore, the
aim this work is to review molecular data underlying
HCC classifications and to organize this corpus into the
major dimensions explaining HCC phenotypic diversity.
Major efforts have been recently made worldwide toward
a unifying “clinically-friendly” molecular landscape. As a
result, a consensus emerges on three major dimensions
explaining the HCC heterogeneity. In the first dimension,
tumor cell proliferation and differentiation enabled
allocation of HCCs to two major classes presenting
profoundly different clinical aggressiveness. In the
second dimension, HCC microenvironment and tumor
immunity underlie recent therapeutic breakthroughs
prolonging patients’ survival. In the third dimension,
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metabolic reprogramming, with the recent emergence of
subclass-specific metabolic profiles, may lead to adaptive
and combined therapeutic approaches. Therefore, here
we review recent molecular evidence, their impact on
tumor histopathological features and clinical behavior
and highlight the remaining challenges to translate our
cognitive corpus into patient diagnosis and allocation to
therapeutic options.

become increasingly relevant for diagnosis and allocation
[6-8]
to treatments in early-stage HCCs
. Surveillance
programs currently detect small early-stage tumors
that are candidates for potentially curative therapies
(local ablation, resection or transplantation) with 5-year
survival rates of approximately 50%-70%. However, high
5-year recurrence rates (up to 70%) after HCC resection
or even higher after percutaneous ablation make liver
transplantation the best possible treatment, with a
[2]
recurrence rate of 10% . As a result, the prediction
of early recurrence and of the potential for cancer
aggressiveness are key factors leading patient eligibility
[4]
for liver transplantation . Therefore, gaining insight
into the diversity of HCC phenotypes and deepening
our understanding of the mechanisms of progression
from low-grade HCCs to aggressive tumors, that will
ultimately kill the patient, will shed basic knowledge to
[4,7,9]
improve patient management
. Systemic therapies
for intermediate and advanced HCC patients not eligible
for surgical approaches have made encouraging progress
in the past 10 years. Sorafenib was the first systemic
[10-12]
therapy to be approved in HCC
. Then, regorafenib
and nivolumab were approved in the second-line setting
after sorafenib, significantly improving the original
[13]
survival benefit . Importantly, HCC patients presenting
beyond transplant or resection eligibility may benefit
from locoregional therapies [tumor ablation, transarterial
chemoembolization (TACE) and radioembolization
with yttrium-90 microspheres (Y90)], according to
[14]
recent Clinical Practice Guidelines . Whereas tumor
ablation is recommended as a first-line therapy for
[14]
early-stage HCC ; TACE has been recommended for
[14]
intermediate-stage HCC . Y90 has been investigated
as an alternative to TACE, with a good safety profile in
[15]
delaying tumor progression
and has been proposed
as a treatment of choice for down-staging HCC patients
[16]
as a bridging strategy toward liver transplantation .
However, Y90 has not shown overall survival benefit
over sorafenib in intermediate and locally advanced HCC
[14,17]
patients after unsuccessful TACE
.
The well-recognized phenotypic and genetic heter
ogeneity of HCCs occurs after a marathon of cellular
changes driven by chronic inflammation, which progre
ssively leads to severe fibrosis and profound remodeling
of the tissue architecture. The two major consequences
of this process are impaired liver function and the
[18]
emergence of HCC . In fact, chronic liver inflammation
and progressive liver fibrosis generate a pro-tumorigenic
[19,20]
microenvironment known as “the field effect”
,
whereby the diseased liver turns into a “minefield”
riddled with pre-neoplastic and neoplastic foci. This
longtime process can explain the relatively important
number of mutations within each tumor, approximately
[21-23]
40
, and the high heterogeneity between patients, as
[3,24,25]
well as the frequent intra-tumor heterogeneity
.
HCC heterogeneity is also amplified by the potential
multiplicity of cell origin. One possibility for hepatocellular
carcinogenesis is a well-established multistep process

Key words: Liver metabolism; Liver zonation; Hepa
tocellular carcinoma classification; Wnt/β-catenin;
TP53 ; Tumor microenvironment; Inflammation; Tu
mor immunity; Hepatocyte proliferation; Hepatocyte
differentiation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent work revealed substantial steps
toward a unifying molecular classification of human
hepatocellular carcinomas. The expected translation
of high-throughput assays to the clinical practice will
further refine evidence-based patient management in
terms of prognosis and response to treatment.
Désert R, Nieto N, Musso O. Dimensions of hepatocellular
carcinoma phenotypic diversity. World J Gastroenterol 2018;
24(40): 4536-4547 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i40/4536.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4536

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading
[1]
cause of cancer-related death worldwide and its in
cidence has doubled over the past 20 years in Western
countries. More than 80% of HCCs emerge within chronic
inflammatory liver diseases resulting from chronic viral
hepatitis, alcohol abuse, hemochromatosis, obesity
and metabolic syndrome or DNA-damaging food or en
vironmental toxins. Based on the current epidemics of
obesity and metabolic syndrome in the Western world,
projections anticipate an increase in HCC incidence,
despite recent breakthroughs in the management of
[2]
viral hepatitis . HCCs display a high heterogeneity of
molecular phenotypes, which raises major challenges in
[3]
clinical management . Currently, patient management
is based on tumor number, size, vascular invasion,
[2]
performance status and functional reserve of the liver .
A further obstacle complicating the understanding of
basic human HCC biology (and of patient management)
is that liver biopsy cannot routinely be used for HCC
[4,5]
diagnosis because of the risk of complications . Thus,
surveillance for HCC emergence in patients with chronic
liver diseases relies on biannual ultrasound or magnetic
resonance imaging (MRI). As a surrogate for tumor liver
biopsy, functional MRI-based metabolic imaging will
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Poorly differentiated human HCCs also matched a MET
[39]
activation signature in genetically modified mice .
Moreover, integration of gene expression data from fetal
hepatoblasts and adult hepatocytes with 61 cases of
human HCCs revealed a group sharing gene expression
[40]
patterns with fetal hepatoblasts . These tumors fell into
the category of proliferative poorly differentiated HCCs
(cluster A). These pioneering studies shed light on a first
layer of HCC heterogeneity and set the basis for the wellestablished classification of HCCs into two classes: nonproliferative and proliferative. Proliferative tumors are
in general poorly differentiated, highly aggressive and
associated with unfavorable patient outcome. On the
other hand, non-proliferative HCCs tend to preserve a
certain degree of hepatocyte differentiation and they are
[2,9]
associated with more favorable patient outcome .
Further work searched for underlying dimensions that
could explain phenotypic diversity within proliferative and
non-proliferative HCCs by combining analysis of tumor
transcriptomics’ programs and genetic mutations. Fiftyseven HCCs were classified into six groups (G1 to G6) and
the expression of genes of interest was confirmed by real
time qPCR in an independent collection of 63 HCCs. The
aim of this approach was two-fold: first, to gain insight
into the mechanisms leading to HCC heterogeneity;
second, to find molecular markers enabling researchers,
surgeons and oncologists to identify patients who may
benefit from adaptive therapeutic approaches. However,
one of the major pitfalls of biomarker identification is that
the number of features (genes) entering the analysis
is exceedingly higher than the number of observations
(patients/tumors), which involves the risk of generating
overfitting models. Overfitting may lead the classifiers
to better describe a particular set of observations, but
may not be equally performant to describe and classify
sets of observations collected in different contexts.
To circumvent this pitfall, statistical methods such as
partial least squares are used to reduce the number
[41-43]
of discriminant genes
. Importantly, the Reporting
Recommendations for Tumor Marker Prognostic Studies
(REMARK) criteria are applied to warrant that a set
[44,45]
of markers performs consistently
. These include,
among other recommendations, the use of training and
validation sets to ensure consistency of results, followed
by reproducibility studies in external validation cohorts.
Applying these procedures, studies revealed group
G1, expressing high AFP levels in young women;
group G2 associated with hemochromatosis and both
groups G1 and G2 showing AKT activation as well as
frequent AXIN1 mutation. G2 and G3 tumors were
enriched in TP53 mutations, G3 containing the most
poorly differentiated HCCs. Together, G1, G2 and G3
HCCs shared activation of biological pathways leading
to cell proliferation and chromosome instability. G4
was a heterogeneous group of HCCs. Finally, groups
G5 and G6 were associated with CTNNB1 mutation,
which occurs in 30%-40% of HCCs, and showed strong
[9,42]
expression of β-catenin target genes
. These tumors

Table 1 Molecular classifications of human hepatocellular
carcinomas
First author Year

Number
of HCCs

Number
of groups

Lee
Boyault
Chiang

2004
2006
2008

91
56
91

2
6
5

Hoshida
Désert
TCGA
network

2009
2017
2017

232
1133
559

3
4
3

Class/subclass
names

Ref.

Cluster A-Cluster B [36,37]
G1-G6
[42]
CTNNB1[58]
proliferation
S1-S3
[59]
PP-PV-ECM-STEM
[43]
iCluster 1-iCluster 3 [92]

HCCs: Hepatocellular carcinomas; TCGA : The Cancer Genome Atlas;
CTNNB1: Gene encoding β-catenin; PP: Periportal; PV: Perivenous; ECM:
Extracellular matrix; STEM: Stem/progenitor cells.

defined by a precise sequence of lesions, from cirrhosis
to low-grade, then high-grade dysplastic nodules followed
[9]
by early and advanced HCC . This process is strongly
[26]
enhanced by the TERT promoter mutation
and by
[27]
MYC activation and may involve retro-differentiation of
hepatocytes to liver progenitor cells in an inflammatory
[28-31]
environment
. In a different pathological context,
HCCs can result from the malignant transformation of
a hepatocellular adenoma carrying exon 3 mutations of
[32]
CTNNB1, the gene encoding β-catenin . Regardless
of the case, a parallel can be stablished between the
diversity of histopathological patterns of HCCs observed
in the routine Anatomic Pathology laboratory and specific
[33-35]
molecular programs
.
HCC classifications (Table 1) have revealed multi
dimensional mechanisms leading to HCC heterogeneity.
Here, we provide an overview of the major dimensions
explaining the HCC phenotypic diversity with the aim of
providing a unifying perspective of HCC classifications.

TUMOR CELL PROLIFERATION AND
DIFFERENTIATION
Pioneering transcriptomics studies classified 91 HCCs
[36]
into two groups: Cluster A and Cluster B . Cluster A
showed high alpha fetoprotein (AFP), high EdmondsonSteiner’s scores indicating low cyto-architectural di
fferentiation and unfavorable survival. These clinical
features correlated with high expression of genes
associated with cell proliferation and low hepatocyte
differentiation. By contrast, genes typical of cluster B
were liver-specific, indicating that these tumors were
composed of well-differentiated, hepatocyte-like cells.
Subsequent studies integrated the gene expression
program of the 91-HCC dataset with the orthologous
[37]
genes from several mouse models , whereby poorly di
fferentiated human HCCs matched Myc-Tgfα transgenic
mice. These mice typically showed early and high incidence
rates of HCC development with ensuing high mortality.
Their HCCs showed high rates of genomic instability and
[38]
of expression of transcripts indicating poor prognosis .
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[9]

fit within the non-proliferative HCC class because they
proliferate at lower rates than G1-G3 tumors and tend to
show higher cyto-architectural differentiation. However,
two studies analyzing three different cohorts totaling
819 patients demonstrated that HCCs with mutated
CTNNB1 do not differ in clinical outcome from HCCs
[43,46]
with wild-type CTNNB1
. In fact, the survival curves
and clinical features of patients undergoing resection of
HCCs with mutated CTNNB1 suggest that the intrinsic
aggressiveness of these tumors is intermediate between
well-differentiated, non-proliferative HCCs with wildtype CTNNB1 and poorly-differentiated, proliferative
[43,47]
HCCs
.
As AXIN1 is part of the molecular scaffold involved
in β-catenin inactivation, it was first suggested that
AXIN1 mutations, which occur in 10% of HCCs, would
[48,49]
lead to activation of the β-catenin pathway in HCCs
.
However, later studies showed no association between
AXIN1 mutations and activation of the β-catenin pathway
[50]
in HCCs . Indeed, AXIN1 deficiency induces HCCs
in mice in the absence of activation of the β-catenin
[51]
pathway . HCCs with mutated AXIN1 differ in histology,
genomic signature and outcome from those with CTNNB1
[51]
mutations . Indeed, AXIN1-mutated HCCs impact the
[51]
Notch and YAP pathways . By contrast, although APC
mutations are infrequent in HCCs (1%-2%), they are
[52,53]
associated with activation of the β-catenin pathway
.
The analysis of the clinical features associated with
G1 to G6 subgroups in a cohort of 82 HCC patients
[54]
from Singapore
confirmed the significant correlation
between high AFP and groups G1 and 2, and showed an
association between microvascular invasion and group
G3. In a large cohort of 343 HCCs, associations were
confirmed between the groups G1-G6 and clinical and
[34]
pathological features as well as genetic aberrations . G1
tumors were associated will female gender and high AFP,
showed strong levels of KRT19, EPCAM and phosphoERK protein expression. Also, groups G1 and G2 were
enriched in AXIN1 mutations. Group G3 confirmed a
high rate of macrovascular invasion and were associ
ated with macrotrabecular massive subtype and poor
[33,34]
outcome
. Groups G1, G2 and G3 had increased AFP
serum levels and high TP53 mutation rates. On the other
hand, group G4 was negatively associated with tumor
size, vascular invasion, CTNNB1 and TP53 mutations and
positively associated with the steatohepatitic subtype,
inflammatory infiltrates and CRP protein expression.
Groups G5 and G6 showed a high CTNNB1 mutation
rate (80%), were positively associated with tumor
differentiation and, by immunohistochemistry, were
positive for β-catenin in the nuclei and cytoplasm and
for GLUL (glutamine synthetase), a β-catenin target
[33,34,50]
gene expressed in well-differentiated hepatocytes
.
Finally, patients with G3 HCCs showed early tumor
recurrence after resection and poor overall survival by
univariate and multivariate analysis in a large cohort of
[55]
244 HCCs .
Taken together, a vast body of evidence confirms
that HCCs can be grouped in two large classes: non-
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proliferative and proliferative (Figure 1), which are,
respectively, well-differentiated and poorly differentiated
[2,9,31,47,56-58]
tumors
. Proliferative and non-proliferative
HCCs are respectively characterized by almost mutually
exclusive mutational patterns. Indeed, CTNNB1 and
TP53 mutations rarely coexist; they are respectively
associated with the non-proliferative and prolifera
[31,52,56,57]
tive HCC classes
. Non-proliferative, well-tomoderately differentiated HCCs, with low AFP serum
[42]
[59,60]
[36,40]
levels match groups G5-G6 ; S3
and B
. Our
recent work showed that the class of non-proliferative
HCCs can be split into two subclasses: Periportal-type
(wild-type CTNNB1) and Perivenous-type (mutated
CTNNB1), according to their respective metabolic liver
zonation programs (Figure 1). Of note, patients under
going resection of Periportal-type HCCs showed the
lowest early (< 2 years) recurrence and the highest
survival rates among all HCC patients treated by tumor
[43,47]
resection in two cohorts of 247 and 210 subjects
. At
the opposite, proliferative HCCs are poorly differentiated
[42]
and highly aggressive. They match the G1-G2-G3 ,
[59,60]
[36,40]
[43]
S1-S2
, A
and ECM-STEM
subclasses and
form a consensual class of tumors sharing a common
background of large tumor size, high TP53 mutation
rates, with loss of the hepatocyte-like phenotype, high
AFP serum levels, extracellular matrix remodeling and
[61-63]
angiogenesis
. Of note, the relationships between
tumor size, differentiation, proliferation and develop
ment of a rich vascular network enabling tumor growth
had been illustrated before the advent of molecular
HCC classifications. In fact, modeling of HCC growth
revealed two curves which were anti-parallel, but had
[64]
similar slopes . The first represented the loss of the
hepatocyte-like phenotype through the expression of a
liver-specific gene marker. The second represented the
increase in tumor size and in the density of the vascular
[64]
network . Further studies revealed that this pattern
was concomitant with an increase in extracellular matrix
[65,66]
remodeling
, suggesting plasticity of the tumor mi
croenvironment across HCC progression.

TUMOR MICROENVIRONMENT:
INFLAMMATION, FIBROSIS AND
IMMUNITY
HCC classification based on three publicly available
transcriptome datasets (90, 82 and 60 HCCs, respec
tively) applying three unsupervised clustering methods
(hierarchical clustering, non-negative matrix factorization
and k-means clustering) defined HCC subclasses inde
pendently in the training sets before integration by
[59]
a subclass mapping algorithm . Three robust sub
classes (S1, S2 and S3) were validated in six datasets
(totaling 371 HCCs). Further work using whole genome
sequencing and transcriptomics in 88 human HCCs
confirmed that the outcome of the S1 and S2 subclasses
[67]
was less favorable than that of the S3 subclass . The S1
subclass was associated with signatures of Wnt/β-catenin,
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HCC classes

Subclasses

Clinical features

Non-proliferative phenotype

Periportal
type

Perivenous
type

Good outcome
and
differenciation

Moderate
outcome and
differenciation

Low AFP
High mutatian rates

Proliferative phenotype

Poor outcome
High AFP
Moderate-to-poor differenciation

TP53

CTNNB1

Cluster A

Cluster B

Classification matches

G5-G6

G1-G2-G3

CTNNB1

Proliferation

S3
PP

Stem
progenitors

Wnt-TGFβ

PV
iCluster 2

S1

S2

ECM

STEM

iCluster 3

iCluster 1

Figure 1 Toward a unifying molecular classification of human hepatocellular carcinomas. Two major hepatocellular carcinoma (HCC) classes, non-proliferative
and proliferative can be subdivided into four subclasses. Non-proliferative, well-differentiated HCCs comprise two subclasses with mutually exclusive metabolic
features and regulatory signaling pathways: Periportal-type (HNF4α-driven) and Perivenous-type (β-catenin-driven). Proliferative, moderately-to-poorly differentiated
HCCs comprise two subclasses: Wnt/TGF-β (regulated by interplays between Wnt and TGF-β ligands, leading to expression of extracellular matrix glycoproteins)
and Stem/Progenitors (showing features of liver progenitor cells). Major clinical features, gene mutations and matches between the different HCC classifications
are indicated. HCC: Hepatocellular carcinoma; TGF-β: Transforming growth factor beta; AFP: Alpha-fetoprotein; CTNNB1: Gene encoding β-catenin; TP53: Gene
encoding p53; PP: Periportal; PV: Perivenous; ECM: Extracellular matrix; STEM: Stem/progenitor cells.

location of β-catenin to the cell nuclei, indicating activation
[68]
of the Wnt/β-catenin pathway . These cells express a
transcriptomic program that matches the S1 subclass of
[28,29]
HCCs
. In vitro modeling of the microenvironment
of the S1 subclass of HCC by incubating HepaRG liver
progenitor cells with soluble Wnt3a ligand enhances
and perpetuates the S1-like HCC phenotype, increasing
HCC cell proliferation, invasive activity and driving the
expression of extracellular matrix remodeling genes,
as well as progenitor/stem cell markers associated
[69]
with signatures of unfavorable HCC outcome . This
molecular phenotype can be reverted in vitro with small
interfering RNAs targeting β-catenin, as well as with the
soluble Wnt inhibitors FZD7_CRD and FZD8_CRD, that
block the interaction of Wnt ligands with their cognate
[69]
FZD receptors .
Although HCC are soft, cellular tumors with very
scant extracellular matrix, some HCCs contain intratumor foci enriched in extracellular matrix glycoproteins,
myofibroblasts and stem/progenitor cell markers that we
[69]
called “fibrous nests” . HCCs containing fibrous nests
express high levels of the Wnt2 ligand, the FZD1 and
FZD7 receptors, the Wnt inhibitors SFRP1, 2, 5; DKK1,
the β-catenin target genes CD44, LEF1, LGR5, SOX9,
GPC3 and, in particular, a minimal signature composed
of COL4A1, LAMC1, DKK1 and SFRP1, associated with
[69]
poor HCC outcome . Of note, although the Wnt3
[70]
ligand is up-regulated in HCCs , HCCs containing
[35]
fibrous nests are enriched in Wnt2 (and not Wnt3) .

transforming growth factor beta (TGF-β) activation,
epithelial-to-mesenchymal transition, vascular invasion
and early recurrence by univariate and multivariate
analyses.
It is interesting to note that both the S1 and S3
[59]
subclasses showed β-catenin pathway activation .
However, the mechanisms of pathway activation and the
target genes responding to such stimuli were shown to
be quite different. In the S3 subclass of non-proliferating,
well-differentiated HCCs, grossly 50% of HCCs carried
CTNNB1 mutations and expressed the so-called “liverspecific” β-catenin target genes, involved in hepatocyte
[59]
metabolism, such as GLUL . By contrast, the S1 sub
class was not enriched in CTNNB1 mutations and ex
pressed high levels of “classical Wnt genes”, i.e., Wnt
targets involved in tumor cell proliferation, angiogenesis,
epithelial-to-mesenchymal transition and extracellular
[60]
matrix remodeling, such as CCND1, VEGF and MMP7 .
In HCCs of the S3 subclass, activation of the β-catenin
pathway results from CTNNB1 mutations in exon 3. By
contrast, in HCCs of the S1 subclass activation of the
β-catenin pathway was associated with upregulation in
the expression of Wnt ligands, FZD receptors and TGFB1
target genes, that suggested Wnt/TGFB1 pathway cross[60]
talks . In vitro, well-differentiated hepatocyte-like
HepaRG human HCC cells (wild-type CTNNB1), when
plated at low density, spontaneously retro-differentiate to
liver progenitors through a transient phase of epithelialto-mesenchymal transition. This process involves trans

WJG|www.wjgnet.com

4540

October 28, 2018|Volume 24|Issue 40|

Désert R et al . Diversity of HCC phenotypes
In fact, Wnt2 is expressed by liver endothelial cells and
stimulates liver regeneration from progenitor cells upon
[71]
tissue damage . In addition, Wnt2 secreted by tumor
[72]
fibroblasts promotes progression of esophageal cancer .
These mechanisms are in line with the evidence that
progenitor cell markers predicted outcome in 132 HCC
[73]
patients undergoing liver transplantation .
The above body of evidence points to the clinical
relevance of inflammation and the immune response
of the host to the emergence and progression of HCCs.
Transcriptomics analysis of a training set of 228 and a
validation set of 728 HCCs revealed that approximately
25% of the tumors exhibit an immune profile compatible
with a favorable response to immunotherapy, i.e.,
expression of the immune checkpoint modulators
Programmed Death-Ligand 1 (CD274, a.k.a., PDL1) and
[74]
Programmed Cell Death 1 (PDCD1, a.k.a., PD1) . Thus,
25% of HCCs can be considered as the Immune HCC
class, which contains two subtypes, exhibiting markers
of adaptive T-cell response (active immune response)
or of T-cell exhaustion (exhausted immune response).
The latter may result from TGFB1 signaling mediating
immunosuppression and is associated with S1 (i.e.,
Wnt/TGFB1-type) HCCs. The potential clinical relevance
of these findings resides in the identification of an HCC
class that may predict responses to checkpoint inhibitors
[75,76]
in terms of survival benefits
. At least 80% of HCCs
worldwide arise in a background of chronic inflammation
and immune reactivity; thus, inflammatory mediators
in the underlying non-tumor liver impact cancer HCC
[19,77]
aggressiveness
. Cross-talk between the HCC cells
and their microenvironment affect numerous biological
functions. Therefore, it is not surprising that a wealth of
transcriptome-based studies have identified signatures
[78]
[79]
reflecting vascular invasion , metastasis
or an
[80]
giogenesis
in patients with HCC with poor outcome.
[81]
HCCs expressing cholangiocarcinoma traits , as well
as those expressing the stem/biliary epithelial marker
[82,83]
EPCAM
had also poor outcome, as well as a subset
of HCCs expressing a signature reflecting late Tgfb1
[84]
activation in mice . Most of these signatures were
[55]
compared in a large cohort of 287 HCCs . The study
showed that most of the signatures fell within the same
[42]
[58]
group of tumors, matching G3 , proliferation class ,
[59]
and S1-S2 HCC subclasses. Therefore, inflammation,
fibrosis and immunity are important components highly
related to HCC phenotypic diversity.

with reduced tricarboxylic acid (TCA) cycle activity.
These changes were accompanied by increased levels
of antioxidant molecules such as glutathione, as well as
by lower levels of inflammatory-related polyunsaturated
fatty acids. In particular, betaine and propionyl
carnitine were proposed as markers to distinguish HCC
[87]
from chronic hepatitis and cirrhosis . A large-scale
multicenter serum metabolite biomarker study identified
a metabolite panel of interest in the detection of early
[88]
HCC in patients at risk . Combined transcriptomics
and metabolomics in two tumor collections of 31 and 59
HCCs by gas chromatography-mass spectrometry-based
metabolomics similarly showed increased glycolysis
over mitochondrial oxidative phosphorylation and, in
particular, increased lipid catabolism in the subgroup G1
[89]
of HCCs . A transcriptomics study of 2761 metabolic
genes in eight microarray datasets gathering 521
human HCCs confirmed down-downregulation of genes
involved in physiologic hepatocyte metabolic functions,
such as xenobiotic detoxification, fatty acid and amino
[90]
acid metabolism . The same study identified upregulation of genes involved in glycolysis, pentose
phosphate pathway, nucleotide biosynthesis, TCA cycle,
oxidative phosphorylation and glycan metabolism; with
several metabolic genes being associated with patient
[90]
outcome and tumor progression markers . These
data fit the Warburg model of energy metabolism in
cancer cells, whereby they bypass the TCA cycle and
utilize glycolysis as the primary source of energy, that
[85,86]
enables a less efficient but faster production of ATP
.
However, up-regulation of genes involved in the TCA
[90]
cycle
suggests that the metabolic landscape in HCCs
is much more complex than a simple shift from oxidative
phosphorylation to glycolysis, because cancer cells may
[85]
rely on the TCA cycle for macromolecule synthesis .
Also, β-catenin-activated HCCs are not glycolytic, but
oxidize fatty acids at high rates as an energy source,
[91]
under the control of the transcription factor PPARα .
The Cancer Genome Atlas (TCGA) research network
integrated data from multiple platforms, comprising
whole exome sequencing, copy number analysis, RNA
sequencing, microRNA sequencing, methylomics and
[57,92]
proteomics
. This network analyzed an international
cohort of 363 HCC cases by whole-exome sequencing
and DNA copy number and 196 cases by DNA me
thylation, RNA, miRNA and proteomics analysis (Table
1). This comprehensive work confirmed previous HCC
classifications (Figure 1) into two large non-proliferative
and proliferative classes and subclasses corresponding
[57,59,60]
to the S1, S2 and S3 subclasses
and identified
gene expression changes resulting from mutation or
down-regulation by hypermethylation in genes likely to
participate in metabolic reprogramming, such as ALB,
APOB and CSP1. In particular, isocitrate dehydrogenase
(IDH) mutations are associated with poor patient
[92]
outcome in the S2 HCC subclass , in line with the
previous demonstration that mutant IDH inhibits HNF4α,
[93]
thus blocking hepatocyte differentiation .
[36,40]
Well-differentiated HCCs, i.e., groups B
,

LIVER METABOLISM
Cancer cells proliferate and modify their microenvi
ronment, which leads to extracellular matrix degrada
tion, tissue invasion and metastases. These cancer cell
functions call for increased energy production and macro
molecule synthesis, which explains why malignant cells
display a profound reprogramming of their metabolic
[85,86]
pathways
. Non-targeted metabolic profiling on liquid
chromatography-mass spectrometry of 50 HCCs revealed
increased glycolysis, β-oxidation and gluconeogenesis;
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Figure 2 The dimensions of hepatocellular carcinoma phenotypic diversity. In normal liver, the interplay between HNF4A and β-catenin governs the differential
distribution of metabolic functions along the portal-to-central vein axis, which is known as liver zonation. The phenotypic spectrum of hepatocellular carcinomas across
the increasing proliferation/differentiation ratios is orthogonal to the metabolic dimension, with opposing periportal vs perivenous tumor metabolic phenotypes. The
third dimension, the tumor microenvironment, comprises specific features of tumor inflammation, fibrosis and immunity characterizing each hepatocellular carcinoma
(HCC) subclass. Adapted from Désert et al[43].
[2,42,54]

[59,60]

[57,92]

[43]

G5-G6
, S3
, iCluster2
(Figure 1) and
morphologically low-grade tumors, as defined by the
Edmondson-Steiner’s score and other histological classi
[94-96]
fication systems
are composed of hepatocyte-like
cells, which are easily recognizable by routine microscopic
analysis of standard hematoxylin-eosin stained tumor
tissue slides. Well-differentiated, hepatocyte-like HCCs
in these groups were classically described as enriched
in CTNNB1 mutations, because approximately 50% of
them presented mutations in the third exon of this gene
in humans, thus expressing a perivenous-type metabolic
program comprising β-catenin-regulated, liver-specific
genes.
In normal liver, the interplay between HNF4α and
β-catenin governs the differential distribution of metabolic
functions along the periportal to perivenous axis, which
is known as liver zonation (Figure 2). Periportal HNF4αregulated networks include such functions as aminoacid catabolism and gluconeogenesis. At the opposite,
perivenous β-catenin-regulated networks include, for
[97-100]
example, glycolysis and glutamine synthesis
.
Thus, parenchymal cells near the portal triads are called
periportal (PP) hepatocytes; whereas those close to
the centrilobular vein are known as perivenous (PV)
hepatocytes. We recently showed that well-differentiated
HCCs display mutually exclusive liver zonation programs,
i.e., they express either a periportal or a perivenous
[43]
metabolic program
and they respectively display
periportal (wild-type β-catenin) or perivenous (mutant
β-catenin) metabolic phenotypes. Periportal-type HCCs
show the highest 2-year recurrence-free survival rates by
multivariate analysis, suggesting that these tumors have
the lowest potential for early recurrence among all HCCs.
They can be identified because they express high levels
of an 8-gene signature composed of genes involved in
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periportal metabolic functions . Periportal, extracellular
matrix (ECM) and stem cell (STEM) HCC subclasses
seem to be distributed in a continuum across the
spectrum of proliferation/differentiation ratios (Figure 2).
In addition, orthogonally to the hepatocyte proliferation/
differentiation dimension, well-differentiated HCCs
[43,47]
distribute across the metabolic zonation dimension
.
This body of evidence indicates that HCC subclasses may
show specific metabolic reprogramming profiles.

CONCLUSION
Over the past decade, transcriptome-based classifications
increased our knowledge on the molecular heterogeneity
of HCCs. They demonstrated that HCCs could be divided
into two subtypes of less aggressive tumors (PP and
PV) and two subtypes of more aggressive tumors (S1
and S2 or ECM and STEM). They also showed that TP53
mutation was associated with the most aggressive
HCC subtypes and that CTNNB1 mutation defined a
homogenous subtype displaying intermediate outcomes
(Figure 1).
We can imagine a future where HCC patients would
benefit from high-throughput technologies. However,
a major obstacle complicating further understanding
of basic human HCC biology and patient management
is that liver tumor biopsy cannot routinely be used for
HCC diagnosis and follow-up because of the risk of
complications. As a surrogate for tumor liver biopsy,
MRI-based metabolic imaging may become increasingly
relevant for diagnosis and allocation to treatments in
[6-8]
early-stage HCCs . Future challenges will call for
validation of circulating protein markers and molecular
studies on liquid biopsies. Data management will call
for further bio-statistical refinements, such as defining
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standard methods enabling the classification of a single
sample by itself, without requiring an entire cohort. But
the effort could pay off.
It is however important to bear in mind three major
features in the natural history of HCCs. First, these
tumors arise in more than 80% of the cases in severely
fibrotic livers, with impaired liver function. Second,
[24,25]
HCCs show high intra-tumor heterogeneity
despite
[56]
a limited number of trunk mutational events . Third,
despite their metastatic capacity, HCC may develop
locally advanced disease given the vascular anatomy of
the liver. The natural history of HCC explains why tumor
diagnosis, staging and treatment allocation is based
upon tumor size and number, vascular invasion, location
with respect to main vascular structures, underlying
functional liver reserve and patient’s performance status.
As a consequence, liver and HCC imaging are thriving
fields of research and development. They will benefit
from statistical refinements in HCC texture analyses
[7,101,102]
by MRI
, in the light of molecular tumor profiles.
This body of cognitive data will spur translational efforts
toward evidence-based patient management.
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Second-line rescue treatment of Helicobacter pylori
infection: Where are we now?
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pylori (H. pylori ) infection following failure of first-

Te-Fu Lin, Ping-I Hsu, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, Kaohsiung
Veterans General Hospital, Kaohsiung 813, Taiwan

line eradication remains unclear. The Maastricht Ⅴ
/Florence Consensus Report recommends bismuth
quadruple therapy, or fluoroquinolone-amoxicillin triple/
quadruple therapy as the second-line therapy for H.
pylori infection. Meta-analyses have shown that bismuth
quadruple therapy and levofloxacin-amoxicillin triple
therapy have comparable eradication rates, while the
former has more adverse effects than the latter. There
are no significant differences between the eradication
rates of levofloxacin-amoxicillin triple and quadruple
therapies. However, the eradication rates of both
levofloxacin-containing treatments are suboptimal. An
important caveat of levofloxacin-amoxicillin triple or
quadruple therapy is poor eradication efficacy in the
presence of fluoroquinolone resistance. High-dose dual
therapy is an emerging second-line therapy and has
an eradication efficacy comparable with levofloxacinamoxicillin triple therapy. Recently, a 10-d tetracyclinelevofloxacin (TL) quadruple therapy comprised of
a proton pump inhibitor, bismuth, tetracycline and
levofloxacin has been developed, which achieves
a markedly higher eradication rate compared with
levofloxacin-amoxicillin triple therapy (98% vs 69%)
in patients with failure of standard triple, bismuth
quadruple or non-bismuth quadruple therapy. The
present article reviews current second-line anti-H.
pylori regimens and treatment algorisms. In conclusion,
bismuth quadruple therapy, levofloxacin-amoxicillin
triple/quadruple therapy, high-dose dual therapy and TL
quadruple therapy can be used as second-line treatment
for H. pylori infection. Current evidence suggests that
10-d TL quadruple therapy is a simple and effective
regimen, and has the potential to become a universal
rescue treatment following eradication failure by all firstline eradication regimens for H. pylori infection.
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Abstract
At present, the best rescue therapy for Helicobacter
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primary resistance to clarithromycin and low resistance to
metronidazole have been observed in Japan; moderate
resistance to clarithromycin and high resistance to
metronidazole were reported in South Korea; and
high primary resistance to both clarithromycin and
[11]
metronidazole was observed in China . High primary
resistance to both clarithromycin and metronidazole
has also been reported in some other countries, such
as Italy, Spain, Mexico and Vietnam. Low clarithromycin
resistance is generally observed in northern Europe,
[10,11]
including the Netherlands, Sweden and Ireland
.
In patients who experience eradication failure
following standard triple therapy, the rates of drug
resistance to clarithromycin, metronidazole, levofloxacin,
amoxicillin and tetracycline are 65%-75%, 30%-56%,
[12-16]
26%-37%, 0%-6.1% and 0%-10%, respectively
.
Whereas for patients who experience failure of nonbismuth quadruple therapy, the rates of drug resistance
to clarithromycin, metronidazole, levofloxacin, amoxicillin
and tetracycline are 75%, 75%, 25%, 0%, and 0%,
[17,18]
respectively
. This data implies that amoxicillin,
tetracycline and levofloxacin are good choices of
antibiotics for rescue treatment of H. pylori infection.
Point mutations play a primary role in the antimicrobial
resistance of H. pylori, and different mutations involving
the rdxA gene have been identified in metronidazole
[19]
resistant strains . Resistance to clarithromycin in H.
pylori is commonly caused by point mutations in the rrl
gene encoding two 23S rRNA nucleotides, namely 2142
[20]
and 2143 . Another mechanism associated with the
development of clarithromycin resistance is the efflux
[21,22]
pump system
. Fluoroquinolone acts on the site of
the type A DNA gyrase enzyme, which is encoded by the
[23]
gyrA gene, to inhibit DNA cleavage and rejoining . Gene
mutations in gyrA are associated with fluoroquinolone resis
tance. In particular double mutations at both N87 and D91
in gyrA have been reported to increase fluoroquinolone
[24]
resistance .

Core tip: The present article reviews current secondline anti-Helicobacter pylori (H. pylori ) regimens.
Bismuth quadruple therapy and levofloxacin-amoxicillin
triple therapy have comparable eradication rates in
the rescue treatment of H. pylori infection, while the
former has more adverse effects than the latter. Highdose dual therapy has an eradication rate comparable
with levofloxacin-amoxicillin triple therapy. Ten-day
tetracycline-levofloxacin quadruple therapy achieves
a markedly higher eradication rate compared with
levofloxacin-amoxicillin triple therapy (98% vs 69%)
in patients with failure of standard triple, bismuth
quadruple or non-bismuth quadruple therapy. In
conclusion, tetracycline-levofloxacin quadruple therapy
has the potential to become a universal second-line
treatment for H. pylori infection.
Lin TF, Hsu PI. Second-line rescue treatment of Helicobacter
pylori infection: Where are we now? World J Gastroenterol 2018;
24(40): 4548-4553 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i40/4548.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4548

INTRODUCTION
Helicobacter pylori (H. pylori) infects > 50% of humans
globally. It is a major cause of chronic gastritis, peptic
ulcer disease, gastric adenocarcinoma and gastric
[1,2]
mucosa-associated lymphoid tissue lymphoma . With
the rising prevalence of global antibiotic resistance,
the eradication rate of H. pylori with standard triple
[3]
therapy has decreased to < 80% worldwide . Although
st
there are other emerging 1 -line therapies, including
bismuth quadruple therapy and non-bismuth quadruple
(sequential, concomitant or hybrid) therapy, which can
increase the eradication rate, H. pylori eradication still
[4-7]
fails in 3%-24% of infected patients . At present, the
optimal choice for second-line anti-H. pylori therapy has
not been well established. The present article aims to
review and update the current options for second-line
therapy against H. pylori infections.

UPDATED SECOND-LINE THERAPIES
Current updated second-line therapies include bismuth
quadruple therapy, fluoroquinolone-amoxicillin triple
therapy, fluoroquinolone-amoxicillin quadruple therapy,
tetracycline-levofloxacin (TL) quadruple therapy and
high-dose dual therapy.

ANTIBIOTIC RESISTANCE IN ANTI-H.
PYLORI THERAPY

Bismuth quadruple therapy

Bismuth quadruple therapy consists of a proton pump
inhibitor (PPI), bismuth, metronidazole and tetracycline
(Table 1). The standard regimen comprises PPI
twice daily, colloidal bismuth subcitrate 120 mg four
times daily, tetracycline 500 mg four times daily and
metronidazole 500 mg three times daily for 10 to 14 d.
A pool analysis demonstrated that bismuth quadruple
therapy fails in 5%-63% of patients as a second-line
[25-27]
therapy and achieves a mean 76% eradication rate
.
Its efficacy is related to metronidazole resistance in

Causes of treatment failure of anti-H. pylori therapies
include antibiotic resistant bacteria, poor patient
compliance, low gastric pH and a high bacterial load.
Among these reasons, antibiotic resistance is the main
factor which determines the efficacy of an eradication
[8]
therapy . Primary resistance to amoxicillin is either
[9]
null or < 1% in most countries . In contrast, the rate
of primary clarithromycin-resistance ranges from 49%
[10]
(Spain) to 1% (the Netherlands) worldwide . High
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Table 1 Regimens for second-line anti-Helicobacter pylori therapy
Regimen

Drug

Bismuth-containing quadruple therapy
Levofloxacin-containing triple therapy
Levofloxacin-amoxicillin quadruple therapy
Tetracycline-levofloxacin quadruple therapy
High-dose dual therapy

PPI

Bismuth

SD, b.i.d.
SD, b.i.d.
SD, b.i.d.
SD, b.i.d.
SD, q.i.d.

120 mg, q.i.d.
120 mg, q.i.d.
120 mg, q.i.d.

Levo

Amox

500 mg, q.d.
500 mg, q.d.
500 mg, q.d.

1 g, b.i.d.
1 g, b.i.d.

Tetra

Metro

500 mg, q.i.d.

500 mg, t.i.d.

500 mg, q.i.d.
750 mg, b.i.d.

Duration of
therapy
10-14 d
10-14 d
10-14 d
10 d
14 d

PPI: Proton pump inhibitor; Levo: Levofloxacin; Amox: Amoxicillin; Tetra: Tetracycline; Metro: Metronidazole.

[28]

H. pylori strains and the duration of the regimens .
Meta-analysis of randomized controlled trials of bismuth
quadruple therapy as a rescue treatment after failure
of clarithromycin triple therapy revealed a significantly
higher eradication rate for the 14-d regimen compared
[29]
with the 7-d regimen . Therefore, it is reasonable
to encourage a 14-d regimen duration for bismuth
quadruple therapy when used as a second-line treatment
for H. pylori infection.

therapy as a rescue treatment for H. pylori infection. It
consists of esomeprazole 40 mg twice daily, tripotassium
dicitrato bismuthate 120 mg four times daily, tetracycline
500 mg four times daily, and levofloxacin 500 mg once
daily for 10 d (Table 1). The simple regimen maintains a
high eradication rate for H. pylori strains with levofloxacin
[17]
resistance . A randomized control study showed that
as a second-line anti-H. pylori treatment, 10-d of TL
quadruple therapy achieved a much higher eradication
rate compared with 10-d levofloxacin triple therapy
containing esomeprazole, amoxicillin and levofloxacin
[34]
(98% vs 68%, respectively) . Subgroup analysis
revealed that the former was superior to the latter in
patients with failure of either standard triple therapy
(100% vs 75%) or non-bismuth quadruple therapy
(95% vs 53%). There were only 7 patients recruited into
the study with eradication failure by bismuth quadruple
therapy as a first-line treatment, and both TL quadruple
and levofloxacin-amoxicillin triple therapies had a 100%
eradication rate in this subgroup of patients. The data
suggests that 10-d TL quadruple therapy is a good option
for second-line treatment after failure of standard triple,
concomitant and bismuth quadruple therapies.

Fluoroquinolone-based triple/quadruple therapy

The most commonly used fluoroquinolone-based triple
therapy is composed of levofloxacin 500 mg daily,
amoxicillin 1 g twice daily and a PPI (standard dose) twice
daily for 10 to 14 d (Table 1). Meta-analyses revealed
that levofloxacin-amoxicillin triple therapy and bismuth
quadruple therapy had comparable eradication rates,
whereas the former had fewer adverse effects than the
[30]
latter . A systemic review and meta-analysis revealed
that levofloxacin-amoxicillin triple therapy achieved an
overall eradication rate of 78% after failure of a non[31]
bismuth quadruple therapy . It was similarly effective
after failure of sequential and concomitant therapies (81%
vs 78%, respectively), and the cure rate of levofloxacinamoxicillin triple therapy following hybrid therapy was
50%.
An important drawback of levofloxacin-amoxicillin
triple therapy is poor eradication efficacy in the presence
of fluoroquinolone resistance. Bismuth salts have a
synergistic effect on antibiotics and have been used to
[32]
increase eradication rates . The Maastricht Ⅴ/Florence
Consensus Report also recommended the application
of fluoroquinolone-amoxicillin quadruple therapy as a
[31]
second-line therapy for H. pylori infection . Levofloxacinamoxicillin quadruple therapy is composed of levofloxacin
500 mg daily, amoxicillin 1 g twice daily, PPI (standard
dose) twice daily and bismuth 240 mg twice daily for 10 to
14 d (Table 1). A randomized controlled trial showed there
were no significant differences between the eradication
rates of second-line 14-d levofloxacin-amoxicillin
quadruple therapy and 14-d levofloxacin-amoxicillin
[33]
triple therapy (87% vs 83%, respectively) . However,
the former had a higher eradication rate for levofloxacin[33]
resistant strains than the latter (71% vs 37%) .

TL quadruple therapy

[17]

Recently, Hsu et al

High-dose dual therapy

High-dose dual therapy is another emerging second[35]
line treatment for H. pylori infection . The new therapy
consists of high-dose PPI and amoxicillin (Table 1), which
keep the intragastric pH higher than 6.5 regardless of
[36]
CYP2C19 genotype , and maintain a steady plasma
concentration of amoxicillin above the minimal inhibitory
[37]
concentration for H. pylori . A randomized control trial
from Taiwan revealed that 14-d high-dose dual therapy
achieved a higher eradication rate than 10-d sequential
therapy as a second-line treatment for H. pylori infection
(89% vs 52%), and had an eradication rate comparable
[35]
with 7-d levofloxacin-amoxicillin triple therapy (79%) .
Another randomized controlled trial from Germany
demonstrated that 14-d high-dose dual therapy and 14-d
bismuth quadruple therapy had comparable efficacies as
a rescue treatment for H. pylori infection (76% vs 81%,
[38]
respectively) .

TREATMENT ALGORISM
After a first failure of H. pylori treatment, if an endoscopy
is arranged, the Maastricht Ⅴ /Florence Consensus
Report recommends antimicrobial susceptibility testing

developed a novel TL quadruple
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First-line
therapy

Bismuth quadruple
therapy

Standard triple
therapy

Bismuth quadruple
therapy

Non-bismuth
quadruple therapy

Lev-Amo triple therapy
Lev-Tet quadruple therapy
Lev-Amo quadruple therapy

High dose dual therapy

Figure 1 Algorism for second-line therapy of Helicobacter pylori infection. Lev: Levofloxacin; Amo: Amoxicillin; Tet: Tetracycline.
[31]

rescue treatment for patients with eradication failure by
non-bismuth quadruple therapy (Figure 1).

(AST)
to enable tailoring of the rescue eradication
therapy. However, AST is not routinely performed in
clinical practice due to the invasiveness of the endoscopy
procedure, the availablity of laboratory culture facilities
and cost considerations. If AST data are not available,
10-d TL quadruple therapy can be used as a rescue
treatment since it achieves an eradication rate of > 90%
following failure of standard triple, concomitant and
bismuth quadruple therapies. In addition, the novel 10-d
TL quadruple regimen can maintain a high eradication
rate (> 90%) for H. pylori strains with levofloxacin
[34]
resistance . However, the choice of second line rescue
regimen also depends on regional factors. In Japan,
PPI-containing triple therapy with metronidazole and
amoxicillin is the standard second line regimen and is
covered under Japan’s national health insurance. This
second-line therapy can also achieve an eradication rate
of around 90% because metronidazole resistance rate is
relatively low in Japan.

After failure of a bismuth quadruple therapy

According to the Maastricht Ⅴ /Florence Consensus
[31]
Report , fluoroquinolone-containing triple or fluoroquino
lone-amoxicillin quadruple therapy can be recommended
for patients with eradication failure by bismuth quadruple
therapy for H. pylori infection. As both TL quadruple and
levofloxacin-amoxicillin triple therapies achieved a 100%
cure rate in this setting. TL quadruple therapy may also
be considered as an option for the rescue treatment of
bismuth quadruple therapy (Figure 1).

CONCLUSION
The current updated second-line therapies include
bismuth quadruple therapy, fluoroquinolone-amoxicillin
triple therapy, fluoroquinolone-amoxicillin quadruple
therapy, TL quadruple therapy and high-dose dual
therapy. Ten-day TL quadruple therapy has great
potential to become a universal rescue treatment
following eradication failure by all first-line eradication
regimens for H. pylori infection, and warrants further
investigation.

After failure of a standard triple therapy

According to the Maastricht Ⅴ /Florence Consensus
[31]
Report , bismuth-containing quadruple therapy, fluoro
quinolone-containing triple therapy or fluoroquinoloneamoxicillin quadruple therapy are recommended following
failure of standard triple therapy. As TL quadruple therapy
achieves a higher eradication rate than levofloxacin triple
therapy, and high-dose dual therapy has a comparable
eradication rate with levofloxacin-amoxicillin triple therapy
[34,35]
in patients with failure of standard triple therapy
,
both TL quadruple and high-dose dual therapies can be
recommended as a rescue regimen following failure of
standard triple therapy (Figure 1).
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Abstract
AIM
To investigate how natural killer (NK) cells are affected
in the elimination of hepatitis C virus (HCV) by
sofosbuvir/ledipasvir, two highly effective direct-acting
antivirals (DAAs).

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of Peking
University People’s Hospital.
Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS
Thirteen treatment-naïve and treatment-experienced
chronic hepatitis C (CHC) patients were treated with
sofosbuvir/ledipasvir, and NK cells were detected at
baseline, weeks 2, 4, 8 and 12 during therapy, and
week post of treatment (Pt)-12 and 24 after the end
of therapy by multicolor flow cytometry and compared
with those from 13 healthy controls.

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/

RESULTS
All patients achieved sustained virological response.
bright
There was a significant decline in CD56
NK cell
frequencies at week 8 (P = 0.002) and week 12 (P =
0.003), which were altered to the level comparable
to healthy controls at week Pt-12, but no difference
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was observed in the frequency of CD56 NK cells.
Compared with healthy controls, the expression levels
of NKG2A, NKp30 and CD94 on NK cells from CHC
patients at baseline were higher. NKG2A, NKp30 and
CD94 started to recover at week 12 and reached the
levels similar to those of healthy controls at week
Pt-12 or Pt-24. Before treatment, patients have higher
interferon (IFN)-γ and perforin levels than healthy
controls, and IFN-γ started to recover at week 8 and
reached the normalized level at week Pt-12.

IFN-α can induce immunomodulatory effects by acting
the innate and adaptive immune systems of various
[9,10]
cells
. Since IFN-free DAAs take the virus life cycle as
a target, they can inhibit NS3 protease, NS5A replication
[11]
complex or NS5B polymerase activity specifically .
These regimens can help us clarify the interaction be
tween HCV clearance and the innate immune response,
[12]
regardless of the IFNα induced immune modulation .
This provides a unique opportunity to analyze whether
DAAs can change natural killer (NK) cell activation
when HCV replication is inhibited. Previous studies have
explored the effect of IFN therapy on the NK cells. It
has been shown that chronic hepatitis C (CHC) patients
with SVR to IFN therapy exhibited greater levels of NK
[13,14]
cell degranulation and enhanced NK cytotoxicity
.
Combination therapy of PEG-IFN-α/RBV reversed NK
subtype distribution and function in HCV-eliminated
[15]
patients . Until now, only few studies have reported the
[16-18]
effect of DAAs on NK cells
, in which the results and
conclusions were controversial.
NK cells are enriched among lymphocytes in the
blood (5%-20%), and their percentage increases further
[19]
in viral hepatitis . NK cells play an important role in the
antiviral immune defense and undergo great changes in
subsets, phenotypes and function during persistent viral
[20]
infection . NK cells can be divided into three subgroups
according to the expression levels of CD56 and CD16,
bright
dim
neg
including CD56
NK cells, CD56 NK cells and CD56
positive
[21]
bright
(CD16
) NK cells . CD56
NK cells, which can
produce IFN-γ mainly and inhibit viral replication, are the
dim
less-mature subset that can differentiate into CD56
[22]
dim
NK cells . CD56 NK cells are cytotoxic NK cell subset
expressing higher levels of killer immunoglobulin-like
[21]
neg
receptors (KIR), CD16 and perforin . CD56 NK cells
[23]
express lower perforin and exhibit lower cytotoxicity .
The function of NK cells is regulated by interaction
of NK cell receptors (NKRs), which can be divided into
activating and inhibitory NKRs, and their respective
[24]
ligands . Activating NKRs include NKG2C, NKG2D and
the “natural cytotoxicity receptors”, for example, NKp30,
NKp44 and NKp46. Inhibitory receptors comprise NKG2A
[25]
and the KIR family members . During viral infection,
the balance shifts from inhibition to activation because
the threshold value of activation receptors exceeds
[26]
that of inhibition . For example, the integration of all
signals results in activation of blood and liver NK cells in
[27]
HCV infection and altered functional phenotypes with
increased cytotoxicity and decreased antiviral cytokine
[27,28]
production
.
Up to now, more and more DAAs have been approved
for clinical practice. In China, sofosbuvir/ledipasvir have
been increasingly used among CHC patients, especially
those with genotype 1 HCV infection. Sofosbuvir is an
NS5B polymerase inhibitor and ledipasvir is an NS5A
replication complex inhibitor. In the current study,
we aimed to observe the dynamic changes of NK cell
subsets, phenotypes and functional parameters during
and after DAAs treatment, and to investigate the effect
of DAAs (sofosbuvir/ledipasvir) treatment on innate

CONCLUSION
NK cells of CHC patients can be affected by DAAs,
and phenotypes and function of NK cells recover not
at early stage but mainly after the end of sofosbuvir/
ledipasvir treatment.
Key words: Direct-acting antivirals therapy; Hepatitis C
virus; Natural killer cells; Natural killer subsets
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In our study, we observed the dynamic changes
of natural killer (NK) cell subsets, phenotypes and
functional parameters during and after direct-acting
antivirals (DAAs) treatment and investigated the effect
of sofosbuvir/ledipasvir therapy on innate immunity in
genotype 1b hepatitis C virus (HCV)-infected patients.
We illustrated that NK cells of chronic hepatitis C patients
can be affected by DAAs and phenotypes and function of
NK cells recovered not at early stage but mainly after the
end of sofosbuvir/ledipasvir treatment. These findings
may provide an explanation for HCV reinfection or liver
carcinogenesis after HCV elimination.
Wang XX, Luo BF, Jiang HJ, Cong X, Jin Q, Ma DL, Wei
L, Feng B. Recovery of natural killer cells is mainly in posttreatment period in chronic hepatitis C patients treated with
sofosbuvir plus ledipasvir. World J Gastroenterol 2018;
24(40): 4554-4564 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i40/4554.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4554

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a disease
[1]
that affects about 71 million people worldwide . It can
lead to mortality from hepatic as well as extra-hepatic
[2]
causes . In the era of HCV treatment with pegylatedinterferon (PEG-IFN)/ribavirin (RBV), the sustained
virological response (SVR) rate is different according to
HCV genotypes: Approximately 40% to 50% in patients
with genotype 1 and 80% in patients with genotype 2 or
[3-5]
3 . However, because of their higher SVR rate (> 95%)
[6]
and less toxicity , IFN-free direct antiviral agents (DAAs)
have replaced PEG-IFN/RBV as a first-line treatment
[7,8]
option recommended by international guidelines .
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NK cell cytokine production

immunity in genotype 1b HCV-infected patients.

Thawed PBMCs were incubated with Leukocyte Activation
6
Cocktail with BD GolgiPlug (BD Bioscience) 2 µL/1 × 10
cells for 4 h. Cells were washed, fixed, and permeabilized
with the BD IntraSure™ Kit and stained with anti-IFNγ-FITC, anti-Perforin-BV421 and anti-Granzyme B-PECF594 (all from BD Biosciences) for 30 min before
being detected by flow cytometry (BD FACSAria Ⅱ ,
BD Bioscience). Data were analyzed with BD FACSDiva
Software v7.0.

MATERIALS AND METHODS
Study cohort

NK cells were studied in 13 genotype 1b HCV infected
patients at baseline, weeks 2, 4, 8 and 12 in a 12-wk
treatment course with DAAs (90 mg ledipasvir once
daily and 400 mg sofosbuvir once daily), and then
at week post of treatment (Pt)-12 and 24 after the
end of therapy. There are six treatment-experienced
patients who relapsed after treatment with PEG-IFN/
RBV and seven treatment-naïve patients in our study.
Thirteen age- and sex-matched uninfected subjects
were enrolled for comparison. Informed consent was
obtained from all participants. The study conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Ethics Committee
of Peking University People’s Hospital. Patients had no
signs or evidence of coinfection with hepatitis A virus,
hepatitis B virus, hepatitis D virus, hepatitis E virus and
human immunodeficiency virus. Patients with evidence
of hepatocellular carcinoma or cirrhosis were excluded.
Besides, pregnant patients or patients with psychiatric
disorders were also excluded.

Statistical analysis

Statistical analyses were performed using Graphpad
Prism Version 5.0a (Graphpad Software Inc., San Diego,
CA, United States) and SPSS 16.0 (SPSS, Chicago, IL,
United States). Normal distribution was tested by the
Kolmogorov-Smirnov test. Values in our study were not
normally distributed, and comparisons of expression
levels among different time points in CHC patients
were performed by the Wilcoxon matched pairs test.
Comparisons of expression levels between the CHC
patients and healthy controls were performed by the
Mann-Whitney test. Two-sided P-values less than 0.05
were considered significant.

RESULTS

Serologic analysis

Baseline characteristics of the study population and
effect of sofosbuvir/ledipasvir therapy on HCV viremia
and liver inflammation

Serum HCV RNA level was quantitated using the Cobas
TaqMan automated real-time PCR platform reaction
(Roche Molecular System, Pleasanton, CA, United States)
with a lowest limit of detection of 15 IU/mL and a lower
limit of quantification of 43 IU/mL.

Table 1 describes the main demographical and clinical
characteristics of the CHC patients at baseline. The
median log HCV RNA level was 6.39 (range, 4.60-6.98).
The median alanine aminotransferase (ALT) level was 34
U/L (range, 11-55 U/L). All 13 patients were treated with
sofosbuvir/ledipasvir within 12 wk and reached SVR24.
Treatment with DAAs induced rapid and early clearance
of serum HCV RNA within the first 2 wk, accompanied
by a significant reduction in liver inflammation as
demonstrated by a decrease in ALT (P = 0.007) and AST
levels (P = 0.015) (Figure 1).

Lymphocyte isolation

Peripheral blood mononuclear cells (PBMCs) were
separated from EDTA- anticoagulated blood on Ficoll
Histopaque (GE Healthcare Bio-Science AB, Germany)
density gradients, washed three times with phosphatebuffered saline (BD, Bioscience, Franklin Lakes,
[17]
NJ, United States) , cryopreserved at -80 ℃ and
transferred to the liquid nitrogen after 24 h.

Effect of sofosbuvir/ledipasvir therapy on NK cell
subsets

NK cell frequency and phenotypes

For each patient, cryopreserved PBMCs from week 0 to
week Pt-24 were thawed and tested. PBMCs of healthy
donors were included in this experiment. Thawed PBMCs
were stained with anti-CD45-APC-H7, anti-CD3-PerCPCy5.5, anti-CD56-APC, anti-CD16-BV510, anti-CD94PE, anti-CD335 (NKp46) -PE-Cy7, anti-CD336 (NKp44)
-BB515, anti-CD337 (NKp30) - BV421 (BD Bioscience),
anti-CD314 (NKG2D)-PE-Cy7 (Biolegend), anti-CD159a
(NKG2A)-PE (R and D Systems) and anti-CD159C
(NKG2C)-VioBright™FITC (Miltenyi Biotech, Bergisch
Gladbach, Germany) for 15 min and with 7-AAD (BD
Bioscience) for 10 min before being detected by flow
cytometry (BD FACSAria Ⅱ, BD Bioscience). Data were
analyzed with BD FACSDiva Software v7.0.
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-

+

NK cells were identified as CD3 CD56 cells in the PBMC
bright
dim
population, and CD56
NK cells and CD56 NK cells
+
were determined by sequential gating on CD3 CD56
NK cells (Figure 2A).
Our study showed that during the 12 wk of IFNfree DAAs therapy, there was a significant decline in
bright
CD56
NK cell frequencies at week 8 (P = 0.002) and
week 12 (P = 0.003), which were lower than that of
bright
healthy controls at week 12. The frequency of CD56
NK cells was altered to the level comparable to that
of healthy controls at week Pt-12 (Figure 3B). There
+
was no difference in the frequency of CD56 NK cells
dim
or CD56 NK cells between chronically HCV-infected
patients and healthy controls at baseline. No difference

4556

October 28, 2018|Volume 24|Issue 40|

Wang XX et al . NK cells recover after EOT of DAAs
Table 1 Demographical and clinical characteristics of chronic hepatitis C patients
Sex (F/M)

2

Age (yr)

BMI (kg/m )

27
62
30
53
25
27
29
24
63
55
57
63
25

18.71
15.85
20.07
20.10
24.39
19.38
26.67
29.33
25.10
23.62
22.31
26.75
26.53

F
M
F
F
M
F
F
M
M
M
F
F
M

Fibroscan index Treatment-naïve
ALT/AST
ALT/AST
/experienced (U/L)-baseline (U/L)-week 2
3.8
6.5
5.9
3.9
6.1
7.9
6.4
7.6
4.8
4.5
4.7
4.3
6.0

N
N
N
N
N
N
N
E
E
E
E
E
E

25/25
55/47
18/20
11/25
43/22
20/20
32/24
85/75
50/32
34/30
20/26
27/29
30/23

Log HCV RNA

Response to
sofosbuvir/ledipasvir

6.16
6.09
6.38
6.98
4.60
6.87
5.90
6.45
6.51
6.56
6.76
6.76
6.60

SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24
SVR24

10/19
24/23
10/19
6/19
23/18
11/22
16/14
10/16
31/23
24/20
15/20
11/19
11/22

F: Female; M: Male; N: Treatment-naïve; E: Treatment-experienced; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HCV: Hepatitis C
virus; SVR: Sustained virological response.
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Figure 1 Serum hepatitis C virus RNA levels and liver inflammation decrease rapidly with sofosbuvir and ledipasvir therapy. A: Serum hepatitis C virus RNA
levels of patients who all responded to therapy (n = 13). A response to sofosbuvir and ledipasvir therapy was defined as undetectable viremia at end of treatment (week
24); (B) Serum alanine aminotransferase. (C) Serum aspartate aminotransferase. HCV: Hepatitis C virus; Lloq: Lower limit of quantitation; Tnd: Target not detected;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
+

+

dim

There was no difference in the frequency of CD94
NK cells between CHC patients at baseline and healthy
+
controls, and the frequency of CD94 NK cells from CHC
patients did not change significantly during and after
sofosbuvir/ledipasvir therapy (Figure 4C). The MFI of
CD94 on NK cells started to decline in CHC patients at
week 12 of treatment and normalized at week Pt-24
(Figure 4D).
There was no difference in the frequency or MFI of
NKp46 on NK cells between healthy controls and CHC
patients at baseline. During DAAs treatment, there was a
significant decline in the frequency of NKp46 on NK cells
at week 8 and week 12, but NKp46 expression levels
increased to those of uninfected controls at week Pt-12
and week Pt-24 (Figure 5C and D).
Frequencies and MFI of NKp44, NKG2C and NKG2D
on NK cells from CHC patients at baseline did not differ
from those from healthy controls and did not change
during and after sofosbuvir/ledipasvir therapy.

was found in the frequency of CD56 NK cells or CD56
NK cells among different time points during and after
DAAs therapy (Figure 3A and C).

Effect of sofosbuvir/ledipasvir therapy on NK cell
phenotypes

To illustrate the effect of the rapid DAA-mediated de
crease in HCV RNA levels on NK cell phenotypes, we
detected activating and inhibitory receptors on the
surface of NK cells by multicolor flow cytometry (Figure
2B).
Compared with uninfected healthy controls, the
frequencies of the inhibitory NKG2A and activating
NKp30 on NK cells from CHC patients were higher at
baseline (P < 0.001) (Figures 4A and 5A). The frequency
and mean fluorescence intensity (MFI) of NKG2A and
the frequency of NKp30 started to decline at week 12 of
treatment and reached the levels similar to those of NK
cells from healthy controls at week Pt-12 (Figure 4A and B,
Figure 5A). However, MFI of NKp30 did not differ on NK
cells from CHC patients and healthy controls and did not
change during and after the end of sofosbuvir/ledipasvir
therapy (Figure 5B).
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Effect of sofosbuvir/ledipasvir therapy on NK cell
function
+

The frequency and MFI of IFN-γ NK cells from CHC
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Figure 3 Effect of sofosbuvir and ledipasvir therapy on the frequencies of natural killer cell subsets from chronic hepatitis C patients. A: Frequencies of
CD56+ natural killer (NK) cells in peripheral blood mononuclear cells (PBMCs); B: Frequencies of CD56bright NK cells in PBMCs; C: Frequencies of CD56dim NK cells in
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points of CHC patients (2 wk, 4 wk, 8 wk, 12 wk, Pt-12 wk, Pt-24 wk vs 0 wk). NK: Natural killer; CHC: Chronic hepatitis C; Ctrl: Healthy controls; Pt: Post of treatment;
PBMCs: Peripheral blood mononuclear cells.

ledipasvir therapy.

patients at baseline were significantly higher than those
from uninfected subjects (P < 0.001). Frequency of
+
IFN-r NK cells started to decline in CHC patients at
week 8 of treatment and reached the level similar to
that of healthy controls at week Pt-12 (Figure 6A).
+
However, no difference was shown in MFI of IFN-γ NK
cells from CHC patients during and after DAAs therapy
(Figure 6B). There was no difference in the frequency
+
of perforin NK cells between healthy controls and CHC
+
patients at each time point (Figure 6C). MFI of perforin
NK cells from CHC patients was significantly higher than
that from uninfected subjects from week 0 to week Pt24W persistently (Figure 6D). However, there was no
difference in the frequency (Figure 6E) or MFI (Figure 6F)
of Granzyme B of NK cell groups between CHC patients
at baseline and healthy controls, and the expression
of NKp46 did not change during and after sofosbuvir/
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Effect of sofosbuvir/ledipasvir therapy on NK cells
between treatment-naïve and treatment-experienced
CHC patients

+

There was no difference in the frequency of CD56 NK
cells or the expression of NKG2A, NKG2D, NKG2C, CD94,
NKp30, NKp46, IFN-γ, perforin and Granzyme B between
treatment-naïve and treatment-experienced CHC
patients during and after DAAs treatment. The changing
trends of these phenotypes and cytokines of NK cells
between these two groups were similar. (Figure 7A-J)

DISCUSSION
In our study, we evaluated the innate immune effects
in 13 CHC patients successfully treated with sofosbuvir/
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Figure 4 Sofosbuvir and ledipasvir therapy modulates the expression of NKG2A and CD94 on natural killer cells. Flow cytometric analyses of inhibitory
receptor NKG2A and CD94 on natural killer (NK) cells. The graphs display the frequencies and mean fluorescence intensity (MFI) of NKG2A (A-B) and CD94 (C-D) on
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ledipasvir. All patients achieved SVR12 and SVR24, and
no patients had virologic breakthrough.
The development of DAAs has opened a new era of
[29]
HCV treatment . IFN-free regimens for HCV infection
provide a unique opportunity to study the interaction
between HCV and the immune system because
DAAs rapidly decrease viremia to undetectable levels
[12]
regardless of the IFNα induced immune modulation .
Due to the direct effect of IFN-α on NK cells, the
consequence of viral load decline on NK cells could not
be examined precisely. Our study examined the innate
immune effects of sofosbuvir/ledipasvir therapy induced
HCV RNA level decline. There was no difference in the
frequency of total NK cells from CHC patients at baseline
and healthy controls, which is inconsistent with other
two studies assuming that NK cell frequency decreases
[28,30]
in the blood in chronic HCV infection
. We found that
bright
only CD56
NK cells showed a slightly decline at week
8 and week 12 during DAAs treatment and normalized
at week Pt-12. There was no change in total NK cells
dim
or CD56 NK cells. However, another study reported
dim
that DAA therapy enhances the frequency of CD56
bright
and decreases CD56
cells in chronically HCV-infected
[30]
patients .
As for NK cell phenotypes and function of CHC
patients, we showed that reduced HCV RNA load altered
NK cell phenotype and function, including NKG2A,
CD94, NKp30, NKp46, IFN-γ and perforin. Most of these
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phenotypes and cytokines became to change at week
12 approximately and normalized to the levels of healthy
controls at week Pt-12 or Pt-24, which are different from
[17,30]
[17]
previous studies
. Serti et al
demonstrated that
the expression levels of NKp46 and NKG2A normalized
in patients with undetectable viremia by week 8 in
daclatasvir (DCV) and asunaprevir (ASV) therapy, and
they assumed that the percentage of IFN-γ producing
NK cells and the IFN-γ expression level were significantly
lower in chronically HCV-infected patients compared
with healthy controls and increased within the first 8
[30]
wk. Spaan et al
illustrated that NK cell phenotype is
already normalized at week 12 during DCV/ASV therapy,
and they assumed that DAAs treatment did not alter
the frequency of NK cells producing perforin. However,
+
we found that the MFI of perforin NK cells was higher
than that of healthy controls before, during and after
DAAs therapy persistently, which has not been found in
previous studies. Importantly, researchers in these two
studies have not demonstrated the changes of NK cells
after the end of DAAs therapy.
Patients in other two studies were treated with DCV/
ASV and all patients were HCV-infected non-responders
[17,30]
to previous PEG-IFN/RBV therapy
. However, patients
in our study were treatment-naïve CHC patients and
treatment-experienced CHC patients who had a relapse
after PEG-IFN/RBV therapy. NK cells might be affected
[13,14]
by PEG-IFN/RBV therapy
. Combination therapy of
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Figure 5 Sofosbuvir and ledipasvir therapy modulates the expression of NKp30 and NKp46 on natural killer cells. Flow cytometric analyses of activating
receptors NKp30 and NKp46 on natural killer (NK) cells. The graphs display the frequencies and mean fluorescence intensity (MFI) of NKp30 (A-B) and NKp46 (C-D)
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d
e
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[32,33]

PEG-IFN-α/RBV reversed NK subtype distribution and
[15]
functions in HCV-eliminated patients . However, we
found that there was no difference in the changes of
the NK cells during and after DAAs treatment between
patients who were treatment-naïve and those who had
a relapse after PEG-IFN/RBV therapy. And the effect of
non-response to PEG-IFN/RBV treatment on the changes
of NK cells during and after DAA treatment should
not be excluded. Because it is unclear whether the
response pattern to PEG-IFN/RBV treatment can affect
the subsequent changes of NK cells induced by DAAs in
treatment-experienced patients. Second, HCV genotype
may affect dynamic changes of NK cells during DAAs
[31]
therapy. In a study of Ning et al
in which patients
with different genotypes were included, they assumed
that different HCV genotypes may have an impact on
their results. After treatment with sofosbuvir/ledipasvir
+
+
or sofosbuvir/daclatasvir, the frequency of CD16 CD56
NK cells gradually increased to normal levels of healthy
controls at week 12. Third, different DAAs may have
different impact on NK cells. Sofosbuvir is an NS5B
polymerase inhibitor, ledipasvir and DCV are NS5A
replication complex inhibitor and ASV is an NS3 protease
[31]
inhibitor. As Ning et al
described, we cannot exclude
the possibility that different DAA regimens induce
different dynamic changes of NK cells. Fourth, the race
of CHC patients may be an important factor. Whether in
era of PEG-IFN/RBV or DAAs treatment, race is one of
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the most important factors which can affect SVR
.
Therefore, we cannot rule out the distinction induced
by different races between our studies and others.
Additionally, we assumed that it may take a long term for
NK cell recovery and NK cells cannot recover immediately
after the influence from DAAs was relieved.
We confirm earlier studies on increased inhibitory
[18,27]
NKG2A expression on NK cells in HCV infection
.
NKG2A is a major and prominent inhibitory NK cell
receptor and is known as lectin superfamily group
[34]
A . DAA-induced NKG2A level reduction might be the
consequence of compensatory mechanisms exerted
upon declining activating signals. Besides, CD94 is
mainly expressed as a heterodimer with NKG2A, NKG2B
[35]
or NKG2C protein . The inhibitory signals of NK cells
are mainly mediated by HLA class I-binding receptors,
[36]
including KIRs and CD94/NKG2A . Accordingly, there
are something in common of the changing trends
between NKG2A and CD94 MFI in our study.
+
Frequency of NKp30 NK cells at baseline in our cohort
was higher than those of healthy controls. During DAAs
+
treatment, the percentage of NKp30 NK cells was reduced
to the level of healthy controls, which is consistent with the
[17]
[30]
studies of Serti et al and Spaan et al , but there was
no difference in the MFI of NKp30.
In all changed phenotypes, NKp46 is a special one.
The changing trend of NKp46 is completely different
from that of other receptors during sofosbuvir/ledipasvir
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Figure 6 Sofosbuvir and ledipasvir therapy modulates the expression of natural killer cell-related cytokine interferon-γ, perforin and Granzyme B. Flow
cytometric analyses of interferon (IFN)-γ, perforin and Granzyme B expression in natural killer (NK) cells. The graphs display the frequencies and mean fluorescence
intensity (MFI) of IFN-γ (A-B), perforin (C-D) and Granzyme B (E-F) in NK cells from CHC patients during and after direct-acting antivirals therapy and healthy controls
(n = 13). aP < 0.05 and bP ≤ 0.01 and cP ≤ 0.001, different time points of CHC patients vs healthy controls; dP < 0.05 and eP ≤ 0.01 and fP ≤ 0.001, different time
points of CHC patients (2 wk, 4 wk, 8 wk, 12 wk, Pt-12 wk, Pt-24 wk vs 0 wk). IFN: Interferon; NK: Natural killer; CHC: Chronic hepatitis C; Ctrl: Healthy controls; Pt:
Post of treatment; MFI: Mean fluorescence intensity.

treatment. There was a significant decline only at week 8
and week 12. As we all know, NKp46, a member of the
natural cytotoxicity receptor family, is a main activating
[37]
NK-cell receptor . NK cells with high expression of
NKp46 were characterized by a high functional capacity
(e.g., high cytotoxicity and IFN-γ production) and a high
[38,39]
antiviral activity in vitro
. However, the percentage of
+
IFN-γ NK cells was similar to the level of healthy controls
at week Pt-12, and this level was maintained until week
Pt-24.
The effect of HCV infection on NKG2D was con
[28]
troversial. Oliviero et al
reported that CHC patients
have increased NKG2D expression, while Dessouki
[15]
+
et al
demonstrated that the frequency of NKG2D
NK cells decreased in HCV infection. In our study, the
expression of NKp44, NKG2C, NKG2D and Granzyme
B did not differ between NK cells from CHC patients at
baseline and healthy donors in our study, and there was
no change in the expression during and after the end of
treatment (EOT) of DAAs, which is consistent with the
[19,40]
published articles
.
Our results showed that NK cells phenotypes and
function started to change in the later period of sofo
sbuvir/ledipasvir treatment and reversed to the nor
malized level of healthy individuals mainly after EOT.
What we found in our research is different from previous
studies which assumed that HCV clearance induced by
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DAAs can mediate NK recovery rapidly. Whether dynamic
changes of NK cells in DAA-treated patients are related
to HCV reinfection or liver carcinogenesis after HCV
elimination is a great topic in the future.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Chronic hepatitis C virus (HCV) infection can lead to mortality from hepatic as
well as extra-hepatic causes. Until now, direct-acting antivirals (DAAs) have
replaced pegylated-interferon (PEG-IFN)/ribavirin as a first-line treatment
option. IFN-free DAAs take the virus life cycle as a target and can help us clarify
the interaction between HCV clearance and the innate immune response,
regardless of the IFN-α induced immune modulation. Previous studies showed
that PEG-IFN-α can change natural killer (NK) cell subtype distribution and
function in HCV-eliminated patients. However, it is controversial whether DAAs
can change the phenotypes and function of NK cells.

Research motivation

More and more DAAs have been approved for clinical practice. In China,
sofosbuvir/ledipasvir have been increasingly used among chronic hepatitis
C (CHC) patients, especially those with genotype 1 HCV infection. Previous
studies illustrated that NK cells play an important role in the antiviral immune
defense and undergo great changes in subsets, phenotype and function during
persistent viral infections. Therefore, it is meaningful to investigate how NK cells
are affected in the elimination of HCV by sofosbuvir/ledipasvir.

Research objectives

The objectives of this study are to observe the dynamic changes of NK
cell subsets, phenotypes and functional parameters during and after DAAs
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Figure 7 Frequency of CD56+ natural killer cells, phenotypes and cytokine expression of natural killer cells between treatment-naïve and treatmentexperienced chronic hepatitis C patients. Flow cytometric analyses of the frequency of CD56+ natural killer (NK) cells (A), the expression of NKG2A (B), NKG2D (C),
NKG2C (D), CD94 (E), NKp30 (F), NKp46 (G), IFN-γ (H), perforin (I) and Granzyme B (J) expression of NK cells and the changing trend between treatment-naïve (n = 7)
and treatment-experienced (n = 6) chronic hepatitis C patients during and after direct-acting antivirals therapy. Pt: Post of treatment; IFN: Interferon; NK: Natural killer;
PBMCs: Peripheral blood mononuclear cells; CHC: Chronic hepatitis C.
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Wang XX et al . NK cells recover after EOT of DAAs
treatment, and investigate the effect of DAAs (sofosbuvir/ledipasvir) treatment
on innate immunity in genotype 1b HCV-infected patients.

Research methods

Thirteen treatment-naïve and treatment-experienced CHC patients were treated
with sofosbuvir/ledipasvir, and NK cells were detected at baseline, week 2 to
12 during therapy, and week post of treatment (Pt)-12 and 24 after the end of
therapy by multicolor flow cytometry and compared with 13 healthy controls.

7
8

Research results

There was a significant decline in CD56bright NK cell frequencies at week 8 (P
= 0.002) and week 12 (P = 0.003), which were altered to the level comparable
to that of healthy controls at week Pt-12, but there was no difference in the
frequency of CD56dim NK cells. Compared with healthy controls, the expression
levels of NKG2A, NKp30 and CD94 on NK cells from CHC patients at baseline
were higher. NKG2A, NKp30 and CD94 started to recover at week 12 and
reached the levels similar to those of healthy controls at week Pt-12 or Pt-24.
Before treatment, patients had higher IFN-γ and perforin levels than healthy
controls, and IFN-γ started to recover at week 8 and reached the normalized
level at week Pt-12.

9
10

Research conclusions

NK cells of CHC patients can be affected by DAAs, and NK cell phenotypes and
function started to change at the later period of sofosbuvir/ledipasvir treatment
and reversed to the normalized level of healthy individuals mainly after end
of treatment. What we found in our research is different from previous studies
which assumed that HCV clearance induced by DAAs can mediate NK recovery
rapidly.

11
12

Research perspectives

In hepatitis B virus (HBV)/HCV coinfected patients, HBV reactivation often
occurred at the later period or even after the end of DAAs treatment. Our study
may provide an explanation for this observation. Whether dynamic changes
of NK cells in DAA-treated patients are related to HCV reinfection or liver
carcinogenesis after HCV elimination is a great topic in the future.
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Abstract
AIM
To detect the mechanisms of Helicobacter pylori (H.
pylori ) infection in the invasion and metastasis of
gastric cancer (GC).

Institutional review board statement: The study was approved
by the Ethics Review Board of the First Hospital of Lanzhou
University.

METHODS
Specimens from 99 patients with GC were collected. The

Conflict-of-interest statement: The authors declare that they
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correlation among H. pylori infection, heparanase (HPA)
and mitogen-activated protein kinase (MAPK) expression,
which was determined by immunohistochemistry, and
the clinical features of GC was analysed using SPSS
22.0. Overall survival (OS) and relapse-free survival
(RFS) of GC patients were estimated by the KaplanMeier method. Independent and multiple factors of HPA
and MAPK with prognosis were determined with COX
proportional hazards models. HPA and MAPK expression
in MKN-45 cells infected with H. pylori was analysed
using Western blot.

INTRODUCTION
Helicobacter pylori (H. pylori) has been classified as
a class Ⅰ carcinogen by the International Agency for
[1]
Research on Cancer . H. pylori can live in the acidic
environment of the stomach for a long time, and its
prolonged infection can destroy the gastric mucosa
and result in changes in the release of gastric mucosal
hormones, thus affecting the physiological state of
the stomach. Therefore, H. pylori infection represents
the most significant risk factor for malignant gastric
[2,3]
tumours . Approximately 50% of the world’s population
[4,5]
are infected with H. pylori . The infection rate in China
[6]
may be as high as 73.3% , especially in the Beijing
[7]
region, where the infection rate is as high as 83.4% .
Although there have been increasing numbers of studies
indicating that H. pylori infection can result in gastric
cancer (GC), the underlying mechanism is still unknown.
Heparanase (HPA) is an endoglycosidase that
is capable of degrading heparan sulfate (HS) in the
extracellular matrix (ECM) and basement membrane
[8,9]
(BM) , the process of which releases many types of
biological mediators, such as fibroblast growth factor
(FGF), hepatocyte growth factor (HGF), and vascular
endothelial growth factor (VEGF), in response to local
[10,11]
or systemic signals
. Thus, HPA is involved in
tissue remodelling and cell migration, which lead to
[12-15]
inflammation, angiogenesis, and tumour metastasis
.
The degradation of the ECM is one of the key steps
involved in the invasion and metastasis of malignant
tumours, and matrix degradation primarily depends on
proteolytic enzymes. An increasing number of studies
have demonstrated that the invasion and metastasis
of tumour cells are closely associated with HPA produc
[16-18]
tion
, including those derived from the stomach,
pancreas, colon, and bladder. In addition to its enzymatic
activity, recent studies have shown that the non-enzyme
activity of HPA promotes the aggregation of heparan
sulfate proteoglycans (HSPGs), causing a cascade
of intracellular signal amplification that results in the
activation of protein kinase C (PKC), Src, and Rac. HSPGs
act on HPA receptors located on the cell surface, such as
6-phosphate mannose receptor (MPR), cationic non-6phosphate-dependent mannose receptor (CD222), and
low-density lipoprotein receptor-related protein (LRP),
to cause signalling cascades. In addition, HPA plays an
important role in inflammation and autoimmune diseases
[19,20]
(e.g., colitis, arthritis, psoriasis, and sepsis)
.
Some studies have shown that H. pylori infection
leads the development of gastric adenocarcinoma by
[21,22]
activating mitogen-activated protein kinase (MAPK)
.
Once activated, MAPK is translocated to the nucleus and
leads to the activation of transcription factors, such as
[23,24]
[25]
NF-κB
. A recent study
has also shown that the
activation of the MAPK pathway is closely related to the
expression of HPA. However, it is not clear whether MAPK
is involved in the regulation of HPA expression following H.
pylori infections that lead to GC.
The present research aimed to explore the role of H.

RESULTS

H. pylori infection was observed in 70 of 99 patients

with GC (70.7%), which was significantly higher than
that in healthy controls. H. pylori infection was related
to lymph metastasis and expression of HPA and MAPK
(P < 0.05); HPA expression was relevant to MAPK
expression (P = 0.024). HPA and MAPK expression in
MKN-45 cells was significantly upregulated following
H. pylori infection and peaked at 24 h and 60 min,
before decreasing (P < 0.05). SB203580, an inhibitor
of MAPK, significantly decreased HPA expression. HPA
was related to lymph metastasis and invasive depth.
HPA positive GC cases and H. pylori positive GC cases
showed poorer prognosis than HPA negative cases (P
< 0.05). COX models showed that the prognosis of GC
was connected with HPA expression, lymph metastasis,
tissue differentiation, and invasive depth.
CONCLUSION

H. pylori may promote the invasion and metastasis of

GC by increasing HPA expression that may associate
with MAPK activation, thus causing a poorer prognosis
of GC.
Key words: Gastric cancer; Helicobacter pylori ; He
paranase; Mitogen-activated protein kinase; Overall
survival; Relapse-free survival
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mechanism of Helicobacter pylori (H.
pylori ) infection in the invasion and metastasis of
gastric cancer (GC) is still unknown. This paper studied
heparanase (HPA) and mitogen-activated protein kinase
(MAPK) expression in GC tissues and GC cells and their
relationship with H. pylori infection. H. pylori infection
may promote the invasion and metastasis of GC by
increasing the expression of HPA that may be increased
by activation of MAPK signal and HPA expression in GC
tissue. H. pylori positive GC had a poorer prognosis.
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pylori infection in GC and analyse the connections among
H. pylori infection, HPA and MAPK expression, and the
pathological state of GC. By detecting the expression
of HPA and MAPK and H. pylori in GC tissue and the
expression of HPA and MAPK in MKN-45 cells infected by
H. pylori, we analysed their associations with the clinical
and pathological features of GC, and the survival and
prognosis of H. pylori or HPA/MAPK positive GC.

with the following primary antibodies: anti-heparanase1
(Abcam Biotechnology, Cambridge, United Kingdom),
anti-phospho-p38, anti-p38 (Abcam Biotechnology), and
anti-β-actin (Zhongshan Golden Bridge Biotech, Beijing,
China). After overnight incubation, the membrane was
washed three times with Tris Buffered Saline-Tween
(TBST) (Solarbio Biotechnology) and then incubated with
a horseradish peroxidase-conjugated secondary antibody
(Zhongshan Golden Bridge Biotech; dilution 1:10000)
at room temperature for 1 h. The SuperSignal West Pico
Chemiluminescent Substrate (ThermoFisher Scientific,
Inc., Rockford, IL, United States) was used to detect
signals, which were displayed with a VersaDoc Imaging
System (Bio-Rad Laboratories Co., Ltd. Hercules, CA,
United States). Data were analysed using Bio-Rad
Quantity One Software v4.62 (Bio-Rad Laboratories Co.,
Ltd.). To further illustrate whether the H. pylori-induced
upregulation of HPA was mediated through the MAPK
pathway, 20 μmol/L of the MAPK inhibitor SB203580
(Selleck, United States) was added to MKN-45 cells for 2 h
before they were cultured with H. pylori.

MATERIALS AND METHODS
Cells and H. pylori strain

MKN-45 (human GC cell line) cells were obtained
from the Chinese Academy of Sciences (Shanghai,
China), preserved in the Key Laboratory of Digestive
System Tumours of the Second Clinical Medical School
of Lanzhou University, and cultivated in RPMI-1640
(HyClone Laboratories, Inc., Logan, UT, United States)
supplemented with 10% fetal bovine serum (HyClone
Laboratories, Inc.), 100 U/mL penicillin, and 100 mg/mL
streptomycin (North China Pharmaceutical Co., Inc.,
Shijiazhuang, China) in humidified air containing 5%
carbon dioxide at 37 ℃.
H. pylori NCTC11637 was provided by the Key
Institute of Digestion and Oncology of Gansu Province
and was cultured on Columbia agar plates (Solarbio,
Shanghai, China) containing 7% filtered goat blood in an
anaerobic tank.

Transwell assay

A Transwell assay was used to detect the invasion
capability of the tumour cells. A 1:8 mixture of Matrigel
gel:RPMI-1640 medium (100 µL) was added to the
lower chamber, which was placed in 24-well plates at
37 ℃ for 24 h. A serum-free cell suspension (200 µL)
5
at a concentration of 2.5 × 10 cells/mL was added to
the upper chamber, while serum-containing medium
was added to the lower chamber. Then, the cells were
cultured at 37 ℃ in an atmosphere with 5% CO2 and
saturated humidity for 24 h. The remaining cells in
the upper chamber were carefully wiped off, and the
lower chamber was rinsed twice with PBS and fixed in
methanol for 15 min. The cells were stained with crystal
violet solution in methanol for 30 min, and then excess
crystal violet was washed off. The cells were observed
and images were obtained using a microscope. The
number of migrated cells was counted in several fields of
view.

Infection of MKN-45 cells with H. pylori

After digestion, MKN-45 cells were inoculated in three
culture dishes with an equal cell volume and cultured
under normal growth conditions until they reached the
logarithmic growth phase, at which point the old medium
was discarded and replaced with culture medium
containing serum and antibiotics. H. pylori was cultured
at 37 ℃ for 72 h under microaerophilic conditions using
an anaerobic box. H. pylori was then added to the above
cell medium at a bacteria:cell ratio of 100:1. The bacteria
and cells were co-cultured for 6, 12, 24, and 48 h at
37 ℃ in 5% CO2 and saturated humidity to detect HPA
and MAPK expression.

Scratch test

Western blot assay

The scratch test was used to detect the migration ability
of tumour cells. Horizontal lines were drawn every 0.5-1
5
cm on the back of a 6-well plate and 5 × 10 cells were
added to each well. The cells were incubated overnight
and when cells were 100% confluent, a cut was made
across the dish with a 200-mL pipette. The cells were
rinsed twice with PBS, serum-free medium was added,
and the cells were incubated at 37 ℃ in an atmosphere
with 5% CO2. Following the incubation, images of the
cells were obtained and the migration distance was
measured.

Total protein of the treated cells was extracted using RIPA
lysis buffer (Beyotime Biotechnology, Haimen, China),
phenylmethanesulfonyl fluoride (PMSF) (Beyotime
Biotechnology), and a protein phosphatase inhibitor
(Solarbio Biotechnology Co., Shanghai, China) after
being washed with ice-cold phosphate-buffered saline
(PBS). The protein concentration was measured by
the BCA protein assay (Beyotime Biotechnology) after
centrifugation at 14000 rpm for 30 min. The protein
was separated on a 10% SDS polyacrylamide gel and
then transferred onto a polyvinylidene fluoride (PVDF)
membrane (Solarbio Biotechnology), which was then
blocked in the blocking solution for 2 h at a constant
temperature. Then, the above membrane was incubated
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Patients and clinicopathological characteristics

Ninety-nine cases of pathologically diagnosed and
surgically resected primary gastric carcinoma tissues
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Table 1 Heparanase and mitogen-activated protein kinase expression in specimens of gastric cancer n (%)
Cases (n )
HPA
Gastric cancer
Para-cancer
Normal tissue
MAPK
Gastric cancer
Para-cancer
Normal tissue

HR (P value)

Immunohistochemical result
-

+

++

+++

99
99
25

30 (30.3)
57 (57.6)
24 (96.0)

16 (16.2)
11 (11.1)
1 (4.0)

25 (25.3)
17 (17.2)
0 (0.0)

28 (28.3)
16 (16.2)b
0 (0.0)bd

35.547 (0.000)

99
99
25

49 (49.5)
82 (82.8)
23 (92.0)

12 (12.1)
5 (5.1)
2 (8.0)

19 (19.2)
6 (6.1)
0 (0.0)

19 (19.2)
6 (6.1)b
0 (0.0)b

33.303 (0.000)

P values < 0.05 were determined using one way analysis of variance (ANOVA): bP: Comparison with gastric cancer; dP: Comparison with para-cancer
tissue. HPA: Heparanase; MAPK: Mitogen-activated protein kinase; HR: Hazard ratio.

and tumour-adjacent tissues (> 5 cm from the edge
of the neoplastic foci and non-tumour tissue confirmed
by pathology) without preoperative chemotherapy or
radiotherapy from the Department of Gastroenterological
and Oncological Surgery of the First Hospital of Lanzhou
University were collected between June 2013 and June
2014. Patients with GC were aged between 31 and
77 years, with a mean age of 59.5 ± 9.8 years, and
included 61 males and 38 females. Of the 99 cases
of GC, there were 48 cases of highly and moderately
differentiated carcinoma, 51 cases of poorly differentiated
carcinoma, 55 cases of lymph node metastasis, and
44 cases without lymph node metastasis. With respect
to the extent of infiltration, there were 42 cases of
the T1/2 stage and 57 cases of the T3/4 stage. The
clinicopathological characteristics are shown in Table 1. All
cases of GC had received D2 radical surgery, and paraffin
sections of GC tissue were taken from the Department
of Pathology, First Hospital of Lanzhou University. The
patient’s clinical data, pathological results, and followup data were all recorded in detail. Except for stage Ia
patients with GC, patients were given postoperative
chemotherapy regimens of 6 cycles of XELOX. A total of
25 healthy controls were selected from the Department
of Gastroenterology, who required gastroscopy to exclude
digestive system tumours and diseases, including 16
males and 9 females, with an average age of 40 years.
The follow-up of patients with GC was performed by a
specialist. Overall survival time was measured from the
date of surgery to the date of death due to any cause.
All postoperative cases were followed for 3-60 mo. All
research complied with the “Methods for Ethical Review
of Biomedical Research Involving Human Beings (Trial)”
and the Declaration of Helsinki. Prior written informed
consent was obtained from every subject, and the study
was approved by the Ethics Review Board of the First
Hospital of Lanzhou University.

and prepared for antigen retrieval with citrate by the
high-temperature and high-pressure method. Primary
antibodies were added to the sections and incubated at
37 ℃ in the dark for 1 h. Then, secondary antibodies
were added for 30 min. Next, DAB chromogenic reagent
was added to develop and hematoxylin was added
to stain. The working concentrations of the primary
antibodies against HPA and MAPK were both 1:200,
and the negative control group used PBS instead of the
primary antibody. Positive staining for HPA and MAPK
was both primarily located in the cytoplasm. The semiquantitative scoring criteria were as follows: according
to the percentage of positive cells and staining intensity
of each slice, the positive staining cell ratio was recorded
as 0 points, 1 point, 2 points and 3 points for < 5%,
5% to 25%, 26% to 50%, and > 50%, respectively;
the staining intensity was defined as 0 points, 1 point, 2
points and 3 points for no staining, pale yellow, brownish
yellow and tan, respectively.

H. pylori infection status

To identify the infection status of H. pylori in GC and
adjacent tissues, immunohistochemistry was used to
test for H. pylori infection with a rabbit polyclonal anti-H.
pylori antibody (DAKO). All diagnosed GC patients
underwent a C13 breath test before surgery to check for
H. pylori infection. If the clinical C13 exhalation test and
immunohistochemical staining of the surgical pathology
section were both confirmed to be positive for H. pylori,
the patient was defined as H. pylori positive.

Statistical analysis

Data were analysed using SPSS 22.0 statistical software
(IBM, Amonk, NY, United States). The classified data are
described as the number of cases and rate or constituent
ratio (%). The Chi-square test was used to compare
classified disordered data groups. The Kruskal-Wallis H
test was used to compare the classified ordered data.
Association analysis between H. pylori infection and
the expression of HPA and MAPK was analysed by the
chi-square test, and the contingency coefficient was
calculated. The survival rates of the different groups
were analysed by the Kaplan-Meier method and logrank (mantel-COX) test. Univariate and multivariate COX

Immunohistochemistry

Protein expression of HPA and MAPK was detected by
immunohistochemical staining (the SP method) in GC
and para-carcinoma tissues. Formaldehyde fixed and
paraffin embedded sections of samples were dewaxed,
rehydrated with different concentrations of alcohol,
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0
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2+

3+

HPA

MAPK

Figure 1 Immunohistochemical analysis of heparanase and mitogen-activated protein kinase protein expression in gastric cancer. Expression of heparanase
(HPA) and mitogen-activated protein kinase (MAPK) was detected by immunohistochemical staining in normal gastric tissue. Representative immunohistochemical
staining images are shown (magnification, 200 ×). HPA: Heparanase; MAPK: Mitogen-activated protein kinase.

Correlation between H. pylori infection, expression
of HPA and MAPK proteins, and pathological
characteristics of GC

regression analyses were used to explore the influencing
factors of the survival time. P < 0.05 was considered
statistically significant.

To ascertain the effects of H. pylori infection and HPA
and MAPK protein expression in GC, the associations
among the clinical pathological characteristics of gastric
cancer and the above factors were analysed. Positive H.
pylori infection and positive expression of HPA were both
associated with lymph node metastasis (P < 0.05), but not
with age, gender, diameter of tumour, or differentiation
degree (P > 0.05). Similarly, positive HPA expression and
positive MAPK expression were both associated with the
depth of invasion (P < 0.05), as shown in Table 3.
There were 54 cases of HPA positive expression
in 70 H. pylori positive GC cases, with a positive rate of
54.5%, and 15 cases of HPA positive expression in 29 H.
pylori negative GC cases, with a positive rate of 15.2%.
Obviously, significantly higher levels of HPA positive
expression in H. pylori positive GC cases were observed
than those in H. pylori negative GC cases (P < 0.05),
as shown in Table 4. This result suggests that there is
significant HPA expression in GC with H. pylori infection.
There were 40 cases with MAPK positive expression
in 70 H. pylori positive GC cases, with a positive rate of
40.4%, and 10 cases of MAPK positive expression in 29 H.
pylori negative GC cases, with a positive rate of 10.1%.
Significantly higher levels of MAPK positive expression in
H. pylori positive GC cases were observed than those in H.
pylori negative GC cases (P < 0.05), as shown in Table 5.
There were 40 cases of MAPK positive expression
in 69 HPA positive GC cases, with a positive rate of
39.4%, and 10 cases of MAPK positive expression in 30
HPA negative GC cases, with a positive rate of 11.1%.
Significantly higher MAPK positive expression in HPA
positive GC cases were observed than those in HPA
negative GC cases (P < 0.05), as shown in Table 6. This
result suggests that there is a significant correlation
between HPA expression and MAPK expression in GC.

RESULTS
HPA and MAPK protein expression in GC tissue is
higher than that in para-carcinoma tissue and normal
gastric tissue

To detect HPA and MAPK protein expression in GC,
immunohistochemical staining was carried out. Re
presentative results from the immunohistochemical
staining are shown in Figure 1 and detailed data are
shown in Table 1. As shown in Figure 1, HPA and MAPK
were not basally expressed in normal gastric tissue
and were seldom expressed in para-carcinoma tissue;
however, expression of HPA and MAPK was significantly
positive in GC tissue. As seen in Table 1, HPA and MAPK
were not basally expressed in normal gastric tissue, but
expression of HPA and MAPK was positive in GC and
para-carcinoma tissues, and expression of HPA and
MAPK in GC tissue was significantly higher than that in
para-carcinoma and normal tissues.

H. pylori infection in GC is relevant to the expression of
HPA and MAPK and leads to higher expression than that
in normal gastric tissue

To detect the H. pylori infection levels, the clinical C13
exhalation test and immunohistochemical staining of
surgical sections were used. There were 70 cases of H.
pylori infection out of 99 GC cases, with a positive rate
of 70.71%, and 10 cases of H. pylori infection out of
25 healthy control cases, with a positive rate of 40.0%.
There was a significant difference between the levels of H.
pylori infection in GC and those of normal gastric tissue
(P < 0.05), as revealed in Table 2. This result suggests
that there is a significant correlation between H. pylori
infection and GC.
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Table 2 Correlation between Helicobacter pylori infection and gastric cancer n (%)
H. pylori infection

Gastric cancer (n = 99)

Normal tissue (n = 25)

χ2

P value

C

29 (29.29)
70 (70.71)

15 (60.00)
10 (40.00)

8.221

0.004

0.229

Negative
Positive
H. pylori: Helicobacter pylori.

Table 3 Correlation analyses of Helicobacter pylori infection, heparanase and mitogen-activated protein kinase expression, and
gastric cancer pathological characteristics n (%)
Parameter
Age (yr)
< 60
≥ 60
Gender
Male
Female
Lymph node metastasis
Without
With
Tumour diameter
< 40 mm
≥ 40 mm
Differentiation degree
Poorly
Highly and moderately
Invasive depth
T1/2
T3/4

H. pylori infection

Cases
(n )

Positive

Negative

46
53

32 (32.3)
38 (38.4)

14 (14.1)
15 (15.2)

61
38

46 (46.5)
24 (24.2)

42
57

P value

HPA expression
Positive

Negative

0.816

31 (31.3)
38 (38.4)

14 (14.1)
16 (16.2)

15 (15.2)
14 (14.1)

0.193

42 (42.4)
27 (27.3)

24 (24.2)
46 (46.5)

18 (18.2)
11 (11.1)

0.011

57
42

40 (40.4)
30 (30.3)

17 (17.2)
12 (12.1)

40
59

28 (28.3)
42 (42.4)

39
60

31 (31.3)
39 (39.4)

P value

MAPK expression

P value

Positive

Negative

0.8731

22 (22.2)
28 (28.3)

24 (24.2)
25 (25.3)

0.619

18 (18.2)
12 (12.1)

0.935

27 (27.3)
23 (23.2)

34 (34.3)
15 (15.2)

0.115

23 (23.2)
46 (46.5)

19 (19.2)
11 (11.1)

0.006

24 (24.2)
26 (26.3)

18 (18.2)
31 (31.3)

0.257

0.892

39 (39.4)
30 (30.3)

17 (17.2)
13 (13.1)

0.989

25 (25.3)
25 (25.3)

32 (32.3)
17 (17.2)

0.123

12 (12.1)
17 (17.2)

0.899

26 (26.3)
43 (43.3)

14 (14.1)
16 (16.2)

0.402

23 (23.2)
27 (27.3)

17 (17.2)
32 (32.3)

0.252

8 (8.1)
21 (21.2)

0.122

33 (33.3)
36 (36.4)

6 (6.1)
24 (24.2)

0.009

24 (24.2)
26 (26.3)

15 (15.2)
34 (34.3)

0.077

HPA: Heparanase; MAPK: Mitogen-activated protein kinase; H. pylori: Helicobacter pylori.

whether H. pylori-induced upregulation of HPA is
mediated through the MAPK pathway, 20 μmol/L of the
MAPK inhibitor SB203580 was added to MKN-45 cells
for 2 h before they were cultured with H. pylori. The
expression of HPA protein was significantly higher when
H. pylori infected MKN-45 cells, but that upregulation
was significantly inhibited by SB203580 (Figure 2E and
F). The Transwell invasion (Figure 2G and H) and scratch
test migration (Figure 2I and J) assays confirmed that
the addition of SB203580 to H. pylori-infected MKN-45
cells markedly decreased the invasion and migration
abilities of MKN-45 cells.

Table 4 Correlation between heparanase expression and
Helicobacter pylori infection in gastric cancer
H. pylori

HPA expression

infection

Negative

Positive

Negative
Positive

14 (14.1)
16 (16.2)

15 (15.2)
54 (54.5)

χ2

P value

C

6.273

0.012

0.244

HPA: Heparanase; H. pylori: Helicobacter pylori.

H. pylori mediates the increase of HPA expression in
MKN-45 cells via the MAPK signalling pathway

To detect the effect of H. pylori infection on HPA exp
ression in GC cells, H. pylori and MKN-45 were cocultured at a ratio of 100 bacteria: 1 cell for 0 h, 6 h,
12 h, 24 h, and 48 h. Western blot assay confirmed the
enhancement of HPA expression at the protein level, and
this level peaked at 24 h in H. pylori-infected GC cells
(Figure 2A and B). To illustrate whether MAPK signalling
is involved in H. pylori-induced expression of HPA, the
expression of phosphorylated p38 MAPK (p-p38MAPK)
was detected by Western blot analysis when H. pylori
and MKN-45 were co-cultured for 0 min, 30 min, 60 min,
120 min, and 480 min. The expression of p-p38MAPK
was significantly higher after 30 min and peaked at 60
min, whereas the total amount of p38MAPK remained
unchanged (Figure 2C and D). To further illustrate
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H. pylori infection, HPA, and prognosis

HPA positive expression in GC significantly predicted
poor overall survival (P = 0.000) and poor relapse-free
survival (P = 0.006). Especially in H. pylori-infected GC,
HPA positive expression was a more significant factor for
predicting poor prognosis (overall survival, P = 0.000;
relapse-free survival, P = 0.007) (Figure 3).

H. pylori infection, MAPK, and prognosis

MAPK positive expression in GC cannot predict overall
survival (P = 0.063) or relapse-free survival (P = 0.163).
However, in H. pylori-infected GCs, MAPK positive
expression was a relatively significant factor for predicting
poor prognosis (overall survival, P = 0.007), but did not
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without. The lower the tissue differentiation of patients
with GC, the higher the risk of death (HR = 3.452, P =
0.013). The greater the invasion of GC, the higher the
risk of death [risk ratio (RR) = 2.542, P = 0.015]. The
higher the expression of HPA protein in GC tissues, the
shorter the survival time of patients (RR = 2.463, P =
0.015) (Table 8)

Table 5 Correlation between mitogen-activated protein
kinase expression and Helicobacter pylori infection in gastric
cancer
H. pylori
infection

MAPK expression
Negative

Positive

Negative
Positive

19 (19.2)
30 (30.3)

10 (10.1)
40 (40.4)

χ2

P value

C

4.212

0.04

0.202

DISCUSSION

MAPK: Mitogen-activated protein kinase; H. pylori: Helicobacter pylori.

HPA has been documented in many primary human
[26-28]
[29]
tumours
, including GC , and is known to have
multiple vital functions in accelerating tumour growth,
[30-32]
angiogenesis, and tumour metastasis
. MAPK,
including JNK, ERK, and p38 kinase, plays pivotal roles in
[33-36]
proliferation, invasion, and migration of cancer cells
.
[37-39]
There are many studies
that have shown that H.
pylori infection leads to increased p38MAPK in GC cells,
[40]
and it has also been shown
that p38MAPK leads to
HPA elevation. This study showed that HPA and MAPK
expression was significantly higher in patients with GC
than that in para-carcinoma and normal gastric tissues.
Our research also confirmed that HPA was highly
expressed in GC cells, as has been previously reported
[41,42]
in the literature
. To explain the correlation between
HPA and MAPK expression and the clinical pathology of
GC cases, we first investigated the clinicopathological
characteristics. Positive expression of HPA was associated
with lymph node metastasis and depth of invasion, but
not with age, gender, tumour diameter, or differentiation
degree. In addition, positive MAPK expression was only
associated with depth of invasion, which illustrates that
HPA is involved in the invasion and metastasis of GC
and that MAPK is primarily involved in the proliferation
of GC cells. This research also suggests that there is a
significant correlation between HPA expression and MAPK
expression in GC.
H. pylori, as a class Ⅰ carcinogen, causes invasion,
[43,44]
proliferation, and metastasis of GC cells
, but its
specific mechanism of action remains unclear. It has
[45,46]
been reported
that infections can cause a HPA
elevation. H. pylori, as a bacterium, is associated with
various human gastric diseases, especially gastritis and
GC, but there has been no evaluation of whether H.
pylori infection causes an increase in HPA in GC, which
would contribute to the invasion and metastasis of GC. In
the present study, it was revealed that H. pylori infection
is significantly associated with HPA expression and that
a positive H. pylori infection is connected to lymph node
metastasis. To further elucidate the effect of H. pylori
infection leading to heparanase elevation in GC, MKN-45
GC cells were infected by H. pylori. We showed that
HPA expression was the highest at 24 h post H. pylori
infection in these GC cells and the abilities of invasion and
metastasis were increased when GC cells were infected
by H. pylori.
[37-39]
There are many studies
showing that H. pylori
infection leads to increased p38MAPK in GC cells, and it
[40]
has been shown that
p38MAPK leads to elevation of

Table 6 Correlation between heparanase expression and
mitogen-activated protein kinase expression in gastric cancer
HPA
expression

MAPK expression
Negative

Positive

Negative
Positive

20 (19.2)
29 (30.3)

10 (11.1)
40 (39.4)

χ2

P value

C

5.077

0.024

0.221

HPA: Heparanase; MAPK: Mitogen-activated protein kinase.

predict relapse-free survival (P = 0.557) (Figure 4).

Prognostic analysis using the COX regression model

Univariate COX regression analysis: By applying
the COX regression model to single factor prognostic
analysis, a stepwise regression approach was used. The
results showed that there was no correlation between
gender, age, and tumour diameter. However, lymph node
metastasis in GC patients had a significant influence
on prognosis (P = 0.003). The degree of histological
differentiation had a positive impact on the prognosis of
patients with GC (P = 0.003); the tumour invasion depth
was also significantly associated with the prognosis of
GC patients (P = 0.015). The level of HPA expression
also had a very important role in the prognosis of GC
patients (P = 0.000), and MAPK expression also had an
influence on the prognosis of GC patients (P = 0.031).
Whether H. pylori infection was present in patients with
GC had no correlation with prognosis (P = 0.849), but
H. pylori infection may play an important role in the
initiation of GC. Therefore, the univariate COX regression
analysis showed that lymph node metastasis, tissue
differentiation, depth of invasion, and HPA expression
in GC tissues were significantly correlated with the
prognosis of patients (Table 7).
Multivariate COX regression analysis: The COX
regression multivariate model was used for analysis. The
results showed that age, sex, tumour diameter, MAPK
expression, and H. pylori infection were all removed
from the model and that lymph node metastasis, tissue
differentiation, depth of invasion, and HPA expression
were independent prognostic factors that affected the
overall survival rate of GC patients. The relative risk of
lymph node metastasis in GC tissues [hazard ratio (HR)
= 4.443, P = 0.000] indicated that there was a higher
risk of death (increased by 6.52 times) in GC patients
with lymph node metastasis compared with those
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Figure 2 Heparanase protein expression following Helicobacter pylori infection in MKN-45 gastric cancer cells via the mitogen-activated protein kinase
signaling pathway. A: Heparanase (HPA) expression was determined by Western blot at 0, 6, 12, 24, and 48 h after Helicobacter pylori (H. pylori) infection; B:
Quantitative Western blot results of HPA; C: p-p38MAPK expression was determined by Western blot at 0, 30, 60, 120, and 480 min after H. pylori infection; D:
Quantitative Western blot results of p-p38MAPK; E: HPA expression when the MAPK inhibitor SB203580 was given to MKN-45 cells before H. pylori infection; F:
Quantitative Western blot results of HPA when the MAPK inhibitor SB203580 was given. bP < 0.01 compared with the value at 0 h. G, H: Cell invasion rates in the
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WJG|www.wjgnet.com

4572

October 28, 2018|Volume 24|Issue 40|

Liu LP et al . HPA in H. pylori positive GC
Table 7 Univariate COX regression analysis
Variable

Overall survival

Gender (man vs women)
Age (≥ 60 vs < 60)
Tumour diameter (≥ 40 mm vs < 40 mm)
Lymph metastasis (yes vs no)
Tissue differentiation (high and medium vs low)
Invasive depth (T3/4 vs T1/2)
HPA expression (positive vs negative)
MARK expression (positive vs negative)
H. pylori (positive vs negative)

HR

95%CI

P value

0.952
1.113
1.285
2.667
4.156
2.464
3.282
2.083
1.065

0.498-1.821
0.581-2.130
0.684-2.413
1.381-5.128
1.622-10.656
1.189-5.104
1.968-7.475
1.068-4.065
0.556-2.045

0.882
0.747
0.436
0.003
0.003
0.015
0.000
0.031
0.849

HPA: Heparanase; MAPK: Mitogen-activated protein kinase; H. pylori: Helicobacter pylori; HR: Hazard ratio; CI: Confidence interval.
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Figure 3 Kaplan-Meier survival plots for overall survival and relapse-free survival according to heparanase expression and Helicobacter pylori infection
status. A: Heparanase (HPA) expression status (negative or positive) and the prognosis of all gastric cancer cases. HPA positive staining includes all cases of 1+,
2+, and 3+. HPA positive expression detected by immunohistochemical staining significantly predicts poor overall survival and relatively poor relapse-free survival; B:
Kaplan-Meier survival according to HPA status in Helicobacter pylori positive gastric cancer cases. HPA positive expression significantly predicts poor overall survival
as well as relapse-free survival. HPA: Heparanase; H. pylori: Helicobacter pylori.

HPA. Therefore, we hypothesized that H. pylori infection
causes an increase in HPA in GC via the MAPK pathway.
In this study, it was demonstrated that H. pylori infection
was significantly associated with MAPK expression and
that there was a significant correlation between HPA
expression and MAPK expression in GC. In MKN-45 GC
cells infected by H. pylori, H. pylori infection significantly
enhanced the expression of MAPK. MAPK expression
peaked at 60 min post H. pylori infection in MKN-45 cells.
Inhibition of MAPK by SB203580 significantly decreased
the expression of HPA and the invasion and metastasis
of MKN-45 cells infected by H. pylori. Therefore, we
speculate that H. pylori infection in GC activates MAPK

WJG|www.wjgnet.com

signalling, leading to the activation of HPA.
HPA expression is a poor prognostic factor in some
[47-49]
[50,51]
cancers
, including GC
. In the present study, it
was revealed that positive expression of HPA was able
to predict the malignancy of GC due to its correlation
with lymphatic metastasis and invasive depth. Beyond
that, positive expression of HPA was a poor prognostic
factor for overall survival and relapse-free survival
compared with HPA negative cases, which was consistent
[52]
with previously published reports . Especially in GC
patients with an obvious H. pylori infection, HPA positive
expression indicated a poorer prognosis both in overall
survival and in relapse-free survival, which illustrates

4573

October 28, 2018|Volume 24|Issue 40|

Liu LP et al . HPA in H. pylori positive GC
Table 8 Multivariate COX regression analysis
Variable

Overall survival

Lymph metastasis (yes vs no)
Tissue differentiation (high and medium vs low)
Invasive depth (T3/4 vs T1/2)
HPA expression (positive vs negative)

HR

95%CI

P value

4.443
3.452
2.542
2.463

2.185-9.036
1.299-9.176
1.198-5.392
1.195-5.076

0.000
0.013
0.015
0.015

HPA: Heparanase; HR: Hazard ratio; CI: Confidence interval.
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Figure 4 Kaplan-Meier survival plots for overall survival and relapse-free survival according to mitogen-activated protein kinase expression and Helicobacter
pylori infection status. A: Mitogen-activated protein kinase (MAPK) expression status (negative or positive) and prognosis of all gastric cancer cases. MAPK positive
staining includes all cases of 1+, 2+, and 3+. MAPK positive expression detected by immunohistochemical staining cannot predict overall survival or relapse-free survival;
B: Kaplan-Meier survival according to MAPK status in Helicobacter pylori (H. pylori) positive gastric cancer cases. MAPK positive expression significantly predicts poor
overall survival in H. pylori positive gastric cancer cases, but does not predict relapse free survival. MAPK: Mitogen-activated protein kinase; H. pylori: Helicobacter pylori.

that HPA is an important factor for the prediction of
prognosis and relapse of GC and that H. pylori infection
leads to an increase of HPA expression, which can
worsen the prognosis of GC and make recurrence more
likely. Compared to HPA, positive MAPK expression only
predicted prognosis in overall survival of GC patients,
[53]
which was consistent with previous reports , but
MAPK expression could not predict a relapse in H.
pylori-infected GC. Thus, MAPK expression cannot be
used to determine the prognosis of GC patients with
H. pylori infection, but a poor prognosis of GC patients
with positive HPA expression is associated with H. pylori
positive cases, which suggests that therapy against
HPA should be taken into account when GC patients are
infected with H. pylori.
Univariate COX regression analysis showed that
lymph node metastasis, degree of histological differen
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tiation, and invasive depth in GC patients had a signi
ficant influence on prognosis, which was identical to
[54]
the results of previously published reports . Moreover,
in the univariate COX regression analysis, the levels of
HPA and MAPK expression also had an influence on the
prognosis of GC patients. Similarly, multivariate COX
regression analysis showed that lymph node metastasis,
tissue differentiation, depth of invasion, and HPA protein
expression level were independent prognostic factors
that affected the overall survival rate of GC patients.
In addition to using the clinical characteristics to judge
prognosis, such as lymph node metastasis, tissue differen
tiation, and depth of invasion, HPA is still an important
factor as a biomarker to judge the prognosis of GC,
[51]
which is consistent with the report by Takaoka et al .
In conclusion, the results of the current study demon
strate that H. pylori infection is not only the primary factor
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involved in GC but is also involved in the invasion and
metastasis of GC by upregulating HPA expression, which
is likely mediated via activation of the MAPK signalling
pathway. HPA is an important factor for predicting the
prognosis and relapse of GC, and H. pylori infection
increases HPA expression, which makes the prognosis
of GC more aggressive and recurrence more likely,
suggesting that therapy against HPA should be taken into
consideration when GC patients are infected with H. pylori.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

6

The underlying mechanism that Helicobacter pylori (H. pylori) infection results
in gastric cancer (GC) is still unknown. Heparanase (HPA) leads to the invasion
and metastasis of GC. However, it is not clear whether H. pylori infection in
GC increases HPA expression. Such finding suggests that HPA may become a
therapeutic target for GC with H. pylori infection.

7

Research motivation

Although there have been increasing numbers of studies indicating that H.
pylori infection results in GC, the underlying mechanism is still unknown. HPA
is expressed in many tumours and leads to the invasion and metastasis of
tumour, especially in GC. H. pylori infection can induce the development of GC
by activating mitogen-activated protein kinase (MAPK) which is closely related
to the expression of HPA. However, it is not clear whether MAPK is involved in
the regulation of HPA expression following H. pylori infection that leads to GC.

8

9

Research objectives

To detect the mechanisms of H. pylori infection in the invasion and metastasis
of GC.

10

Research methods

Immunohistochemistry method was used to detect H. pylori infection and HPA
and MAPK expression in GC tissue, and their association with the clinical
features of GC was analysed with SPSS 22.0. Kaplan-Meier method and
COX proportional models were used to analyse prognosis. HPA and MAPK
expression in MKN-45 cells infected with H. pylori was analysed using Western
blot.

11

12

Research results

13

This study demonstrates that H. pylori infection increases HPA expression in
GC, which is likely mediated via activation of the MAPK signaling pathway.

Research conclusions

14

The current study shows that H. pylori infection is involved in the invasion and
metastasis of GC by upregulating HPA expression, which is likely mediated
via activation of the MAPK signaling pathway. HPA is an important factor for
predicting the prognosis and relapse of GC with H. pylori infection.
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Research perspectives

HPA may become a therapeutic target for GC with H. pylori infection.
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Abstract
AIM
To investigate the efficacy and safety of endoscopic stent
insertion in patients with delayed gastric emptying after
gastrectomy.
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METHODS
In this study, we prospectively collected data from patients
who underwent stent placement for delayed gastric emp

Data sharing statement: No additional data are available.
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tying (DGE) after distal gastrectomy between June 2010
and April 2017, at a tertiary referral academic center. Clini
cal improvement, complications, and consequences after
stent insertion were analyzed.

node dissection, has become the mainstay of surgical
management. With minimally invasive surgery becoming
popular, the quality of life after surgical resection has
[5-9]
improved . Despite the use of advanced techniques,
complications related to surgery are unavoidable. After
gastric resection, bowel recovery can be delayed in a
proportion of patients. Postgastrectomy syndromes,
such as reflux esophagitis and dumping syndrome, can
occur after distal gastrectomy. These complications are
closely associated with the frequency of gastric emp
[10,11]
tying
. Moreover, longstanding gastric stasis following
gastric resection can occur occasionally. The prevalence
of postoperative delayed gastric emptying (DGE) has
[12-14]
been shown to be between 5% and 30%
. It is cha
racterized by an inability to consume regular meals with
no evidence of anatomical narrowing or obstruction.
Functional abnormality or inflammation at the anasto
motic site could also lead to postoperative DGE. Some
times, DGE may be associated with major postoperative
adverse events, such as pancreatitis or pneumonia, and
[12]
truncal vagotomy . Moreover, it is likely that there are
other unknown causes that cannot be clinically explained.
The primary therapeutic approach for postoperative
DGE could be observation with nutritional support and
administration of prokinetics. Reoperation to treat post
operative DGE is performed only in patients exhibiting
severe and longstanding symptoms of outlet obstruction,
[14,15]
necessitating drainage or non-oral route feeding
.
However, there have been no suitable recommendations
for the treatment of postoperative DGE.
Recently, self-expandable metallic stent (SEMS)
placement has emerged as an effective and practical
method not only for the management of gastrointestinal
malignancy-associated narrowing or obstruction but
also for benign stenosis or leaks of the gastrointestinal
[16-18]
tract
. To the best of our knowledge, there has been
no study mentioning the efficacy and safety of SEMS
in patients with DGE after gastrectomy. We assumed
that SEMS placement in the outlet area may facilitate
rapid resumption of oral intake of foods and recovery of
general patient conditions, resulting in a shorter hospital
stay in patients with DGE after gastrectomy. We analyzed
and described our experience with SEMS placement in
patients with DGE exhibiting longstanding obstructive
symptoms after gastrectomy.

RESULTS
Technical success was achieved in all patients (100%).
Early symptom improvement was observed in 15 of 20
patients (75%) and clinical success was achieved in all
patients. Mean follow-up period was 1178.3 ± 844.1 d
and median stent maintenance period was 51 d (range
6-2114 d). During the follow-up period, inserted stents
were passed spontaneously per rectum without any
complications in 14 of 20 patients (70%). Symptom im
provement was maintained after stent placement without
the requirement of any additional intervention in 19 of 20
patients (95%).
CONCLUSION
Endoscopic stent placement provides prompt relief of
obstructive symptoms. Thus, it can be considered an ef
fective and safe salvage technique for post-operative DGE.
Key words: Self-expandable metal stent; Delayed gastric
emptying; Gastrectomy; Salvage technique; Symptom
improvement
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Delayed gastric emptying (DGE) after distal
gastrectomy is a significant postoperative complication,
and appropriate treatment measures are not yet available.
This retrospective study investigated the efficacy and
safety of self-expandable metallic stents in patients with
DGE after gastric surgery. We found that endoscopic
stent placement provided prompt relief of obstructive
symptoms, with a low rate of complications, and no need
for additional surgical interventions.
Kim SH, Keum B, Choi HS, Kim ES, Seo YS, Jeen YT, Lee HS,
Chun HJ, Um SH, Kim CD, Park S. Self-expandable metal stents
in patients with postoperative delayed gastric emptying after distal
gastrectomy. World J Gastroenterol 2018; 24(40): 4578-4585
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i40/4578.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i40.4578

MATERIALS AND METHODS
Patient enrolment

INTRODUCTION

We prospectively collected data from June 2010 to April
2017. The total number of distal gastrectomies performed
during the same period was 891. Twenty patients (2.2%)
underwent stent insertion for postoperative DGE. DGE
was defined as the failure to consume and/or tolerate
a regular diet even after the seventh postoperative
[14,19,20]
day
. We enrolled postoperative DGE patients who
were not responsive to conservative management. Pa
tients were kept “nil per oral” (NPO) and received con
servative management with nutritional support and ad

Gastric cancer is one of the most common types of
gastrointestinal malignancies. Every year, 950000 people
are newly diagnosed with gastric cancer and 700000
[1-4]
gastric cancer-related deaths occur . Although endo
scopic therapy is a useful and effective therapeutic
modality for early gastric cancer, to date the only curative
treatment option has been surgical resection. Recently,
laparoscopy-assisted gastrectomy, which is less invasive
than conventional gastrectomy, with or without lymph
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A

B

C

D

Figure 1 Delayed gastric emptying fourteen days after subtotal gastrectomy. A: Food is retained in the remnant stomach because of passage delay at the
anastomotic site; B: An endoscope is passed through the anastomotic site; C: On gastroscopy, a patent lumen with edematous mucosa is observed on the efferent
loop side; D: Despite the patency of the E-loop, delayed gastrojejunal passage is seen on upper gastrointestinal series.

A

by decreasing the occurrence of diarrhea and formation
[22]
of postgastrectomy gallstones . All surgical procedures
were performed under general anesthesia. Postoperative
oral food intake was permitted following the first bowel
movement.

B

Stent characteristics

The stent (M. I. Tech, Seoul, South Korea) diameters
ranged from 18-20 mm and were 70-, 90-, and 110-mm
long. All SEMSs used were partially covered; their central
body portion was covered with a silicone membrane and
the flared portions of both ends were bare. The length of
the stent was determined by the endoscopist based on
the appearance of gastrojejunostomy anastomotic site
and the efferent loop.

Figure 2 Placement of self-expandable metal stent. A: A catheter is placed
through the lumen; B: A self-expandable metal stent (10-mm in length) is
released following adjustment for the suitable position.

ministration of prokinetics before stent placement.
For each case, we recorded the diagnosis, type
of gastric procedure performed, hospital course, post
operative day when oral food intake was resumed, and
postoperative problems. All patients were assessed using
gastroscopy and upper gastrointestinal (UGI) series with
gastrografin during diagnosis and treatment (Figure 1).
Patients who were suspected of DGE, but did not
undergo gastroscopy or UGI series testing, were ex
cluded from the study. This study was reviewed by and
ethical approval was obtained from the Korea University
Anam Hospital Institutional Review Board (IRB No.
ED13047).

Stent placement

Endoscopic stent deployment was performed using a
GIF-2TQ260M endoscope (Olympus Optical Co., Ltd,
Tokyo, Japan). An experienced endoscopist performed
stent placement following a combined fluoroscopic and
endoscopic method (Figure 2). Stent placement was
performed according to the procedural details described
[23]
previously . All procedures were performed under
standard conscious sedation using propofol and/or mi
dazolam. Patients were maintained in either the left
decubitus or prone position during stent placement.

Definitions

Surgical procedure

We defined technical success of stent placement as the
adequate deployment of the stent at the anastomosis
site. Satisfactory relief of gastric stasis at 14 d was
defined as clinical success, after which resumption of oral
intake was possible. Early symptom improvement was
defined as oral intake resumption within 2 d following
stent placement.

Procedures were performed according to standard treat
[21]
ment algorithms . Laparoscopy-assisted distal gastrec
tomy (LADG) was performed by two surgeons with con
siderable experience with the procedure. During surgery,
resection was performed, leaving an adequate resection
margin. D2 lymph node dissection was performed ac
cording to guidelines in all patients. Reconstruction after
gastrectomy was performed using one of the following
reconstruction methods depending on the surgeon’s
preference: (1) BillrothⅠ gastroduodenostomy and (2)
Billroth Ⅱ gastrojejunostomy. During surgery, the vagal
nerve was preserved because it has been shown to be
helpful in improving the quality of life after gastrectomy

WJG|www.wjgnet.com
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Patients were followed up until they were lost to follow-up
or dead. During follow-up, symptom improvement was
evaluated by gastroscopy, interviews with patients, and
abdominal radiographic examination. Patient symptoms
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and obstructive signs were monitored and used to iden
tify stent failure. When stent failure was suspected,
endoscopic assessment and abdominal radiography
were performed to evaluate patency. Data were acquired
from endoscopic findings, radiologic reports, and clinical
records.

Table 1 Baseline characteristics n (%)
Variable

Number of patients

Sex
Male
Female
Comorbidity
DM
HTN
Psychological disorder
Histologic type
Well differentiated
Moderately differentiated
Poorly differentiated
Tumor location
Body
Antrum
Operation method
LADG, B-Ⅰ
LADG, B-Ⅱ

13 (65)
7 (35)
6 (30)
7 (35)
3 (15)

Statistical analysis

Data are shown as mean, median, standard deviation,
and percentages. The stent maintenance period deter
mined during follow-up was assessed by Kaplan-Meier
analysis. Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 20.0 (IBM Corp.,
Armonk, NY, United States).

3 (15)
5 (25)
12 (60)
9 (45)
11 (55)

RESULTS

10 (50)
10 (50)

Patient population

The mean patient age was 65.9 ± 11.4 years (range
35-82 years) (Table 1). Gastroscopic examination
presented no mechanical obstruction or stricture of the
anastomotic site in any patient, and the gastroscope
could freely pass through the gastroenteric anastomosis.
The UGI series showed contrast passage delay through
the anastomosis, but no obvious mechanical obstruction,
stricture, or leakage of anastomosis was observed.
Baseline gastric outlet obstruction scoring system
(GOOSS) scores suggested that patients had adjusted
their diet to compensate for DGE (Table 2).

DM: Diabetes mellitus; HTN: Hypertension; LADG: Laparoscopy-assisted
distal gastrectomy; B-Ⅰ: Billroth-Ⅰ; B-Ⅱ: Billroth-Ⅱ.

Table 2 Baseline gastric outlet obstruction scoring system
score and obstructive symptoms n (%)
Characteristic

Number of patients

GOOSS score
No oral intake (0)
Only liquid diet (1)
Soft solid diet (2)
Low residue or normal diet (3)
Obstructive symptom
Abdominal pain
None
Moderate
Severe
Vomiting
None
Moderate
Severe
Nausea
None
Moderate
Severe
Regurgitation
None
Moderate
Severe

5 (25)
10 (50)
5 (25)
0 (0)

Procedural details

A total of 20 patients underwent stent placement for
DGE after distal gastrectomy (Figure 3). Technical suc
cess was achieved in all patients (100%). Procedures
were performed using forward-viewing gastroscopes in
all patients. The most frequently deployed stent length
was 90 mm (65%), followed by 70 mm (25%) and 110
mm (10%) (Table 3). After stent placement, patients
remained hospitalized for a mean of 6.8 ± 4.6 d (range
2-21 d).

7 (35)
12 (60)
1 (5)
5 (25)
10 (50)
5 (25)
3 (15)
11 (55)
6 (30)

Stent patency

5 (25)
10 (50)
5 (25)

Stent patency at 14 d was 80% (16 patients). Before
th
the 14 d follow-up, four patients experienced stent
migration, but they had no significant symptoms and did
not need further intervention. Mean follow-up period was
1178.3 ± 844.1 d (Figure 4). Stent maintenance period
determined during follow-up was assessed by KaplanMeier analysis (Figure 5). The median stent maintenance
duration was 51 d (range 6-2114 d). In a patient with
preserved stent maintenance, 1-year follow-up gastro
scopy revealed a slightly stenotic anastomotic site with
a metal stent, but the gastroscope could be passed.
Granulation tissue was observed around the anastomotic
site.

GOOSS: Gastric outlet obstruction scoring system.

A

B

Clinical outcomes

During the study, over 90% of patients experienced
relief in the obstructive symptoms after stent placement
compared with the baseline obstructive symptoms (Table

Figure 3 Inserted self-expandable metal stent. A: A stent is deployed at
the anastomotic site with endoscopic clips; B: The stent is identified on an
abdominal radiograph (arrow).
WJG|www.wjgnet.com
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Table 3 Comparison of details between patients
Patient
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Tumor
location

Operation type

Stent type

Duration for
Symptom
improvement

Stent patency

Duration from
operation to
stent placement

Hospital stay
after stent
insertion

Total hospital
stay

Antrum
Antrum
Mid body
Low body
Low body
Body
Antrum
Body
Antrum
Antrum
Antrum
Low body
Body
Antrum
Antrum
Antrum
Body
Body
Antrum
Antrum

LADG (B-Ⅰ)
LADG (B-Ⅰ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅱ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅱ)
LADG (B-Ⅰ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅱ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅱ)
LADG (B-Ⅰ)
LADG (B-Ⅱ)
LADG (B-Ⅱ)

90-mm covered stent
90-mm covered-stent
70-mm covered stent
90-mm covered stent
90-mm covered stent
70-mm covered stent
110-mm covered stent
90-mm covered stent
70-mm covered stent
90-mm covered stent
90-mm covered stent
70-mm covered stent
110-mm covered stent
90-mm covered stent
90-mm covered stent
90-mm covered stent
90-mm covered stent
90-mm covered stent
90-mm covered stent
70-mm covered stent

2
3
1
2
2
6
5
3
2
1
5
1
2
2
1
1
1
1
1
0

758
80
2114
54
17
6
194
9
14
98
8
1675
24
40
51
42
64
23
4
52

17
25
28
27
31
26
23
28
14
12
24
7
14
9
15
23
11
21
9
9

7
5
7
6
3
10
13
12
4
5
8
2
6
8
3
2
21
3
9
2

31
34
38
35
36
37
42
42
25
21
35
21
23
25
20
27
35
31
19
21

LADG: Laparoscopy-assisted distal gastrectomy; B-Ⅰ: Billroth-Ⅰ; B-Ⅱ: Billroth-Ⅱ.

Table 4 Change in severity of obstructive symptoms (abdominal pain, vomiting, nausea, and regurgitation) after stent placement
Characteristics
Number of patients available for follow-up
Patients with all symptoms maintained or improved compared with baseline (%)
Patients with any symptom worsening compared to baseline (%)

A

1 yr

2 yr

3 yr

4 yr

5 yr

15
93
7

10
90
10

8
100
0

7
100
0

3
100
0

1.0

B

Stent maintenance

0.8
0.6
0.4
0.2

Figure 4 Patent anastomotic site on follow-up gastroscopy. A: Anastomotic
lumen is patent; B: The stent is not identified on a follow-up abdominal
radiograph.

0.0
0

500

      1000

   

1500

t /d

4). After stent placement, early symptom improvement
was achieved in 15 of 20 patients (75%). The rate of
clinical success 14 d after stent placement was 100%.
During the follow-up period, inserted stents were spon
taneously passed per rectum in 14 of 20 patients (70%)
and no significant complications were noted. Moreover,
symptom improvement was maintained after stent place
ment without the requirement of any additional stent or
surgical procedure in 19 of 20 patients (95%).

Figure 5 Kaplan–Meier estimates of the stent maintenance period. The
Kaplan–Meier curve is shown. At 30 d, the estimated stent maintenance rate
is 58.8%. Inserted stents were passed per rectum spontaneously in 14 of 20
patients (70%) with no significant complications.

in this study. After stent placement, there were no
immediate adverse events, such as perforation or as
piration pneumonia (Table 5). The most common GI
adverse event was stent migration. Stent migration
occurred between 6 and 194 d after stent placement.
Most of the migrated stents spontaneously passed per
rectum. In one patient, the stent had migrated into the

Adverse events

There was no procedure- or device-associated mortality
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Table 5 Gastrointestinal events after self-expandable metallic stent insertion
Adverse event
Stent occlusion
GI bleeding
Bowel perforation
Severe abdominal pain
Stent migration
Stent fracture
Total

Total number of events

% of patients

Stent-related events

% of patients

0
0
0
2
15
1
18

0
0
0
11.1
83.3
5.6
100

0
0
0
0
15
1
16

0
0
0
0
93.7
6.3
100

GI: Gastrointestinal.

stomach, and stent extraction was performed with rat
tooth forceps. In another patient, a stent fracture was
noted and an additional stent was inserted immediately.
Two further patients experienced severe abdominal pain.
All these events were considered to be associated with
postsurgical bowel adhesion and were not stent related.
There was no adverse event caused by distal stent
migration.

conservative treatment or reoperation.
In this study, stent placement rapidly resolved ob
structive symptoms without severe adverse events
and the patient could be discharged with resumption of
oral intake within a short duration after stent insertion.
The stenting procedure itself is a minimally invasive
therapeutic approach, which can be performed using
simple fluoroscopy-guided endoscopy. Although experts
are required for stent insertion, it is a relatively simple
procedure. After stent insertion, patients did not require
prolonged fasting or hospitalization, while the quality
of life of patients improved, and adverse events did
not occur. We did not need to remove the inserted
stent in any patient. Deployed stents were passed per
rectum spontaneously after some time. There were no
associated complications.
At present, literature concerning stent placement
for DGE after surgical gastrectomy is scarce. Stent
deployment in patients with DGE after distal gastrectomy
in this study resulted in effective and favorable outcomes.
It is difficult to determine an optimal time for stent
removal as early removal may decrease the effect of
stenting and late removal could induce stent ingrowth.
Therefore, we did not make a fixed decision regarding
the appropriate timing of stent extraction. We did not
extract the deployed stent because we believed that
it would be better if it remained in position for as long
as possible. We performed endoscopic clipping at the
proximal end of the stent to prevent immediate migration
after stent placement as there was no anatomical ste
nosis that would induce mechanical obstruction. When
the stent migrated, it was passed per rectum spon
taneously without any adverse events and did not need
any surgical procedure.
Considering these results, physicians should consider
stent placement in patients with postoperative DGE,
especially, when rapid oral diet resumption could be
helpful for patients. This method can relieve obstructive
symptoms rapidly, shorten hospital stay, and increase
patient satisfaction, and quality of life.
In conclusion, endoscopic stent placement resulted
in a high technical success rate and rapid symptom
improvement in patients with postoperative DGE. Further
surgical intervention was not necessary in all cases. Endo
scopic stenting could be considered a useful treatment
option for DGE after gastrectomy.

DISCUSSION
In the present study, we evaluated the efficacy of
SEMS insertion for DGE following surgical gastrectomy.
Endoscopic stent placement provides prompt relief of
obstructive symptoms.
During the first 1-3 wk after distal gastrectomy,
postoperative DGE can occur due to different potential
[12-14]
causes
. Of these, a mechanical problem may be the
cause of the persistent increase in gastric remains. Acute
angulation, kinking, long-term edema, or congestion of
anastomotic lesions may also cause postoperative DGE.
To date, various therapeutic approaches have been used
[19,20]
for the treatment of postoperative DGE
. Although
initial observation with conservative management in
cluding non-oral-route nutritional support is preferred, it
is difficult for patients to maintain NPO status for more
than 2-3 wk. Moreover, there is no appropriate way
to evaluate the degree of improvement of DGE; thus,
decision-making regarding treatment continuation or
termination is difficult. Reoperation might be performed
in situations in which nutritional support by a feeding
jejunostomy is needed or when an efferent limb or
[12]
stomal obstruction occurs . However, reoperation in
creases the risk of morbidity and mortality, although it
might appear to be more effective than conservative
treatment. The current methods for postoperative DGE
might therefore present less effective outcomes or po
tential morbidity associated with medications or surgical
procedures.
If DGE in a patient improves after a short duration of
conservative management, further therapeutic planning
is not needed. If not, the subsequent therapeutic step
needs to be planned. It is often preferable not to select
surgery directly, but to plan a bridge or substitutive the
rapy that can likely fill the gap. In such a clinical situation,
stent placement could be ideal, compared with medical
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

5

Delayed gastric emptying (DGE) after gastric surgery is one of the main
postoperative complications. However, there have been no appropriate
treatment measures for this distressing clinical situation. Recently, selfexpandable metallic stent (SEMS) placement has become an effective and
practical method not only for the management of gastrointestinal malignancyassociated problems but also for benign stenosis or leaks of the gastrointestinal
tract.

6

7

Research motivation

The currently available methods for postoperative DGE might present less
effective outcomes or potential morbidities associated with medications or
surgical procedures.
8

Research objectives

The objective of this study was to analysis whether SEMS placement in the
outlet area may facilitate rapid resumption of oral food intake and recovery of
the general condition, resulting in shorter hospital stays in patients with DGE
after gastrectomy.

9

Research methods

10

We prospectively collected data from 20 patients who underwent stent insertion
for postoperative DGE. We recorded the diagnosis, type of gastric procedure
performed, hospital course, postoperative day when oral food intake was
resumed, and postoperative problems. Assessment for clinical improvement,
complications, and consequences after stent insertion were performed.

11
12

Research results

Stent placement for postoperative DGE relieved obstructive symptoms rapidly,
shortened hospital stay, and increased patient satisfaction and quality of life.
Endoscopic stent placement presented a high technical success rate and rapid
symptom improvement in patients with postoperative DGE. Moreover, no further
surgical procedures were necessary in all cases. Endoscopic stenting could be
considered a useful treatment option for DGE after gastrectomy.

13
14
15

Research conclusions

This study showed the efficacy of SEMS insertion for DGE following surgical
gastrectomy. Endoscopic stent placement provides prompt relief of obstructive
symptoms due to various causes after distal gastrectomy. The stenting
procedure itself is a minimally invasive therapeutic alternative, which can be
performed via simple fluoroscopy-guided endoscopy. After stent insertion,
patients did not require prolonged fasting or hospitalization, the quality of life
of the patients improved, and adverse events did not occur. Physicians could
consider stent placement in patients with postoperative DGE, especially, when
rapid oral diet resumption could be helpful for patients.

16

Research perspectives

18

17

Endoscopic stent placement, which is minimal invasive procedure, resulted in
a high technical success rate and rapid symptom improvement in patients with
postoperative DGE. In future research, direct comparison of clinical efficacy
between stent placement and other therapeutic method could be helpful for
physicians.

19
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Abstract

Yu-Wen Hu, Department of Oncology, Taipei Veterans General
Hospital, Taipei 11217, Taiwan

AIM
To investigate second primary malignancy (SPM) risk
after radiotherapy in rectal cancer survivors

Author contributions: Wang TH, Liu CJ, Chao TF, Chen TJ
and Hu YW designed research; Wang TH, Liu CJ and Chao TF
performed research; Wang TH, Chen TJ and Hu YW contributed
new reagents or analytic tools; Wang TH and Hu YW analyzed
data; Wang TH wrote the paper.

METHODS
We used Taiwan’s National Health Insurance Research
Database to identify rectal cancer patients between
1996 and 2011. Surgery-alone, preoperative short
course, preoperative long course, and post-operative
radiotherapy groups were defined. The overall and sitespecific SPM incidence rates were compared among the
radiotherapy groups by multivariate Cox regression,
taking chemotherapy and comorbidities into account.
Sensitivity tests were performed for attained-year
adjustment and long-term survivors analysis.
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RESULTS
A total of 28220 patients were analyzed. The 10-year
cumulative SPM incidence was 7.8% [95% confidence
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interval (CI): 7.2%-8.2%] using a competing risk
model. The most common sites of SPM were the lung,
liver, and prostate. Radiotherapy was not associated
with increased SPM risk in multi-variate Cox model
(hazard ratio = 1.05, 95%CI: 0.91-1.21, p = 0.494).
The SPM hazard remained unchanged in 10-yearsurvivors. In addition, no SPM risk difference was
found between the preoperative radiotherapy and
postoperative radiotherapy groups.

grounds, cancer-related treatments, lifestyles, and en
[8]
vironmental risk factors . Although several studies have
investigated the relationship between radiotherapy and
SPM in rectal cancer patients, the conclusions have been
[9-12]
diverse
. Most studies have only addressed the initial
treatment, which leads to results that are affected by
potential confounders, such as comorbidities and other
treatments during follow-up. Furthermore, whether
preoperative long-course radiotherapy, preoperative
short-course radiotherapy, or postoperative radiotherapy
has a different contribution in increasing SPM risk is not
clear. Here, we used Taiwan’s National Health Insurance
Research Database (NHIRD), which provides detailed
diagnosis and treatment data, to assess the association
between SPM and radiotherapy, taking chemotherapy
and comorbidities into account.

CONCLUSION
In this large population-based cohort study, we de
monstrated that radiotherapy had no increase in SPM.
Key words: Radiotherapy; second primary malignancy;
rectal cancer; preoperative long-course; preoperative
short-course
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Developing a second primary malignancy
(SPM) after radiotherapy represents a major problem
for long-term cancer survivors. In this large populationbased study, no increased risk of developing SPM was
found in rectal cancer patients who received pelvic
radiotherapy in their initial treatment after carefully
adjusted basline confounders. Also, the SPM risk
remained the same among the preoperative longcourse, preoperative short-course, and postoperative
radiotherapy groups. However, rectal cancer survivors,
similarly to other cancer survivors, are burdened with
an overall higher probability of developing a second
primary cancer. Life-long follow-up is recommended.

Taiwan’s National Health Insurance, established in 1995,
covers the comprehensive medical care of > 99%
[13]
Taiwanese residents . Taiwan’s NHIRD provides en
crypted nationwide data for health research, including
inpatient and outpatient diagnoses, claimed procedures
and drug prescriptions. The Registry of Catastrophic
Illness Database (RCID), a subpart of the NHIRD, provides
information on patients with a confirmed malignancy. The
certification of both first primary rectal cancer and SPM
requires tissue pathologic proof for peer review. This study
was exempted from full review by the Institutional Review
Board (No. 2016-05-007BC).

Data source

Cohort selection

The cohort was composed of patients aged 20 years
or older who were diagnosed with a first primary rectal
cancer (ICD-9-CM 154.0 and 154.1) from the RCID
between Jan 1, 1996, and Dec 31, 2011. Because there
is a lag time between radiation and SPM, we excluded
patients who had SPMs within the first year of treatment
[14]
or survived less than one year after treatment . We
also excluded patients with HIV infection. Because
synchronous and metachronous colorectal cancers (CRCs)
were difficult to distinguished, second primary CRCs were
not analyzed. We also excluded neoplasms of the small
intestine to avoid misclassification. The follow-up time for
each individual began one year after the initial treatment
and ended on the date of diagnosis of any SPM, death, or
the end of study (Dec 31, 2011), whichever came first.
The patients were classified into four groups. The
surgery-only group was composed of patients who
underwent radical rectal surgery, such as abdomino
perineal resection of the rectum, low anterior resection,
local excision, transsacral rectosigmoidectomy, or
posterior resection of the rectum, and who never received
radiotherapy within the follow-up time. The postoperative
radiotherapy group was composed of patients who
underwent radical rectal surgery followed by radiotherapy

Wang TH, Liu CJ, Chao TF, Chen TJ, Hu YW. Second primary
malignancy risk after radiotherapy in rectal cancer survivors.
World J Gastroenterol 2018; 24(40): 4586-4595 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i40/4586.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i40.4586

INTRODUCTION
Thanks to the progress in early detection and treatment,
[1]
rectal cancer survival has increased steadily over time .
Death rates due to colorectal cancer have declined by
[2]
approximately 3% per year during the past decade .
Undoubtedly, radiotherapy has an established role in
[3,4]
the multi-modal treatment of this disease . However,
radiotherapy may be related to several late adverse
effects, which represents a major problem for long[5]
term cancer survivors . One of these effects, the risk
of developing a second primary malignancy (SPM), has
received greater attention in clinical practice. Rectal
cancer survivors have a 4%-8% higher background
[6,7]
rate of SPM compared with the normal population .
This higher rate may reflect the patients’ genetic back
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37954 patients with rectal cancer, received
curative surgery during 1996-2011

Excluded patients less than 20 year-old,
with precedent cancer, with a history of
HIV, follow up or SPM < 1 yr

Had received once radiotherapy course
during follow-up (n = 6451)

Preoperative longcourse radiotherapy
(n = 1311)

Preoperative shortcourse radiotherapy
(n = 314)

Preoperative
radiotherapy
(n = 4286)

Surgery only
(n = 21769)

Figure 1 Study inclusion flowchart. HIV: Human immunodeficiency virus; SPM: Second primary malignancy.

within one year after surgery (considering that the
radiotherapy may have been administered after 6 mo
of chemotherapy). The preoperative radiotherapy group
was composed of patients who received radiotherapy
within 6 mo prior to radical rectal surgery. The preo
perative radiotherapy group was further categorized
into the short-course and the long-course radiotherapy
groups according to their radiotherapy regimen, judging
by claimed radiation portals. The exact dose of radiation
used was not available in the NHIRD. However, the
typical radiation regimen for preoperative long-course
radiotherapy and postoperative radiotherapy is 45-50.4
Gy in 25-28 fractions, while 25 Gy in 5 fractions is used
for preoperative short course radiotherapy. Patients
who received incomplete radiotherapy regimens or reirradiation during the follow-up period were excluded.

radiotherapy group. We used univariate and multivariate
Cox proportional hazards models to identify possible risk
factors for SPM development. The final Cox proportional
hazard model was used to assess the significant
difference between the relative risk of an SPM across the
four groups after adjustment for age at and year of rectal
cancer diagnosis, sex, chemotherapy, and comorbidities.
A two-sided P-value less than 0.05 was considered
statistically significant.
The data processing was performed with Microsoft
SQL Server 2012 (Microsoft Corp., Redmond, WA,
United States). All analyses were computed in R (version
R-2.15.3; http://www.r-project.org). The cmprsk library
in R was used for competing-risk analyses.

Sensitivity analysis

In addition to the final Cox model, a SPM attainedcalendar-year stratified Cox proportional hazards model
was tested to assess for adjusted radiotherapy effects.
Subgroup analyses were also undertaken to investigate
the consistency of the conclusion among different
subpopulations. We generated Cox models in patients
who survived more than 5 years and more than 10
years.

Treatment factors

We collected all cancer treatment information within the
first 2 years after diagnosis, including surgery, radiation,
and chemotherapy. The surgery procedures were coded
using ICD-9-CM codes. The chemotherapy agents were
classified by their Anatomical Therapeutic Chemical (ATC)
code. Chemotherapy administered after and within one
year of an SPM was omitted due to possible treatment of
a second cancer. Demographic data such as age at rectal
cancer diagnosis, year of diagnosis, attained age and
year of SPM diagnosis, sex, and comorbidities, including
autoimmune diseases, chronic obstructive pulmonary
disease (COPD), diabetes mellitus (DM), dyslipidemia,
end-stage renal disease (ESRD), liver cirrhosis, and
hypertension (HTN), were collected from the NHIRD.

RESULTS
Population demographics

We identified a total of 28220 eligible rectal cancer
patients based on our criteria. There were 21769, 1311,
314, and 4826 patients in the surgery-only, preoperative
long-course, preoperative short-course, and postoperative
radiotherapy groups, respectively. The cohort selection
flow chart is shown in Figure 1.
The median follow-up for all patients was 5.2 years
(range: 1 to 16.0 years) and was 5.5 years (range, 1 to
15.3 years) in the surgery-only group, 4.2 years (range,

Statistical analysis

Because death could be considered a competing event
to SPM during follow-up, a competing-risk model was
used to estimate the cumulative incidence of SPM in each
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Table 1 Patient characters and treatment factors
All patients
Patient number
Male (%)
Median follow-up (IQR), yr
Median rectal cancer diagnosis age (IQR)
Median rectal cancer diagnosis year (IQR)
Surgery
LAR
APR
Other surgery
Chemotherapy
All chemotherapy (%)
Fluorouracil
Tegafur
Oxaliplatin
Irinotecan
Capecitabine
Comorbidities
DM
Hypertension
Liver cirrhosis
Autoimmune disease
End stage renal disease
COPD
Dyslipidemia

28220
16297 (58%)
5.19 (5.02)
65 (18)
2005 (7)
20416
6285
1519
18236 (65%)
12063
11324
4033
3273
2620
10802
18096
1521
1763
5456
10762
11695

Surgery-only

All
radiotherapy

Postoperative

Preoperative

21769
12323 (57%)
5.47 (5.18)
66 (18)
2004 (6)

6451
3974 (62%)
4.25 (3.98)
62 (17)
2006 (6)

4826
2940 (61%)
4.29 (4.10)
62 (18)
2005 (6)

1625
1034 (64%)
4.16 (3.61)
61 (19)
2007 (5)

16253
4453
1063

4163
1832
456

12310 (57%)
7399
8139
2460
2020
1632
8560
14438
1227
1372
4402
8709
9246

5926 (92%)
4664
3185
1573
1253
988
2242
3658
294
391
1054
2053
2449

2953
1471
402
4445 (92%)
3428
2547
1273
1069
773
1696
2742
225
298
825
1585
1779

1210
361
54
1481 (91%)
1236
638
300
184
215
546
916
69
93
229
468
670

Long
1311
831 (63%)
4.18 (3.76)
60 (18)
2007 (5)
950
311
50
1276 (97%)
1105
517
262
151
185
427
720
46
76
168
368
534

Short
314
203 (65%)
4.10 (3.01)
64 (18)
2007 (4)
260
50
4
205 (65%)
131
121
38
33
30
119
196
23
17
61
100
136

IQR: Inter-quantile range; LAR: Low anterior resection; APR: Abdominoperineal resection of rectum; DM: Diabetes mellitus; COPD: Chronic obstructive
pulmonary disease.

1 to 13.2 years) in the preoperative long-course group,
4.1 years (range, 1 to 10.5 years) in the preoperative
short-course group, and 4.3 years (range, 1 to 16.0
years) in the postoperative radiotherapy group. The
patients in the radiotherapy group were slightly younger
(mean age 61 years vs 66 years in those without
radiotherapy), had a more recent diagnosis year (median
year 2006 versus 2004 in those without radiotherapy),
and had a higher chance of receiving chemotherapy
(92% vs 56% in those without radiotherapy). The most
commonly used chemotherapy agents were fluorouracil,
tegafur/uracil, oxaliplatin, irinotecan, and capecitabine.
Table 1 summarizes the patient and treatment cha
racteristics.

generally had more advanced disease. The estimated
cumulative incidence of SPM in the competing-risk model
at the 5 year, 10 year, and 15 year marks was 3.7%
(95%CI: 3.4%-3.9%), 7.8% (95%CI: 7.2%-8.2%),
and 12.4% (95%CI: 10.5%-14.6%) in the surgery-only
group and 3.2% (95%CI: 2.7%-3.7%), 6.7% (95%CI:
5.8%-7.6%), and 8.3% (95%CI: 7.1%-9.7%) in the
irradiated groups, respectively.

Other risk factors

A univariate Cox regression model was used to test the
potential risk factors for SPM. The results showed that
male sex, age, liver cirrhosis, autoimmune disease,
and COPD were significantly associated with a higher
risk for SPMs, while dyslipidemia was significantly
associated with a lower risk for SPMs. Chemotherapy
and radiotherapy were not significantly associated with
SPMs, although preoperative long-course radiotherapy
had a trend toward increasing risk [hazard ratio (HR)
= 1.25, 95%CI: 0.97-1.62; P = 0.090]. To better
clarify the risk of radiotherapy for SPM, the final Cox
regression model contained the covariates gender,
age at and year of rectal cancer diagnosis, the use
of radiotherapy, the use of chemotherapy, DM, HTN,
liver cirrhosis, autoimmune disease, COPD, ESRD, and
dyslipidemia. In multi-variate analysis, age (HR = 1.02
per one-year increment, 95%CI: 1.01-1.02; P < 0.001),
male sex (HR = 1.47, 95%CI: 1.32-1.65; P < 0.001),
DM (HR = 1.14, 95%CI: 1.02-1.28; P = 0.027), liver
cirrhosis (HR = 2.40, 95%CI: 2.03-2.82; P < 0.001),

SPM result

During the follow-up period, 1270 of the 28220 patients
(4.5%) developed a SPM. In the surgery-only group,
1056 patients (8.6%) developed a second cancer,
compared with 49 (3.7%) in the preoperative longcourse group, 10 (3.2%) in the preoperative shortcourse group, and 182 (3.2%) in the postoperative
radiotherapy group. The most common sites of SPM
were lung (n = 284), liver (n = 183), and prostate (n
= 129). The distributions of the SPMs in each group
are listed in Table 2. The cumulative incidences of SPM
and mortality rate are shown in Figure 2. Death is a
strong competitor for SPM in both non-irradiated and
irradiated patients. The cumulative incidence of mortality
is higher in the irradiated patients because these patients

WJG|www.wjgnet.com

4589

October 28, 2018|Volume 24|Issue 40|

Wang TH et al . SPM risk for irradiated rectal cancer
Table 2 Second primary malignancy of different treatment groups
All patients

Surgery-only

1270 (100)
89 (7)
31 (2.4)
82 (6.5)
183 (14.4)
31 (2.4)
284 (22.4)
17 (1.3)
31 (2.4)
82 (6.5)
18 (1.4)
15 (1.2)
10 (0.8)
129 (10.2)
83 (6.5)
45 (3.5)
18 (1.4)
59 (4.6)
63 (5)

1056 (100)
69 (6.5)
28 (2.7)
68 (6.4)
162 (15.3)
26 (2.5)
224 (21.2)
14 (1.3)
23 (2.2)
71 (6.7)
17 (1.6)
10 (0.9)
10 (0.9)
116 (11)
63 (6)
40 (3.8)
15 (1.4)
46 (4.4)
54 (5.1)

All SPM
Head and neck
Esophagus
Stomach
Liver
Pancreas
Lung
Bone
Skin
Breast
Cervix
Uterus
Ovary
Prostate
Bladder
Kidney
Thyroid
Hematologic
Others

Long
49 (100)
7 (14.3)
0 (0)
4 (8.2)
3 (6.1)
1 (2)
16 (32.7)
0 (0)
1 (2)
3 (6.1)
0 (0)
2 (4.1)
0 (0)
2 (4.1)
2 (4.1)
1 (2)
0 (0)
3 (6.1)
4 (8.2)

Short

Post

10 (100)
2 (20)
0 (0)
1 (10)
3 (30)
0 (0)
0 (0)
0 (0)
2 (20)
0 (0)
0 (0)
0 (0)
0 (0)
1 (10)
0 (0)
1 (10)
0 (0)
0 (0)
0 (0)

155 (100)
11 (7.1)
3 (1.9)
9 (5.8)
15 (9.7)
4 (2.6)
44 (28.4)
3 (1.9)
5 (3.2)
8 (5.2)
1 (0.6)
3 (1.9)
0 (0)
10 (6.5)
18 (11.6)
3 (1.9)
3 (1.9)
10 (6.5)
5 (3.2)

Cumulative incidence (%)

SPM: Second primary malignancy.

ther compared the preoperative and postoperative
radiotherapy groups. Due to relatively few events in
each of the preoperative long/short-course groups, we
combined these two groups in the second primary sites
analysis. Among all SPM, the HR of the preoperative and
postoperative groups compared with the surgery-only
group was 1.20 (95%CI: 0.93-1.53) and 1.01 (95%CI:
0.85-1.18), respectively. Across the second cancer sites,
the risk associated with radiotherapy was generally
consistent between the preoperative and postoperative
groups, except that patients in the preoperative
radiotherapy group had a higher risk of head and neck
cancers (p = 0.042) (Figure 3B).

No radiotherapy
Radiotherapy
No radiotherapy
Radiotherapy

90
80
70
60
50
40
30
20
10
0

Death

SPM
0

2

4

6

8

10

12

No. at risk
Follow-up (yr)
No RT 21769 18225 12333 8153 5143 3020 1444
RT
6451 4571 2545 1530 923 496 242

14
82
9

Figure 2 Competing-risk model plot for cumulative incidence of death and
secondary primary malignancy, stratified by with/without radiotherapy.
SPM: Secondary primary malignancy; RT: Radiotherapy.

Sensitivity analysis

A stratified Cox proportional hazards model showed
the HR of radiotherapy remained unchanged after
considering second primary cancer attained year
(Supplementary Table 1). There were 12064 patients
surviving without a SPM after 5 years of follow-up, and
3516 patients after 10 years. The HR of radiotherapy
in all patients, > 5 year survivors, and > 10 year
survivors was 1.05 (95%CI: 0.91-1.21), 1.17 (95%CI:
0.92-1.47), and 1.03 (95%CI: 0.56-1.89), respectively.
None of these HRs was statistically significant, as listed in
Supplementary Table 2.

and COPD (HR = 1.19, 95%CI: 1.06-1.33; P = 0.003)
were significantly associated with a higher risk for SPMs.
Hypertension (HR = 0.86, 95%CI: 0.75-0.97; P =
0.017) and dyslipidemia (HR = 0.85, 95%CI: 0.76-0.95;
P = 0.006) were significantly associated with a lower
risk for SPMs (Table 3). Again, no significantly elevated
HR was observed among the different radiotherapy
groups compared with the surgery-alone group.

Second cancer site analysis

A similar covariate-adjusted Cox model was applied to
the individual SPM sites. Compared with the surgeryonly group, a significantly increased HR for SPM in the
radiotherapy group was only evident for lung cancer
(HR = 1.42, 95%CI: 1.04-1.93; P < 0.001). The risk
of bladder, uterus, skin, and hematologic cancer was
elevated in irradiated patients, but the difference was
not statistically significant. Irradiated patient also had
less prostate and liver cancer, but again, the difference
was not statistically significant (Figure 3A). We fur
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DISCUSSION
The aim of radiotherapy in rectal cancer is to reduce the
[15]
recurrence risk, and this benefit is well documented .
Clinical practice has shifted from postoperative che
moradiotherapy to preoperative radiotherapy as en
couraging results with preoperative radiotherapy have
[4]
emerged over the last decade . Still, there is debate
regarding short-course preoperative radiation and the
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Table 3 Cox regression of second primary malignancy
Univariate Cox regression
Sex(M)
Diagnosis age (1 yr increment)
Diagnosis year
Chemotherapy
DM
Hypertension
Liver cirrhosis
Rheumatologic disease
End stage renal disease
COPD
Dyslipidemia
Radiotherapy1
Long course RT1
Short course RT1
Post-OP RT1

Multi-variate Cox regression

Hazard ratio (95%CI)

P value

Hazard ratio (95%CI)

P value

1.57 (1.40-1.75)a
1.02 (1.01-1.02)a
1.06 (1.04-1.08)a
0.95 (0.86-1.06)
1.11 (0.99-1.23)
1.01 (0.90-1.13)
2.47 (2.10-2.90)a
0.78 (0.62-0.99)a
1.01 (0.89-1.16)
1.33 (1.20-1.48)a
0.87 (0.78-0.96)a
1.04 (0.90-1.19)
1.25 (0.97-1.62)
1.01 (0.56-1.83)
0.98 (0.84-1.15)

< 0.001
< 0.001
< 0.001
0.371
0.062
0.849
< 0.001
0.038
0.828
< 0.001
0.008
0.625
0.090
0.976
0.801

1.47 (1.32-1.65)a
1.02 (1.01-1.02)a
1.06 (1.04-1.08)a
0.97 (0.87-1.08)
1.14 (1.02-1.28)a
0.86 (0.75-0.97)a
2.40 (2.03-2.82)a
0.81 (0.64-1.03)
0.91 (0.80-1.05)
1.19 (1.06-1.33)a
0.85 (0.76-0.95)a
1.05 (0.91-1.21)
1.28 (0.98-1.67)2
0.91 (0.50-1.64)2
1.01 (0.86-1.18)2

< 0.001
< 0.001
< 0.001
0.562
0.027
0.017
< 0.001
0.080
0.192
0.003
0.006
0.494
0.071
0.742
0.941

1

Indicates surgery-only as reference; 2Indicates calculated separately with “Radiotherapy” using same model. aP < 0.05. DM: Diabetes mellitus; COPD:
Chronic obstructive pulmonary disease; Post-OP: Postoperative.

more conventional approach of long-course neoadjuvant
chemoradiation. The reported efficacy of these two
regimens is comparable, yet there appears to be more
[16]
late gastrointestinal toxicity in short-course studies .
Whether different radiotherapy regimens result in
different SPM risks has not been investigated. Our
results showed no differences in overall SPM probability
between patients in each radiotherapy regimen. To our
knowledge, this is the first report to directly compare
the risk of SPM among preoperative long-course
radiotherapy, preoperative short-course radiotherapy,
and postoperative radiotherapy.
Four previous studies have addressed the issue of
[12]
SPM after rectal irradiation. Birgisson et al
analyzed
pooled data from the Uppsala Trial and the Swedish
Rectal Cancer Trial, and they reported an overall relative
risk of 1.85 for developing a second cancer in irradiated
patients. However, their results were limited by the
relatively small cohort size. More recently, Martling
[17]
et al analyzed Swedish ColoRectal Cancer Registry
data and reported no increased risk of second primary
cancer following RT for rectal cancer within or outside of
the irradiated volume up to 20 years of follow-up. Two
groups have taken advantage of the large Surveillance,
Epidemiology, and End Results (SEER) registry database
to exam this issue, but their efforts yielded opposite
results. It is noteworthy that neither of the SEER-based
[11]
studies reported the radiotherapy regimen. Kendal et al
used Kaplan-Meier and Cox analyses and demonstrated
no significant difference in SPM occurrence between
irradiated and non-irradiated cohorts, comprising a
total of 20910 patients. In a subpart of Berrington’s
comprehensive study, they reported that the relative risk
was 1.15 in irradiated patients using a Poisson regression
analysis. Although radiation-induced malignancy is a
stochastic effect and risk increases in a linear-quadratic
fashion with dose and exposure at younger ages, they
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found neither a dose response nor a correlation with
patient’s age at rectal cancer diagnosis. This lack may
harm the validity of the casual association. In addition,
the two SEER studies may have been negatively affected
by occult confounding factors. For example, certain
comorbidities may have a strong correlation to SPM.
Liver cirrhosis is strongly associated with hepatocellular
carcinoma. COPD is not only linked with smoking history
but also acts as an independent risk factor for lung
[18]
cancer . In the present study, we demonstrated that
several comorbidities were significantly associated with
SPM on multivariate analysis. Any conclusion regarding
radiotherapy made without adjustment for these factors
is vulnerable to bias. Finally, Wiltink examined the Total
[10]
Mesorectal Excision trial data . They used a competingrisk model and Gray’s test and found that the 10-year
SPM rates were 14.8% and 15.3% in patients with
and without radiotherapy, respectively. No significant
difference was noted. The competing-risk model is more
accurate in estimating SPM probability than the KaplanMeier model in that the competing circumstance is death.
However, for etiological research, a proportional causespecific hazards model may be more appropriate than
[19]
the competing-risk model . Here, we used competingrisk model to report the cumulative incidence of SPM and
applied a Cox model to compare the HRs for different
treatment groups.
Another limitation of these four studies is the lack
of chemotherapy analysis. Chemotherapy is associated
[14]
with SPM risk, mainly leukemias but also solid tumors .
However, most data on chemotherapy are derived from
[20,21]
[22]
studies on Hodgkin lymphoma
and breast cancer .
The association between chemotherapy and SPM in
rectal cancers has not been studied. In our study, the
use of chemotherapy was not associated with increased
SPM. After controlling for chemotherapy and other
comorbidities, we could assess the absolute excess risk
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A
Site of cancers
Head and neck
Esophagus
Stomache
Liver
Pancreas
a
Lung
Bone
Skin
Breast
Cervix
Uterus
Ovary
Prostate
Bladder
Kidney
Thyroid
Hematologic
Other sites

Event
89
31
82
183
31
284
17
31
82
18
15
0
129
83
45
18
59
63

HR (95%CI)
1.28 (0.75-2.18)
0.53 (0.16-1.82)
1.07 (0.58-1.96)
0.73 (0.46-1.18)
1.07 (0.39-2.93)
1.42 (1.04-1.93)
0.88 (0.23-3.34)
2.06 (0.87-4.92)
0.75 (0.38-1.46)
0.33 (0.04-2.58)
2.67 (0.80-8.86)
NA
0.62 (0.34-1.13)
1.55 (0.90-2.64)
0.67 (0.25-1.76)
1.02 (0.27-3.84)
1.56 (0.80-3.03)
0.65 (0.31-1.34)

All cancers

1416

1.05 (0.91-1.21)
0

1

2

3

4

5

HR (95%CI)

B

Pre-OP

Site of cancers
a
Head and neck
Esophagus
Stomache
Liver
Pancreas
Lung
Bone
Skin
Breast
Cervix
Uterus
Ovary
Prostate
Bladder
Kidney
Thyroid
Hematologic
Other sites

Pre-OP HR
2.45 (1.17-5.14)
NA
1.63 (0.64-4.18)
0.91 (0.39-2.09)
0.83 (0.11-6.34)
1.63 (0.96-2.77)
NA
3.36 (0.93-12.15)
0.88 (0.27-2.86)
NA
5.52 (1.03-29.65)
NA
0.58 (0.18-1.86)
0.59 (0.14-2.47)
1.19 (0.28-5.14)
NA
1.53 (0.46-5.16)
1.20 (0.42-3.42)

Post-OP HR
0.96 (0.50-1.87)
0.69 (0.20-2.37)
0.93 (0.45-1.91)
0.67 (0.39-1.16)
1.09 (0.36-3.28)
1.37 (0.98-1.93)
1.25 (0.33-4.70)
1.64 (0.59-4.55)
0.70 (0.33-1.50)
0.41 (0.05-3.24)
2.06 (0.51-8.37)
NA
0.63 (0.32-1.22)
1.84 (1.05-3.19)
0.51 (0.15-1.71)
1.37 (0.36-5.13)
1.60 (0.77-3.31)
0.47 (0.19-1.2)

All cancers

1.20 (0.93-1.53)

1.01 (0.85-1.18)

Post-OP

0

1

2

3

4

5

HR (95%CI)

Figure 3 Secondary cancer site analysis for (A) with/without radiotherapy, and (B) preoperative and postoperative radiotherapy. Referenced by surgeryalone group, aP < 0.05; HR: Hazard ratio; NA: Not applicable.
[24,25]

of the radiotherapy effect. We found that the overall SPM
risk did not increase in irradiated patients. Considering
the diagnosis age of rectal cancer patients tends to be
older, we would expect to find less radiation-induced
[23]
cancers than in younger cancer patients . In our
sensitivity test, we added attained cancer year into the
model and performed a subgroup analysis focused on
long-term survivors. The absence of a radiotherapy effect
was still in consistent in these analyses. Considering age
is not an exclusive factor that affect surgical complication
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in colo-rectal cancer patients
, we suggest irradiation
should not be avoided either in the elderly rectal cancer
patients.
In Berrington’s SEER study, the relative risk of second
lung cancer in irradiated rectal cancer patients was
[9]
1.27 . Additionally, second primary lung cancer has
been reported to increase after irradiation in prostate
[26,27]
cancer patients
. In our second cancer site analysis,
lung cancer was the only increased SPM subsite that
was associated with radiotherapy. One reason for this

4592

October 28, 2018|Volume 24|Issue 40|

Wang TH et al . SPM risk for irradiated rectal cancer
relationship may be that lung cancer can be induced
efficiently by relatively low doses of radiation, which has
been shown in breast cancer and Hodgkin lymphoma
[28,29]
survivors
. Another explanation is the possible
uneven distribution of patients who smoke. Of the other
specific solid tumor sites, both bladder carcinoma and
uterus carcinoma showed non-significant increasing
trend, which was broadly consistent with previous
studies. We found that the risk of subsequent prostate
cancer was decreased in irradiated patients, although
again the difference was not statistically significant (HR
= 0.62, 95%CI: 0.34-1.13). A recent meta-analysis
supported this finding that radiotherapy for rectal cancer
[30]
is associated with a decreased prostate cancer risk .
However, the mechanism is still unclear.
The strength of our study is that these data were
derived from population-based registries, which permits
a powerful evaluation of SPM risk according to a variety
of relevant variables. By controlling for treatment and
patient characteristics, we can minimize the potential for
bias. We also performed a sensitivity analysis to test the
robustness of our conclusions. Nonetheless, our study
had several limitations. The main limitation was the
relatively short mean follow-up. However, there were still
more than 3000 patients followed up for more than 10
years. In the sensitivity analysis, the HR of radiotherapy
in patients followed more than 5 or 10 years remained
statistically insignificant. This conclusion is not likely to
be altered after even longer follow-up periods. Second,
the radiotherapy dose and volume were not available
in the NHIRD, which made it impossible to analyze
the radiotherapy dose response. Instead of the dose,
we used radiation portals as a surrogate and applied
strict criteria for the different radiotherapy regimens
to ensure that the radiotherapy dose was consistent
in each regimen group. Radiation techniques have
evolved in the past decades, but we could not ascertain
the radiotherapy technique information used for each
patient. The use of the intensity-modulated radiation
therapy (IMRT) technique may result in a greater volume
[31]
of low-dose irradiated tissue and therefore more SPM .
However, the three-dimensional conformal radiation
therapy (3DCRT) technique was still the standard
treatment for rectal cancer during the study period. We
also adjusted for the diagnosis year, which may have
helped to eliminate this bias. Third, the lack of data on
smoking and other lifestyle information likely suggests
that there is residual confounding.
In the future, we advocate that study regards to
SPM related to radiotherapy should carefully adjust
comorbidities, chemotherapy, and use competing risk
model to yield true effect of radiotherapy. Also studies
should focused on the mechanisms by which radiation
may produce carcinogenic changes, especially in SPM
outside irradiation volume.
In conclusion, in this population-based study, no
increased risk of developing SPM was found in rectal
cancer patients who received pelvic radiotherapy in their
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initial treatment. The SPM risk remained the same among
the preoperative long-course, preoperative short-course,
and postoperative radiotherapy groups. Therefore,
the SPM risk should not be a major consideration in
treatment decisions. However, rectal cancer survivors,
similarly to other cancer survivors, are burdened with an
overall higher probability of developing a second primary
cancer. Life-long follow-up is recommended.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Previous literature on second primary malignancy (SPM) risk after radiotherapy
in rectal cancer survivors yielded controversial results. Also, lack of
comorbidities, chemotherapy, and competing risk adjustment may cause
biased conclusion. In addition, whether different radiotherapy regimens results
in different SPM risk has not been investigated. In this study, we meticulously
collected and analyzed all factors may contribute in SPM, and yielded true
radiotherapy effect.

Research motivation

The risk of developing an SPM has received greater attention in clinical
practice. Although several studies have investigated the relationship between
radiotherapy and SPM in rectal cancer patients, the conclusions have been
diverse.

Research objectives

To analyze true radiotherapy effect on developing an SPM in rectal cancer
patients.

Research methods

We used Taiwan’s National Health Insurance Research Database to identify
rectal cancer patients between 1996 and 2011. The cohort was composed of
patients aged 20 years or older who were diagnosed with a first primary rectal
cancer. SPM risk was analyzed by competing risk model. The overall and sitespecific SPM incidence rates were compared among the radiotherapy groups
by multivariate Cox regression, taking chemotherapy and comorbidities into
account. Sensitivity tests were performed for attained-year adjustment and
long-term survivor analysis.

Research results

In this large-scale population-based cohort study, we found no increase of SPM
due to radiotherapy in rectal patients. Different radiotherapy regimens results in
same SPM risk. Factors that were significantly associated with a higher risk for
SPMs included male sex, age, liver cirrhosis, autoimmune disease, and COPD.
Compared with the surgery-only group, a significantly increased HR for SPM
in the radiotherapy group was only evident for lung cancer (HR = 1.42, 95%CI:
1.04-1.93; P < 0.001). The risk of bladder, uterus, skin, and hematologic cancer
was elevated in irradiated patients, but the difference was not statistically
significant.

Research conclusions

This study confirmed no increased risk of SPM due to radiotherapy in rectal
patients. Many secondary malignancy may only reflect the patients’ genetic
backgrounds, cancer-related treatments, lifestyles, and environmental risk
factors. After careful confounder adjustment and appropriate statistical analysis,
no radiotherapy effect on SPM can be drawn. This is an important conclusion to
both patients and physicians.

Research perspectives

Some comorbidities confounders have profound effects on developing
secondary malignancy. Also, death is a strong competing risk need to handle. In
future, we need to explore and investigate the mechanism of oncogenic effect
of radiotherapy, especially in cancer outside radiation volume.
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Abstract

Detailed data on adverse events and factors associ
ated with failed H. pylori eradication were evaluated.
Furazolidone- and amoxicillin-based quadruple the
rapy demonstrated a high H. pylori eradication rate
exceeding 90% with a favorable safety profile in a realworld setting. Abstinence from alcohol during therapy
and strict medication adherence may further optimize
eradication. The results validate updated guidelines
recommending furazolidone-based quadruple therapy
as a first-line treatment for H. pylori infection in areas
with a high prevalence of clarithromycin resistance.

AIM
To evaluate the outcomes of furazolidone- and
amoxicillin-based quadruple therapy for treatment of
Helicobacter pylori (H. pylori ) infection and identify
predictors of failed eradication.
METHODS
Patients with H. pylori infection treated with fu
razolidone, amoxicillin, bismuth, and proton pump
inhibitor therapy (January 2015 to December 2015)
13
who received the C-urea breath test > 4 wk after
treatment were evaluated. Demographic and clinical
data including prior H. pylori treatment attempts,
medication adherence, alcohol and cigarette consump
tion during therapy, and treatment-related adverse
events were recorded by reviewing medical records and
telephone surveys. H. pylori eradication rates for overall
and subgroups were evaluated. Multivariate analysis
was performed to identify independent predictors of
failed H. pylori eradication.

Zhang YW, Hu WL, Cai Y, Zheng WF, Du Q, Kim JJ, Kao
JY, Dai N, Si JM. Outcomes of furazolidone- and amoxicillinbased quadruple therapy for Helicobacter pylori infection and
predictors of failed eradication. World J Gastroenterol 2018;
24(40): 4596-4605 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i40/4596.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4596

RESULTS
Of the 992 patients treated and retested for H. pylori
infection, the overall eradication rate was 94.5%
[95% confidence interval (CI): 94.1%-95.9%]. H.
pylori eradication rate of primary therapy was 95.0%
(95%CI: 93.5%-96.5%), while that of rescue therapy
was 91.3% (95%CI: 86.8%-95.8%). Among the 859
patients who completed the study protocol, 144 (17%)
reported treatment-related adverse events including
24 (3%) leading to premature discontinuation. On
multivariate analysis, poor medication adherence
[adjusted odds ratio (AOR) = 6.7, 95%CI: 2.8-15.8],
two or more previous H. pylori treatments (AOR = 7.4,
95%CI: 2.2-24.9), alcohol consumption during therapy
(AOR = 4.4, 95%CI: 1.5-12.3), and possibly smoking
during therapy (AOR = 1.9, 95%CI: 0.9-4.3) were
associated with failed H. pylori eradication.

INTRODUCTION
Helicobacter pylori (H. pylori) is a common pathogen
associated with the development of peptic ulcer disease,
gastric cancer, and mucosa-associated lymphoid ti
ssue lymphoma. The prevalence of H. pylori infection
exceeds 50% worldwide, with a higher prevalence in
[1,2]
developing countries . Effective eradication of H. pylori
by a combination of antimicrobial and acid suppressive
therapies reduces the risk of recurrent peptic ulcers and
[3,4]
possible gastric cancer . However, with the emergence
of antibiotic-resistant H. pylori strains, traditional triple
therapies have become increasingly ineffective, with
some studies reporting eradication rates as low as
[5-8]
50%
. Selecting optimal therapies for antibioticresistant H. pylori infection has become a global public
health priority.
Furazolidone is a monoamine oxidase inhibitor and
nitrofurantoin-type antibiotic commonly used in Asia.
Compared to high rates of resistance observed with
clarithromycin, metronidazole, and levofloxacin, H. pylori
[9-11]
strains resistant to furazolidone remain uncommon
.
However, early animal studies demonstrating increased
adverse events have limited widespread application of
[12-16]
furazolidone in the treatment of H. pylori infection
.
Given the high prevalence of H. pylori strains resistant
to clarithromycin and metronidazole observed in recent
studies, international guidelines recommend bismuth
containing quadruple regimens that include amoxicillin,
[17-19]
furazolidone or tetracycline for rescue therapies
.
Furthermore, updated Chinese and international
guidelines recommended furazolidone, amoxicillin,
bismuth, and proton pump inhibitor (PPI) quadruple
therapy as a first-line regimen option for H. pylori
[20]
infection .
Although a number of studies with limited sample

CONCLUSION
Furazolidone- and amoxicillin-based quadruple therapy
for H. pylori infection in an area with a high prevalence
of clarithromycin resistance demonstrated high era
dication rates as primary and rescue therapies with a
favorable safety profile. Patient education targeting
abstinence from alcohol during therapy and strict
medication adherence may further optimize H. pylori
eradication.
Key words: Helicobacter pylori ; Furazolidone; Quadruple
regimen; Side effects; Eradication
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study examined the outcomes of fura
zolidone- and amoxicillin-based quadruple therapy as
both primary and rescue therapies for Helicobacter
pylori (H. pylori ) infection in nearly a thousand patients.
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size demonstrate high efficacy of furazolidone- and
amoxicillin-based quadruple therapy for treatment of H.
pylori infection, data on the adverse events, particularly
[16]
impacting treatment course, are not well described .
Furthermore, predictors of failed H. pylori eradication
other than the choice of regimen or poor medication
[16,21]
adherence are largely unknown
. Given the high
prevalence of clarithromycin-resistant H. pylori infection
observed at our center, furazolidone- and amoxicillinbased quadruple therapy has been adopted as a firstline therapy for treatment of H. pylori since 2013.
Therefore, we performed a retrospective study of
patients who received furazolidone- and amoxicillinbased quadruple therapy for treatment of H. pylori at
our center. The aim of our study was to evaluate the
efficacy and safety of furazolidone- and amoxicillinbased quadruple therapy as primary and rescue
therapies for H. pylori infection and also to identify
predictors of failed H. pylori eradication.

pectin (200 mg to 400 mg); all were taken twice a day.
Patients were instructed to take antibiotics immediately
after meals but take PPI and bismuth 30 min before
meals. Four weeks after the completion of treatment,
all patients were recommended to obtain a follow-up
13
C-UBT and an outpatient consultation.

Data collection

Baseline data including age, gender, smoking status,
alcohol status, and educational levels at the time of
H. pylori testing as well as all prior H. pylori treatment
attempts were recorded by reviewing medical records
and telephone surveys. Endoscopy and H. pylori breath
test reports were reviewed to obtain information
on the date and indication and/or diagnosis for H.
pylori testing. Data on H. pylori treatment regimens
and duration were obtained by reviewing electronic
pharmacy records. Data including medication
adherence, potential treatment-related adverse events
(dizziness, headache, fatigue, fever, anorexia, nausea,
vomiting, diarrhea, constipation, abdominal discomfort
or pain, bitter taste, skin rash/pruritus, weight loss,
dysphagia, dyspnea, blurred vision, and myalgia), as
well as smoking and tobacco status before and during
treatment were collected at the time of repeat H. pylori
testing, outpatient consultation, or by a follow-up phone
survey. In order to evaluate H. pylori resistance pattern,
available H. pylori culture and antibiotic susceptibi
lity data at the center between January 2013 and
December 2014 were also collected.

MATERIALS AND METHODS
Study population

Patients diagnosed with H. pylori infection at Sir Run
Run Shaw Hospital (Hangzhou, China) from January
2015 to December 2015 who received furazolidoneand amoxicillin-based quadruple therapy and had a
13
13
follow-up C-urea breath test ( C-UBT) > 4 wk after
the completion of therapy were evaluated. All patients
who received one of two forms of direct H. pylori testing
13
available at our center ( C-UBT or gastric biopsy)
were searched, and pharmacy records were examined
to identify patients who received furazolidone- and
amoxicillin-based quadruple therapy. All patients aged
≥ 18 years who received repeat H. pylori breath test
> 4 wk after treatment were eligible for the study.
Patients who lacked repeat H. pylori testing to evaluate
for eradication status or received therapies other than
furazolidone- and amoxicillin-based quadruple therapy
were excluded. Medical records including endoscopy,
13
pathology, C-UBT, and pharmacy records were re
viewed to characterize the clinical course before and after
treatment of H. pylori infection. After the follow-up breath
test, all patients were seen in an outpatient visit and
contacted for a detailed telephone survey. The protocol
was approved by the Ethics Committee of Sir Run Run
Shaw Hospital prior to initiating the study.

Definitions and outcomes

The primary endpoint of the study was H. pylori era
dication rate. Secondary endpoints were treatmentrelated adverse events and predictors of eradication
failure. The primary endpoint was also analyzed by
subgroups by patients receiving primary or rescue
therapy and those with or without adverse events.
Potential treatment-related adverse events were
expressed as proportion of individuals experiencing a
specific side effect and any side effects. Predictors of
eradication failure including demographic (age, gender,
and educational level), clinical (number of previous
treatment and indication/diagnosis of H. pylori testing),
and treatment-related factors (PPI type, bismuth dose,
treatment duration, medication adherence, smoking
during treatment, and alcohol use during treatment)
were evaluated. The number of previous H. pylori
infection treatment was categorized as none, one, or ≥
2 prior treatment attempts. Smoking status was defined
as non-smoker, abstinence during therapy, and smoking
during therapy. Alcohol use was defined as non-alcohol
user, abstinence during therapy, and alcohol use during
therapy. Educational levels were categorized by years of
education (< 7, 7-9, 10-12, 13-16, or > 16 years). Poor
adherence to H. pylori treatment was defined as patient
[22]
reporting < 80% adherence of prescribed therapy .
Severe adverse event was defined as treatment-related

Treatment

Per hospital clinical pathway since 2013, all patients with
H. pylori infection without contraindications to penicillin,
furazolidone, bismuth, or proton pump inhibitor were
treated with furazolidone, amoxicillin, bismuth, and PPI
for 10-14 d unless specified by the clinician. Patients
were treated with furazolidone 100 mg, amoxicillin
1 g, proton pump inhibitor (esomeprazole 20 mg,
rabeprazole 10 mg, pantoprazole 40 mg, lansoprazole
30 mg, or omeprazole 20 mg), and colloidal bismuth
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treated with furazolidone- and amoxicillin-based
13
quadruple therapy and received the C-UBT > 4
wk after eradication (Table 1). The mean age of the
patients was 46.7 ± 12.4 years, 501 (50.5%) were
male, and 259 (26.1%) were treated for indication
of peptic ulcers. Furthermore, 842 (84.9%) patients
had no prior H. pylori treatment, 127 (12.8%) had
one prior treatment, and 23 (2.3%) had ≥ 2 prior
treatments. Nine hundred and seventy-one (97.9%)
and 21 (2.1%) patients were prescribed a 14-d
regimen and a 10-d regimen, respectively. H. pylori
culture and antibiotic susceptibility study available from
2013-2014 (n = 52) showed clarithromycin-resistant
strains in 9 (17.3%), levofloxacin-resistant strains in 20
(38.5%), metronidazole-resistant strains in 38 (73.1%),
furazolidone-resistant strains in 2 (3.8%), and none with
amoxicillin-resistant strains (Supplementary Table 1).

Table 1 Baseline demographic and clinical characteristics (n
= 992) n (%)
Variable

Information

Age (mean age ± SD)
Gender
Male
Female
Smoking history
Alcohol intake history
Educational level
< 7 yr
7-9 yr
10-12 yr
13-16 yr
> 16 yr
Unknown
Diagnosis
Functional dyspepsia
Peptic ulcers
Erosive esophagitis
Other sources of upper GI bleeding
Gastric tumors
Asymptomatic gastritis
13
C-UBT positive during health checkup
Number of previous H. pylori treatment(s)
None
One
Two or more
PPI type
Esomeprazole
Rabeprazole
Pantoprazole
Other PPIs
Bismuth dose
400 mg per day
600 mg per day
800 mg per day
Duration of regimen
14-d regimen
10-d regimen

46.7 ± 12.4
501 (50.5)
491 (49.5)
199/859 (23.2)
231/859 (26.9)
164 (16.5)
249 (25.1)
197 (19.9)
229 (23.1)
20 (2.0)
133 (13.4)
478 (48.2)
259 (26.1)
69 (7.0)
5 (0.5)
6 (0.6)
75 (7.6)
100 (10.1)

H. pylori eradication rate

Of the 992 patients, 859 completed the study protocol.
The overall eradication rate was 94.5% (95%CI:
94.1%-95.9%). H. pylori eradication rates were
95.0% (95%CI: 93.5%-96.5%) and 91.3% (95%CI:
86.8%-95.8%) for primary and rescue therapies,
respectively. Among those who completed the followup, patients who did not experience medication-related
adverse events had a higher eradication rate (95.5% vs
90.3%, mean difference = 5.2%, 95%CI: 0.7%-11.7%)
compared to those who experienced any reported
adverse events (Table 2).

842 (84.9)
127 (12.8)
23 (2.3)
264 (26.6)
224 (22.6)
435 (43.9)
69 (7.0)
213 (21.5)
391 (39.4)
388 (39.1)

Treatment-related adverse events

Of the 859 patients who completed the study, 144
(16.8%) experienced one or more treatment-related
adverse events (Table 3). The common adverse events
including abdominal pain in 39 (4.5%), nausea in 20
(2.3%), dizziness in 11 (1.3%), fatigue in 11 (1.3%),
anorexia in 13 (1.5%), and skin rash/pruritus in 18
(2.1%) were reported. Twenty-four (2.8%) patients
experienced severe treatment-associated adverse
events necessitating premature discontinuation of
intended therapy including 10 (1.2%) who completed <
10 d of treatment. Skin rash/pruritus (n = 3, 0.4%) was
the most common severe treatment-related adverse
event.

971 (97.9)
21 (2.1)

GI: Gastrointestinal; PPI: Proton pump inhibitor; 13C-UBT: 13C-urea breath
test.

adverse event necessitating discontinuation of therapy
within 10 d.

Statistical analysis

Sociodemographic and outcome data were described
using number and frequency for categorical variables
and mean and standard deviation for continuous
variables. Eradication rates between different groups
2
were compared using the χ test. Initially, potential
factors associated with failed eradication was evaluated
2
by using a χ test or Fisher’s exact test. Afterwards,
variables associated with failed eradication were
included in a multiple logistic regression model to
evaluate for predictors of failed eradication. All statistical
analyses were performed using IBM SPSS Statistics
V22.0 software. Two-sided P-values < 0.05 were
considered significant.

Predictors of failed H. pylori eradication

On univariate analysis, the number of previous H. pylori
treatment (78.3%-95.0%, P = 0.002), smoking status
(88.2%-95.6%, P = 0.004), alcohol status (79.4%-95.5%,
P < 0.001), and poor H. pylori treatment adherence
(77.5% vs 96.2%, P < 0.001) were associated with
failed H. pylori eradication (Table 4). Multivariate analysis
demonstrated that ≥ 2 prior H. pylori treatment attempts
(AOR = 7.4; 95%CI: 2.2-24.9, P = 0.001) compared to
no treatment, and poor adherence (AOR = 6.7; 95%CI:
2.8-15.8, P < 0.001) compared to acceptable adherence
were associated with failed H. pylori eradication.
Furthermore, alcohol use during treatment compared

RESULTS
During the one-year study period, 992 patients were
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rifabutin) should be selected. The Fifth Chinese National
Consensus Report recommended furazolidone, amo
xicillin, bismuth, and PPI quadruple therapy as one of
the first-line regimens for H. pylori therapy given that
estimated resistance to clarithromycin and metronidazole
[20]
exceeds 20% and 40%, respectively, in China .
Our results from a real-world experience demon
strated that furazolidone- and amoxicillin-based
quadruple therapy achieved a 95% H. pylori eradi
cation rate which is within the higher range of all
[16]
eradication rates reported in the literature . Although
older studies mostly containing furazolidone as a
component of substandard regiments (inadequate
duration or absence of PPI) reported a low poolederadication rate of 76%, our findings are consistent
with recent studies reporting high eradication rates of
[24-26]
85%-95% in combination with 14 d of amoxicillin
.
For example, in a randomized study of 424 patients
with H. pylori infection from Shanghai comparing
four different bismuth-based quadruple therapies
(amoxicillin, tetracycline, metronidazole, or furazolidone)
as rescue therapies, furazolidone-containing regimens
had a higher eradication rate (93.4% vs 85.9%; mean
difference = 7.6%, 95%CI: 1.4%-13.8%) compared
to non-furazolidone containing regimens per intent to
[24]
treat (ITT) . Furthermore, a multicenter prospective
study that included 180 patients with H. pylori-positive
duodenal ulcer allocated to amoxicillin 1 g, furazolidone
100 mg, rabeprazole 10 mg, and bismuth 220 mg twice
a day for 10 d demonstrated an eradication rate of 86%
[26]
per ITT . In another randomized controlled study
comparing different durations and doses of furazolidone,
40 patients receiving furazolidone 200 mg to 300 mg per
day with amoxicillin, PPI, and bismuth for 2 wk as rescue
[25]
therapies led to an eradication rate of 88% per ITT .
Finally, a retrospective study of 27 United States patients
receiving furazolidone-containing non-bismuth quadruple
therapy for 2 wk demonstrated a high eradication rate of
[9]
97% per ITT . The eradication rate of 95% in our study
is remarkable, especially given that 15% of patients have
experienced prior treatment failure.
The high eradication rates of H. pylori with fura
zolidone- and amoxicillin-containing quadruple therapy
in our study may be related to several factors. First, two
antibiotics (furazolidone and amoxicillin) with the highest
barrier to resistance were included in the treatment
regimen. With the exception of Iran where furazolidoneresistant H. pylori is common (5% to 22%), the reported
resistance rates in China, Vietnam, and United States
[2,11,23,27-30]
are consistently < 5%
. A recent local study
examining 545 H. pylori cultures obtained from children
showed absence of furazolidone-resistant H. pylori,
consistent with the low (4%) resistance rate shown
[29]
at our center . In addition to the low prevalence of
furazolidone-resistant H. pylori (< 5%), amoxicillin as the
backbone of eradication therapy continues to have the
lowest prevalence of H. pylori resistance reported globally
(< 1%-2%) and in China (< 5%). Second, bismuth

Table 2 Helicobacter pylori eradication rates with
furazolidone- and amoxicillin-based quadruple therapy:
Overall and by subgroup % (95%CI)
Variable
Overall
Primary
Rescue
Adverse events1
Without
With

n /N

Eradication rate

937/992
800/842
137/150

94.5 (94.1-95.9)
95.0 (93.5-96.5)
91.3 (86.8-95.8)

683/715
130/144

95.5 (94.0-97.0)2
90.3 (85.5-95.1)

1

Patients who completed the study protocol were divided into two groups:
without or with adverse events during therapy. Eradication rates of two
groups were calculated and the difference between the two groups was
analyzed. 2Eradication rates were higher among patients without (mean
difference = 5.2%, 95%CI: 0.7%-11.7%, P = 0.01) compared to those with
adverse events during therapy. n: Number of successful eradication; N:
Number of total patients.

to non-alcohol user (AOR = 4.4; 95%CI: 1.5-12.3, P =
0.008), but not alcohol users abstinent during treatment
(AOR = 1.0; 95%CI: 0.4-2.3, P = 1.00), was associated
with failed H. pylori eradication. Finally, smoking during
treatment demonstrated a trend towards failed H. pylori
eradication (AOR = 1.9; 95%CI: 0.9-4.3, P = 0.10)
compared to non-smokers. Age, gender, educational
level, PPI type, bismuth dose, therapy duration, and the
indication for treatment were not associated with failed H.
pylori eradication.

DISCUSSION
In this single-center study evaluating furazolidoneand amoxicillin-based quadruple therapy for H.
pylori infection in an area with a high prevalence of
clarithromycin resistance, the eradication rates were
high at > 90% for both primary and rescue therapies.
Furthermore, treatment-related adverse events were
infrequent with fewer than 3% requiring treatment
discontinuation. Poor adherence to prescribed therapy,
two or more prior eradication attempts, and concurrent
alcohol use during treatment were associated with failed
eradication.
The rise in the prevalence of antibiotic-resistant
H. pylori strains has led to increased treatment failure
[2,10,23]
with traditional triple therapies
. In recognition
of high global prevalence of clarithromycin- and/or
metronidazole-resistant H. pylori infection, the updated
Maastricht V/Florence Consensus Report emphasized
that bismuth quadruple or non-bismuth quadruple,
concomitant therapies (PPI, amoxicillin, clarithromycin,
and a nitroimidazole) are now the treatment of choice
in regions with high (> 15%) clarithromycin resistance
while bismuth quadruple therapies are recommended in
regions with high dual resistance to clarithromycin and
[18]
metronidazole (> 15%) . Furthermore, the guidelines
recommended that clarithromycin should be avoided
and a combination of antibiotics with high barrier to
resistance (amoxicillin, tetracycline, furazolidone, and
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Table 3 Adverse events of furazolidone- and amoxicillin-based quadruple therapy (n = 859) n (%)
Adverse event

Number

Severe

Impact on treatment

Eradication

Abdominal discomfort
Dizziness

39 (4.5)
11 (1.3)

2 (0.2)

38 (97.4)
10 (90.9)

Nausea (with/without vomiting)
Fatigue

20 (2.3)
11 (1.3)

1 (0.1)

Anorexia
Skin rash/pruritus

13 (1.5)
18 (2.1)

3 (0.4)

2 (0.2)
9 (1.1)
3 (0.4)
2 (0.2)
3 (0.4)
1 (0.1)
4 (0.5)
3 (0.4)
2 (0.2)
1 (0.1)
1 (0.1)
1 (0.1)
144 (16.8)

2 (0.2)
1 (0.1)
1 (0.1)
10 (1.2)

2 stopped prior to completion (10, 12 d)
4 stopped prior to completion (7, 10, 10, 12 d); 1 experienced
dizziness after drinking alcohol and stopped prior to completion
(10 d); 1 took 50% medicine
1 took 75% medicine
1 stopped prior to completion (12 d); 1 changed to traditional
Chinese medicine during therapy (7 d)
1 took 80% medicine
4 stopped prior to completion (4, 7, 10, 11 d); 2 changed to other
regimens during therapy (2, 10 d); 1 took half of amoxicillin and
all other drugs
2 stopped prior to completion (7, 9 d)
1 stopped prior to completion (less than 7 d)
2 stopped prior to completion (7,10 d)
1 took 75% medicine
24 (2.8)

Fever
Diarrhea
Constipation
Flatulence
Muscle pain or spasm (shoulder/back)
Acid regurgitation
Abdominal pain
Weight loss
Bitter taste/dry throat
Belching
Chest congestion
Heartburn
Total

13 (100)
15 (83.3)

2 (100)
8 (88.9)
3 (100)
2 (100)
1 (33.3)
1 (100)
4 (100)
3 (100)
2 (100)
1 (100)
1 (100)
1 (100)
130 (90.3)

[35]

that has been shown to improve treatment eradication
rate by 30%-40% in areas with a high prevalence of H.
[31]
pylori resistance was routinely added in our study .
Third, almost all (98%) patients received a 14-d regimen
and none of the patients were prescribed < 10 d of
intended therapy. Although the results are inconsistent,
a systematical review of 75 studies demonstrated that
longer duration of therapy improves eradication and 14
d of treatment have been recommended by updated
[18,32,33]
guidelines
. Finally, selection bias favoring higher
eradication rate is possible among population returning for
confirmatory H. pylori testing.
Our study demonstrated that adverse events
occurred in 17% (95%CI: 14.3%-19.3%) of the cohort
with premature discontinuation of therapy occurring
in 2.8% (95%CI: 1.7%-3.9%). The adverse events
(abdominal discomfort, dizziness, nausea, fatigue,
anorexia, rash, and pruritus) observed in our study were
mild and non-specific, similar to other studies evaluating
[34]
furazolidone-containing regimens . Furthermore, all
side effects resolved after the completion or withdrawal
of therapy without any documented events of severe
hepatotoxicity or kidney injury. Although the incidence
of adverse events with furazolidone-containing H. pylori
[16,25]
regimen is common (18%-33%)
, the incidence of
adverse events associated with furazolidone-containing
regimen is not elevated compared to amoxicillin-based
triple or tetracycline and metronidazole-based quadruple
[24]
therapy . A Chinese meta-analysis of 788 patients also
demonstrated no difference in the incidence of adverse
events between furazolidone-containing quadruple
therapy compared to other quadruple therapy regimens
as rescue therapies (14.1% vs 13.8%; OR = 1.04,
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16 (80.0)
9 (81.8)

95%CI: 0.7-1.6) . The incidence of furazolidoneassociated adverse events is dose-dependent and
severe among those treated with high- (400 mg per
day) compared to low-dose furazolidone (200 mg per
day), longer duration, and co-therapy with bismuth.
Low-dose furazolidone studies generally demonstrate
[36-39]
a low incidence of adverse events of < 20%
.
Although the eradication rate in patients with adverse
events was lower (90.3% vs 95.5%, mean difference
= -5.2%, 95%CI: -0.7% to -11.7%) compared to
those without adverse events in our study, the overall
eradication rate remained high at > 90%.
Furazolidone is a synthetic nitrofuran that has been
widely used as an antibiotic to treat enteric infections
globally. The carcinogenetic effects of furazolidone
[12-15,40]
suggested in early animal studies
have remained
speculative in clinical settings. Furazolidone is a category
3 agent and considered unclassifiable in regards to
[41]
carcinogenicity in humans . Despite being a widely
used antibiotic in Asia for more than two decades,
teratogenicity or carcinogenicity in humans has yet to
[42]
be reported despite close scrutiny . Furazolidone is
currently not available in the United States due to the
[43]
lack of a commercial market . The abandonment
of furazolidone-based therapy of finite duration due
[43]
to concerns of side effects may be misguided . Our
current study of nearly 1000 patients demonstrating
a favorable safety profile supports the use of low-dose
furazolidone-based quadruple therapy for H. pylori
infection.
Multivariate analysis demonstrated that poor
adherence (AOR = 6.7, 95%CI: 2.8-15.8), multiple
treatment (AOR = 7.4, 95%CI: 2.2-24.9), alcohol
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Table 4 Univariate and multivariate analyses for predictors of failed Helicobacter pylori eradication
Factor

Eradication rate

P value1

n /N (%)
Age (yr)
Gender
Education2

Number of previous
H. pylori treatment(s)
Diagnosis

PPI type

Bismuth

Duration of regimen
Adherence2
Smoking2

Alcohol2

< 60
≥ 60
Male
Female
< 7 yr
7-9 yr
10-12 yr
13-16 yr
> 16 yr
None
One
Two or more
Functional dyspepsia
Peptic ulcers
Erosive esophagitis
Other sources of upper GI bleeding
Gastric neoplasm
Asymptomatic gastritis
13
C-UBT positive during health checkup
Esomeprazole
Rabeprazole
Pantoprazole
Other PPIs
400 mg per day
600 mg per day
800 mg per day
10 d
14 d
Took 80% medicine or more
Took less than 80% medicine
Non-smoker
Abstinence during therapy
Smoking during therapy
Non-alcohol user
Abstinence during therapy
Alcohol use during therapy

781/827 (94.4)
156/165 (94.5)
469/501 (93.6)
468/491 (95.3)
150/164 (91.5)
237/249 (95.2)
187/197 (94.9)
219/229 (95.6)
20/20 (100)
800/842 (95.0)
119/127 (93.7)
18/23 (78.3)
453/478 (94.8)
245/259 (94.6)
67/69 (97.1)
4/5 (80.0)
6/6 (100.0)
68/75 (90.7)
94/100 (94.0)
253/264 (95.8)
209/224 (93.3)
408/435 (93.8)
67/69 (97.1)
204/213 (95.8)
371/391 (94.9)
362/388 (93.3)
19/21 (90.5)
918/971 (94.5)
782/819 (95.5)
31/40 (77.5)
631/660 (95.6)
77/80 (96.3)
105/119 (88.2)
600/628 (95.5)
186/197 (94.4)
27/34 (79.4)

Multivariate

2

OR (95%CI)

P value

0.96

-

-

0.24

-

-

0.29

-

-

0.002

0.49

Reference
1.2 (0.5-2.7)
7.4 (2.2-24.9)
-

0.73
0.001
-

0.42

-

-

0.4

-

-

0.33

-

-

< 0.001

Reference
6.7 (2.8-15.8)
Reference
0.7 (0.2-2.7)
1.9 (0.9-4.3)
Reference
1.0 (0.4-2.3)
4.4 (1.5-12.3)

< 0.001
0.65
0.10
1.00
0.008

0.004

< 0.001

1

Univariate analysis; 2Data analyzed only for patients who completed the study protocol (n = 859). n: Number of successful eradication; N: Number of total
patients; GI: Gastrointestinal; PPI: Proton pump inhibitor; 13C-UBT: 13C-urea breath test.

use (AOR = 4.4, 95%CI: 1.5-12.3), and possibly
smoking (AOR = 1.9, 95%CI: 0.9-4.3) during therapy
were associated with failed H. pylori eradication. As
expected and consistent with previous findings, poor
adherence defined by taking < 80% of the prescribed
therapy and history of multiple treatment failures
defined by ≥ 2 treatment attempts had more than
6-fold and 7-fold increased risks of treatment failure,
[44,45]
respectively
. Concurrent alcohol, but not alcohol
abstinence during therapy, compared to non-alcohol
use increased the odds of treatment failure in our study.
Although the reason is unclear, concurrent alcohol use
with furazolidone may lead to increased adverse events
that may impact adherence to therapy. Smoking has
been previously associated with decreased H. pylori
eradication rate with proposed reasons including
adverse impact on adherence, decreased gastric
mucosal blood flow, increased gastric acidity, and
[46,47]
altered PPI metabolism
.
Our findings have clinical implications. Rather than
pathogen-associated factors, host-associated factors
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were primary determinants of successful eradication of
H. pylori with furazolidone- and amoxicillin-containing
quadruple therapy. Furthermore, excluding prior
treatment failure, other predictors can potentially be
modified during the treatment course to optimize
the eradication rate. Our findings highlight the role of
physician-patient communication, emphasizing the
importance of adherence to prescribed therapy and
alcohol cessation during therapy to optimize H. pylori
eradication.
The strength of our study is the evaluation of
a large patient population in a “real-world” setting
examining furazolidone- and amoxicillin-containing
quadruple therapy as both primary and rescue regimens.
Furthermore, detailed data of adverse events as well
as evaluation of factors associated with failed H. pylori
eradication were analyzed. Finally, our study showed that
furazolidone- and amoxicillin-based quadruple therapy
led to a high eradication rate regardless of furazolidone
dose (i.e., 200 mg per day), bismuth dose, or PPI type
previously raised as potential factors for successful H.
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[48]

than 3% of patients reported treatment-related adverse events leading to
premature discontinuation. Poor medication adherence, previous H. pylori
treatments, and alcohol consumption during therapy were associated with failed
H. pylori eradication. These findings suggest that furazolidone- and amoxicillinbased quadruple therapy with proper patient education could optimize treatment
of H. pylori infection in regions with high resistance to clarithromycin. Evaluating
the efficacy of furazolidone- and amoxicillin-based quadruple therapy in areas
other than China may be invaluable in future studies.

pylori eradication .
Our study has limitations. Our findings may not be
generalizable in areas with highly variable H. pyloriresistant patterns or no access to furazolidone. Future
studies evaluating the efficacy of furazolidone- and
amoxicillin-based quadruple therapy in areas other
than Iran or China may be invaluable. Furthermore, H.
pylori culture and sensitivity were not performed in all
enrolled patients. However, H. pylori antibiotic sensitivity
data available in a subset of patients in our study
paralleled findings from two recent large studies from
[29,49]
the same region
. Finally, the analysis of patients who
completed repeat evaluation of H. pylori after treatment
may lead to bias in the interpretation of the results.
In conclusion, furazolidone- and amoxicillin-based
quadruple therapy in a region with high clarithromycin
resistance demonstrated high eradication rates as
primary and rescue therapies with favorable safety
profiles. Patient education targeting abstinence from
alcohol and strict medication adherence may further
optimize H. pylori eradication.

Research conclusions

Furazolidone- and amoxicillin-based quadruple therapy demonstrated high
eradication rates as both primary and rescue therapies for H. pylori infection
with a favorable safety profile in areas with a high rate of clarithromycin
resistance. Abstinence from alcohol and strict medication adherence during
therapy may further optimize H. pylori eradication. These findings validate
updated guidelines recommending furazolidone-containing quadruple therapy
as a first-line regimen for treatment of H. pylori infection in populations with a
high rate of clarithromycin resistance.

Research perspectives

Selecting optimal treatment for H. pylori infection is important in regions with a
high rate of resistance to clarithromycin. Targeted patient education may further
optimize H. pylori eradication. Future studies confirming the high efficacy of
furazolidone- and amoxicillin-based quadruple therapy in areas other than
China may be invaluable.
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Abstract

Informed consent statement: This study used insurance
reimbursement claims data provided by the Health Insurance
Review and Assessment (HIRA). It did not need to make sure of
informed written consent prior to study enrollment because the
data was already encrypted personal identifiable information.

AIM
To investigate survival rate and incidence of hepato
cellular carcinoma (HCC) in patients with decompen
sated cirrhosis in the antiviral era.

Conflict-of-interest statement: There are no conflicts of interest
to report

METHODS
We used the Korean Health Insurance Review and
Assessment. Korea’s health insurance system is a public
single-payer system. The study population consisted
of 286871 patients who were prescribed hepatitis B
antiviral therapy for the first time between 2007 and
2014 in accordance with the insurance guidelines.

Data sharing statement: No additional data are available.
STROBE Statement: The items that should be included in
reports of observational studies were checked and the file of
STROBE statement was uploaded.
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Overall, 48365 antiviral treatment-naïve patients treated
between 2008 and 2009 were included, and each had
a follow-up period ≥ 5 years. Data were analyzed for
st
the 1 decompensated chronic hepatitis B (CHB) and
treatment-naïve patients (n = 7166).

INTRODUCTION
There are many studies on the natural course of chronic
[1,2]
hepatitis B (CHB) . A population-based cohort study
reported an 11% annual incidence of decompensated
complications in patients with compensated chronic liver
[1]
disease . In patients with decompensated liver disease,
the risk of hepatocellular carcinoma (HCC) and mortality
increases by 7%-8% and up to 20%-50% annually,
[2]
respectively .
It is clear that antiviral therapy reduces liver disease
progression and mortality in decompensated CHB
[3-5]
patients . However, clinical data for long-term survival
rate, the incidence of HCC, and the recurrence of
decompensated events in patients with decompensated
cirrhosis receiving antiviral agents are still lacking in the
antiviral era.
A landmark study of clinical outcomes of CHB-associ
[6,7]
ated decompensated cirrhosis was recently published .
[6]
Jang et al evaluated the effects of antiviral therapy on
mortality rate in decompensated cirrhosis patients and
reported a 5-year survival rate of 423 decompensated
cirrhosis patients of 59.7%. However, the sample size
was small, and the follow-up period was short. Moreover,
all patients were treated in a tertiary hospital setting and
the selection bias was unclear. There are several metaanalyses on the effects of antiviral agents in patients with
[8-11]
CHB-associated decompensated cirrhosis
. However,
only three studies to date have included > 100 patients
[6,12,13]
for > 1 year
, and few studies have used a highly
potent viral nucleos(t)ide analog (entecavir or tenofovir).
Here we used a nationwide database to investigate
the long-term mortality rate and incidence of HCC in
patients with CHB-associated decompensated cirrhosis
who received antiviral agents.

RESULTS
The mean patient age was 43.5 years. The annual
mortality rates were 2.4%-19.1%, and 5-year cumulative
st
mortality rate was 32.6% in 1 decompensated CHB
treatment-naïve subjects. But the annual mortality
rates sharply decreased to 3.4% (2.4%-4.9%, 2-5
year) after one year of antiviral treatment. Incidence
of HCC at first year was 14.3%, the annual incidence
of HCC decreased to 2.5% (1.8%-3.7%, 2-5 year)
after one year. 5-year cumulative incidence of HCC
was 24.1%. Recurrence rate of decompensated event
was 46.9% at first year, but the annual incidence of
second decompensation events in decompensated
CHB treatment-naïve patients was 3.4% (2.1%-5.4%,
2-5 year) after one year antiviral treatment. 5-year
cumulative recurrence rate of decompensated events
was 60.6%. Meanwhile, 5-year cumulative mortality rate
was 3.1%, and 5-year cumulative incidence of HCC was
11.5% in compensated CHB treatment-naïve patients.
CONCLUSION
Long term outcome of decompensated cirrhosis treated
with antiviral agent improved much, and incidence
of hepatocellular carcinoma and mortality sharply de
creased after one year treatment.
Key words: Hepatitis B; Antiviral agent; Decompensated
cirrhosis; Mortality; Hepatocellular carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: It is well known that antiviral treatment im
proves clinical outcomes of chronic hepatitis B-asso
ciated decompensated cirrhosis. However, long term
and large scale clinical data regarding survival rate,
and incidence of hepatocellular carcinoma in patients
with decompensated cirrhosis in the antiviral era are
lacking. We investigated the survival rate and incidence
of hepatocellular carcinoma (HCC) in patients with
decompensated cirrhosis by using the Health Insurance
Review and Assessment database. Long term outcome of
treating hepatitis B-associated decompensated cirrhosis
using antiviral agents improved much compare to
previous reports. Cumulative mortality rate and incidence
of HCC was sharply decreased after one year antiviral
treatment.

Data source

This study used insurance reimbursement claims data
provided by the Health Insurance Review and Assessment
(HIRA). The health insurance claims data are generated
when a health care provider submits a reimbursement
claim to HIRA for payment of the portion of the medical
services provided to the patient covered by the National
Health Insurance. Korea’s health insurance system is a
public single-payer system. 97.2% of the total population
in Korean people is enrolled in national insurance system.
Health care providers are automatically eligible and
obliged to treat patients for services covered under the
[14]
system. The system is controlled by the government .

Study design

Ju YC, Jun DW, Choi J, Saeed WK, Lee HY, Oh HW. Long
term outcome of antiviral therapy in patients with hepatitis
B-associated decompensated cirrhosis. World J Gastroenterol
2018; 24(40): 4606-4614 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i40/4606.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i40.4606
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This retrospective cohort study used HIRA claims data
from January 2007 to December 2014. The provided
data were approved by the National Health Insurance
Service following a review process, and the data were
released with an encrypted number according to the
disclosure principle. The study was conducted with

4607

October 28, 2018|Volume 24|Issue 40|

Ju YC et al . Decompensated cirrhosis in antiviral era

Operational definitions

approval from the institutional review board (IRB
approval: HYUH 2017-04-006).

The operational definitions were as follows. Naïve
nucleos(t)ide analog treatment was defined as having no
record of prescribed antiviral agents through insurance
reimbursement 1 year before the first administration of
an antiviral agent. Decompensated CHB treatment-naïve
was defined as the removal of ≥ 3 L on paracentesis,
endoscopic band ligation (or sclerotherapy) or drug
therapy for variceal bleeding, lactulose enema after
admission for hepatic encephalopathy, and treatment
after admission for hepatorenal syndrome. The first
decompensated event was defined as a complication
such as tense ascites, variceal bleeding, hepatic ence
phalopathy, and/or hepatorenal syndrome at the start of
antiviral treatment, but there were no decompensated
events within 2 years before antiviral treatment. Tense
ascites was defined as the need for paracentesis
(C8050, C8051, and Q2470) while using an antiviral
agent. Variceal bleeding was defined as the need for
sclerotherapy, variceal ligation (Q2430, Q2431, Q2432,
Q2433, Q2434, Q2435, Q2436, Q2437, Q2438, Q7631,
Q7632, Q7633, and Q7634), or drug therapy for
esophageal variceal bleeding (vasopressin, terlipressin,
somatostatin, or octreotide) while on antiviral therapy.
Hepatic encephalopathy was defined as administration
of a lactulose enema (M0076) while using an antiviral
agent. Hepatorenal syndrome was defined as coadministration of terlipressin and albumin while under
antiviral therapy. Death was defined as HIRA code (clinical
outcome code DGRSLT_TP_CD “4: Death”).

Study population

The study population consisted of 286871 patients who
were prescribed hepatitis B antiviral therapy for the first
time between 2007 and 2014 in accordance with the
insurance guidelines. Overall, 48365 antiviral treatmentnaïve patients treated between 2008 and 2009 were
included, and each had a follow-up period ≥ 5 years.

Inclusion criteria

The inclusion criteria were as follows: (1) CHB patients
who were prescribed nucleos(t)ide analogs for the
first time under the national reimbursement policy.
The HIRA reimbursement criteria were as follows:
hepatitis B surface antigen (HBsAg)-positive for ≥ 6
mo, aminotransferase activity ≥ 80 U/L, and baseline
hepatitis B e antigen (HBeAg)-positive with hepatitis
B virus (HBV)-DNA ≥ 100000 copies/mL or HBeAgnegative with HBV-DNA ≥ 10000 copies/mL; (2)
prescribed oral antiviral agents for > 90 d; and (3) an
observational period for ≥ 5 years after the initial use of
an oral antiviral agent. All subjects were nucleos(t)ide
analog-naïve patients.

Exclusion criteria

Patients meeting any of the following criteria were
excluded: (1) prescription of oral antiviral agents
(lamivudine, clevudine, adefovir, telbivudine, entecavir,
or tenofovir) within the prior 1 year under the reim
bursement system; (2) decompensated event (tense
ascites, variceal bleeding, hepatorenal syndrome, or
hepatic encephalopathy) using the operational definition
within the prior 2 years before nucleos(t)ide analog
treatment; (3) diagnosis of any type of cancer before
antiviral treatment; and (4) observational period < 5
years after nucleos(t)ide analogs treatment.

Validation of operational definitions

Based on the operational definitions, the appropriateness
of the data extracted from the HIRA was assessed as
follows. The databases from tertiary hospitals covering
6 years (January 2009 to December 2014) were used
to review the patients’ medical records corresponding
to the operational definitions to confirm agreement
with the operational definitions (IRB approval: HYUH
2015-09-017). Overall, 133 patients had data cor
responding to the definition of decompensated cirrhosis;
120 patients, tense ascites; 40 patients, variceal
bleeding; 51 patients, hepatic encephalopathy; and 5
patients, hepatorenal syndrome.

Definitions

“Compensated CHB treatment-naïve” was defined as
having never developed a decompensated event within
the prior 2 years before starting an antiviral agent.
Both CHB and compensated cirrhosis were included.
“Decompensated CHB treatment-naïve” was defined as
having never developed a decompensated event within
2 years before starting the antiviral agent but at the
start of antiviral treatment. Diagnosis of HCC is strictly
regulated by HIRA, because government pays 95% of
the bill. HCC can be diagnosed, if the typical hallmark
(hypervascularity in the arterial phase and washout in
the portal or delayed phase) is identified on one or more
(two or more) imaging techniques (dynamic computed
tomography, dynamic magnetic resonance imaging,
gadolinium-ethoxybenzyldiethylenetriamine pentaacetic
acid (Gd-EOB-DTPA)-enhanced magnetic resonance
[15]
imaging magnetic resonance imaging) .

WJG|www.wjgnet.com

Primary and secondary endpoints

The primary endpoint was mortality rate. The secondary
endpoint was the incidence of decompensated cirrhosisassociated complications and HCC.

Statistical analysis

The t-test and chi-square tests were used to assess
demographic differences based on sex and differences
in biochemical data. Kaplan-Meier analysis was used
to assess survival rate and re-bleeding frequency. The
statistical analysis was performed using SAS software
(version 9.4; SAS Institute, Inc., Cary, NC, United
States).
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Receiving NUC in HBV patients
(n = 286871)

Excluded the patients with the records
of NUCs within 1-yr, decompensated
event within 2-yr (n = 90330)

Naïve NUC treatment
(n = 196541)

Excluded the patients diagnosed with
all type of cancer before NUCs
treatment (n = 90330)

Naïve NUC treatment in HBV
patients without cancer
(n = 165015)

Combined with large ascites, varix
bleeding, hepatorenal syndrome,
hepatic encephalopathy

st

1 Decompensated event
at that time NUC
No

Insufficient
Observational period
< 5 yr (n = 112166)

Yes

Compensated CHB
treatment naïve (n = 157849)

Decompensated CHB
treatment naïve (n = 7166)

Analysis set A
Compensated CHB
treatment naïve (n = 45683)

Analysis set B
Decompensated CHB
treatment naïve (n = 2682)

Insufficient
Observational period
< 5 yr (n = 4484)

Figure 1 Flow chart of the study. NUC: Nucleos(t)ide; HBV: Hepatitis B virus; CHB: Chronic hepatitis B.

unmatched 13 patients, five underwent postoperative
paracentesis, six underwent paracentesis due to multiple
organ failure caused by sepsis, and two underwent
paracentesis because of malignant condition. A total of 40
patients with variceal bleeding were extracted according
to the operational definition; of them, 38 (95.0%) had
matching and 2 had non-matching medical records.
Both non-matching cases involved peptic ulcer disease
being misdiagnosed as variceal bleeding. A total of 51
hepatic encephalopathy cases were extracted according
to the operational definition; of them, 49 (96.0%) had
matching and 2 had non-matching medical records.
Finally, five patients with hepatorenal syndrome were
extracted based on the operational definition, and all had
matching medical records.

RESULTS
Patient selection

A total of 286871 CHB patients were prescribed nu
cleos(t)ide analogs under the reimbursement policy
(HBsAg-positive, baseline HBeAg-positive with HBVDNA ≥ 100000 copies/mL or HBeAg-negative with HBVDNA ≥ 10000 copies/mL, and aminotransferase level
≥ 80 IU/L) between 2007 and 2014 (Figure 1). A total
of 196541 treatment-naïve patients who were never
prescribed oral antiviral agents (lamivudine, clevudine,
adefovir, telbivudine, entecavir, or tenofovir) within
the previous 1 year were selected. Only those with an
observation period ≥ 5 years were included. Ultimately,
45683 compensated CHB treatment-naïve (of 157849)
and 7166 decompensated CHB treatment-naïve subjects
were selected (Figure 1). The 45683 patients included
showed compensated liver disease, while 2682 patients
had accompanying decompensated complications at
initiation of nucleos(t)ide analog treatment (Table 1).
Mean patient age was 43.5 years, and the patients took
various antiviral agent (entecavir: 41.7%; lamivudine:
17.4%; clevudine: 6.3%; combination: 29.4%).

Clinical course of compensated CHB treatment-naïve
patients treated with nucleos(t)ide analog

In compensated CHB treatment-naïve patients, the
5-year cumulative incidence of various complications
was 7.4%, while the annual incidence of the first onset
of decompensated complications after using an antiviral
agent was 1.2%-2.0% (Table 2). The frequency of
decompensated complications decreased significantly as
the duration of antiviral agent use increased (P for trend,
< 0.0001) (Figure 2A).
The annual incidence of HCC was 1.8%-3.5%, and
it decreased significantly during the period in which an
antiviral agent was used (P for trend, < 0.0001) (Figure
2B). In compensated CHB treatment-naïve patients, the
5-year cumulative incidence of HCC was 11.5%, which
was higher than that of decompensated complications
(7.4%) (P < 0.0001). Finally, the annual mortality
rate was 0.6%-0.7% (Figure 2C), whereas the 5-year

Validation of operational definitions

The validity of the operational definitions was tested as
follows. The operational definitions were used to identify
patients from the databases of tertiary hospitals (covering
6 years between 2009 and 2014), and their medical
records were reviewed to assess the agreement with
the operational definitions. Overall, 120 patients with
tense ascites were identified according to the operational
definitions. Among them, 107 (89.2%) had matching
and 13 had non-matching medical records. Among the

WJG|www.wjgnet.com
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Table 1 Patients’ basic characteristics n (%)

Sex (male)
Age (yr)
Nucleos(t)ide analog
Entecavir
Lamivudine
Clevudine
Lamivudine + adefovir
Telbivudine
Others
Medication compliance
< 25%
25%-50%
50%-75%
> 75%
Type of first decompensation
Refractory ascites
Varix bleeding
Hepatorenal syndrome
Hepatic encephalopathy

1

a

Total (n = 48365)

Compensated HBV group
(n = 45683)

32691 (67.6)
43.5 ± 12.3

30881 (67.6)
43.0 ± 12.2

1810 (67.5)
51.7 ± 11.5

0.9214
< 0.0001

20147 (41.7)
8411 (17.4)
3029 (6.3)
2525 (5.2)
32 (0.1)
14221 (29.4)

18644 (40.8)
7937 (17.4)
2898 (6.3)
2415 (5.3)
30 (0.1)
13759 (30.1)

1503 (56.0)
474 (17.7)
131 (4.9)
110 (4.1)
2 (0.1)
462 (17.2)

< 0.0001
0.7105
0.0028
0.0084
1.0000
< 0.0001

12793 (26.5)
6067 (12.5)
7075 (14.6)
22430 (46.4)

12045 (26.4)
5769 (12.6)
6686 (14.6)
21183 (46.4)

748 (27.9)
298 (11.1)
389 (14.5)
1247 (46.5)

0.0700
0.0229
0.8735
0.9835

2022 (55.6)
711 (19.6)
151 (4.2)
752 (20.7)

Decompensated cirrhosis group
(n = 2682)

P value

2022 (55.6)
711 (19.6)
151 (4.2)
752 (20.7)

1

Patients with chronic hepatitis and with early compensated cirrhosis. aP < 0.05 by Chi-square and Student’s t-test. HBV: Hepatitis B virus.

cumulative mortality rate was 3.1% and the cumulative
survival rate was 96.9%.

vices. There is inherent weakness when someone uses
such database which relies on local and regional practices
in order to generate a reimbursement claim. Therefore,
we tried to used performance or drug medication code
rather than diagnosis code. Use of antiviral agents,
albumin, vasoactive drugs (vasopressin, terlipressin,
somatostatin, or octreotide) are strictly regulated by
government. All above drugs have very narrow indication
and regulated strictly, because of high price. All health
care providers should submit a supporting laboratory
data or documents that meet reimbursement criteria.
Because government pays 95% of total medical
expenses in case of HCC, diagnose of HCC verified by
[15]
the government according to strict criteria. So we tried
to use diagnostic code (ICD-10) and popular medication,
such as diuretics and oral lactulose relies on local and
regional practices in order to generate reimbursement.
Another challenge when use reimbursement data is
baseline disease severity is quite heterogeneous, because
laboratory data was not visible. To correct the disease
severity of baseline only first decompensated cirrhosis
patients and antiviral treatment-naïve patients were
enrolled. Baseline alanine aminotransferase ≥ 80 IU
with HBV-DNA ≥ 100000 copies/mL (in HBeAg-negative
patients) or HBV-DNA ≥ 10000 copies/mL (in HBeAgpositive patients) should be clarified by HIRA.
Several studies have examined the natural course of
[2,16,17]
CHB in patients without antiviral therapy
. Previous
reports showed 5-year survival rate of decompensated
[5,18]
cirrhosis at 14%-35% under supportive treatment
.
[19,20]
There are two Asian studies
. Five-year survival rate
was 19% in 102 untreated decompensated cirrhosis
[20]
patients . In our study, 5-year cumulative survival rate
st
was 67.4% in 1 decompensated CHB treatment-naïve
subjects. Median survival was only 2 years, and the 2-year
possibility of survival was 57% in patients with CHB-

Clinical course of decompensated CHB treatment-naïve
patients treated with nucleos(t)ide analog

The annual incidence of a second decompensation
event in decompensated CHB treatment patients was
2.1%-46.9%: It was highest within the first year (46.9%)
but decreased over the antiviral treatment period (P for
trend, < 0.0001) (Figure 2D). The 5-year cumulative
recurrence rate was 60.6%.
The annual incidence of HCC was 1.8%-14.3%, and
it decreased significantly as antiviral treatment period
increased (P for trend, < 0.0001) (Figure 2E). The
5-year cumulative incidence of HCC was 24.1%. The
development of HCC was high within the first year after
antiviral agent use (14.3%) and decreased thereafter,
but the incidence remained steady even 1 year after the
start of antiviral therapy, showing an annual incidence
of 2.5% (1.8%-3.7%, 2-5 year). Finally, the annual
mortality rate was approximately 2.4%-19.1%, whereas
the 5-year cumulative mortality rate was 32.6% and the
cumulative survival rate was 67.4%.

DISCUSSION
In compensated CHB treatment-naïve patients, the
5-year cumulative incidences of HCC and decompensated
complications were 11.5% and 7.4%, respectively. In
CHB-associated decompensated cirrhosis patients, the
5-year cumulative incidence of HCC was 24.1%, whereas
the mortality rate was 32.6% after antiviral therapy
(Figure 3).
This study used national database that was compiled
from physician reimbursement claims for medical ser

WJG|www.wjgnet.com

4610

October 28, 2018|Volume 24|Issue 40|

WJG|www.wjgnet.com
[17]

associated decompensated cirrhosis in a meta-analysis . The 1-year possibility of death of patients with clinical stage 3 disease (ascites ± varix) was 20%, while the 1-year
[16]
death rate was 57% in patients with clinical stage 4 disease (variceal bleeding ± ascites) .
Data of the clinical course of CHB-associated decompensated cirrhosis with antiviral agent use are sparse. Antiviral treatment was effective in improving survival rate in
[18]
[21]
decompensated cirrhosis . Two-year survival rate of 70 decompensated patients was 83% in entecavir treatment group . In our study, 2-year cumulative survival rate
st
[20]
was 76.0% in 1 decompensated CHB treatment-naïve subjects. Das et al showed the clinical course of patients with CHB-associated decompensated cirrhosis from 1998
to 2008. Of the 253 patients, 151 (59.7%) received antiviral treatment. The 5-year survival rate was 21% in the antiviral treatment group and 19% in the untreated group,
quite low compared to our results (21% vs 67.4%, respectively). The reason might be differences in baseline characteristics and their use of low-potent antiviral agents. The
dominant antiviral agent was lamivudine (88%) in Das’s study, whereas most of our patients were prescribed entecavir (41.7%) or combination treatment (29.4%). Jang et
[6]
al evaluated the effects of antiviral therapy on mortality rate in decompensated cirrhosis patients and reported a 5-year survival rate of 423 decompensated cirrhosis patients
of 59.7%. Although we used very strict operational definitions, the 5-year survival rate (61.4%) of decompensated CHB treatment-naïve patients was comparable to that of
Jang’s results (59.7%). The definition of tense ascites used in the present study was relatively restricted to cases in which paracentesis of > 3 L was performed. Thus, patients
with mild-grade ascites, which can be controlled by diuretics, were excluded from our study. This is the largest cohort study to date to analyze the clinical outcomes of antiviral
therapy in decompensated CHB patients. In our study, 7166 decompensated treatment-naïve patients were enrolled.
[2]
Until now, the annual incidence of HCC in patients with compensated cirrhosis was known to be 7%-8% . Antiviral therapy reduced the incidence of HCC in compensated
[3,4,22]
liver disease patients
. In the present study, in compensated CHB patients on antiviral therapy, the annual incidence and 5-year cumulative incidence of HCC were 1.7%-3.5%
[3,4,22]
and 11.5%, respectively. It seems low compared to those of previous studies
, but the incidence of HCC looked higher than that of first decompensated complications (7.4%).
This means that, in compensated CHB patients, clinicians should be more alert to HCC than to newly developing decompensated complications.
There is little room for debate about whether antiviral therapy can reduce the incidence of HCC in patients with compensated CHB, but no studies have reported whether
it can reduce the incidence of HCC in patients with decompensated cirrhosis. In present study, the 5-year cumulative incidence of HCC in patients with decompensated cirrhosis
and on antiviral therapy was 24.1%. Interestingly, antiviral therapy after the onset of decompensated complications reduced the incidence of HCC from 14.26% in the first year
to 3.73%, 2.61%, 1.75%, and 1.79% in the following years. However, additional studies are needed to determine whether such a drastic decrease in the incidence of HCC is a
result of antiviral therapy itself or a result of modifying one’s lifestyle, for example, abstaining from alcohol (Figure 2).
The limitations of the present study are as follows. First, the present study used data that were specific to insurance reimbursement claims; thus, the data lacked accurate
information about the patients’ disease severity and blood test results (HBV-DNA polymerase chain reaction, liver enzymes, alpha-fetoprotein, etc.). To minimize this problem,
we included treatment-naïve patients (all baseline HBeAg-positive patients with HBV-DNA ≥ 100000 copies/mL or HBeAg-negative patients with HBV-DNA ≥ 10000 copies/
mL and alanine aminotransferase or aspartate aminotransferase level ≥ 80 IU/L). Second, mismatching operational definitions are possible. In our study, the concordance
rate of the operational definition of uncontrolled ascites was 89.1%, which means that approximately 10% of cases did not match. We tried to validate the operational

< 1 yr
1-2 yr
2-3 yr
3-4 yr
4-5 yr
a
P for trend

Compensated chronic hepatitis B (n = 45683)
Decompensated cirrhosis (n = 2682)
Newly decompensated incidence
Hepatoma incidence
Mortality incidence
Second decompensated incidence
Hepatoma incidence
Mortality incidence
(n = 3401)
(n = 5268)
(n = 1415)
(n = 1626)
(n = 1295)
(n = 874)
Event
Percent Accumulation Event Percent Accumulation Event Percent Accumulation Event Percent Accumulation Event Percent Accumulation Event
Percent Accumulation
(%)
(%)
(%)
(%)
(%)
(%)
923
2.02%
2.02%
1602
3.51%
3.51%
253
0.55%
0.55%
1257
46.87%
46.87%
765
14.26%
14.26%
513
19.13%
19.13%
662
1.45%
3.47%
1053
2.31%
5.81%
249
0.55%
1.10%
144
5.37%
52.24%
200
3.73%
17.99%
132
4.92%
24.05%
634
1.39%
4.86%
947
2.07%
7.88%
280
0.61%
1.71%
99
3.69%
55.93%
140
2.61%
20.60%
94
3.50%
27.55%
631
1.38%
6.24%
802
1.76%
9.64%
324
0.71%
2.42%
71
2.65%
58.58%
94
1.75%
22.35%
65
2.42%
29.98%
551
1.21%
7.44%
864
1.89%
11.53%
309
0.68%
3.10%
55
2.05%
60.63%
96
1.79%
24.14%
70
2.61%
32.59%
< 0.0001
< 0.0001
0.0004
< 0.0001
< 0.0001
< 0.0001

Table 2 Rate of clinical progression of liver disease
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Figure 2 Clinical course of chronic hepatitis B patients receiving antiviral agents. CHB: Chronic hepatitis B. HCC: Hepatocellular carcinoma.

definitions in various clinical settings, because pattern
of prescribing antiviral agent might be quite different
depending on the clinical settings. We investigated two
different sized hospitals; one is tertiary hospital and
the other is secondary hospital. Although we tried to
validate the operational definitions using real world data
from two different hospitals, we thought 133 patients
were not enough to validate for 7166 decompensated
patients’ data. Third, the definition of “compensated
CHB” is more lenient as it included both CHB and early
compensated cirrhosis patients, while “decompensated
CHB” is very strict, as it only includes “patients with large
amounts of ascites” but generally “ascites is a feature of
decompensation.” Patients with moderate ascites who
used diuretics and had mild variceal bleeding with no drug
therapy were excluded from the study. Consequently,
the decompensated complications defined in the present
study may have been underestimated compared to
those in actual patients with decompensated cirrhosis.
Fourth, the present study used diagnosis codes to
diagnose HCC. Because the diagnosis of HCC was based

WJG|www.wjgnet.com

on dynamic contrast-enhanced computed tomography or
magnetic resonance imaging findings without a biopsy,
the numbers may have been overestimated compared
to the actual incidence of HCC. Fifth, given that it was
impossible to check the medical and radiological records
of all patients, those with both CHB and compensated
cirrhosis were labeled compensated CHB treatmentnaïve. As a result, some patients with compensated
cirrhosis and only a small amount of ascites may have
been included in our patients with compensated liver
disease. Finally, this study did not consider the patients’
alcohol consumption history. In patients with hepatitis B,
alcohol consumption is known to increase the incidence
of HCC. However, the present study was unable to
identify the patients’ alcohol consumption and drinking
habits.
In conclusion, in compensated CHB patients,
the 5-year cumulative incidences of decompensated
complications and HCC were 7.4% and 11.5%,
respectively. In decompensated CHB patients, the
annual and 5-year cumulative incidences of HCC were
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Chronic hepatitis B with first antiviral treatment
1.2%-2.0%/yr; (5 yr 7.4%)
Compensated CHB treatment naive
Chronic hepatitis

Compensated cirrhosis

1.8%-14.3%/yr;
(5 yr 24.1%)
1.8%-3.5%/yr;
(5 yr 11.5%)

Hepatocellular
carcinoma

Decompensated CHB
treatment naive
2.1%-46.9%/yr;
(5 yr 60.6%)

2.4%-19.1%/yr;
(5 yr 32.6%)

Second
decompensation

Death

0.5%-0.7%/yr; (5 yr 3.1%)

Figure 3 Shifting of clinical stage in patients receiving antiviral agents. CHB: Chronic hepatitis B.
The 5-year cumulative incidence of HCC in decompensated CHB treatment
patients was 24.1%. The 5-year cumulative mortality rate was 32.6% and the
cumulative survival rate was 67.4%.

1.8%-14.3% and 24.1%, respectively. Moreover, the
annual and 5-year cumulative mortality rates were
approximately 2.6%-19.1% and 32.6%, respectively.

Research conclusions

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

This study used national database that was compiled from physician
reimbursement claims for medical services. There would be several limitations,
but we proposed the new methodology when using a long term and large
scale clinical database such as HIRA. According to the present study, we
suggested that clinicians should be more alert to HCC than to newly developing
decompensated complications. Interestingly, antiviral therapy after the onset
of decompensated complications reduced the incidence of HCC from 14.26%
in the first year to 3.73%, 2.61%, 1.75%, and 1.79% in the following years.
However, additional studies are needed to determine. In conclusion, long term
outcome of treating hepatitis B-associated decompensated cirrhosis using
antiviral agents improved much compare to previous reports. Incidence of
cumulative mortality rate and hepatocellular carcinoma was sharply decreased
after one year antiviral treatment.

Research background

According to a population-based cohort study, the annual incidence of
decompensated complications was 11% in patients with compensated chronic
liver disease. It is clear that antiviral therapy reduces liver disease progression
and mortality in decompensated chronic hepatitis B (CHB) patients. However,
clinical data for long-term survival rate, the incidence of hepatocellular
carcinoma (HCC), and the recurrence of decompensated events in patients
with decompensated cirrhosis treated with antiviral agents are still lacking in the
antiviral era

Research motivation

Several studies have examined the natural course of CHB in patients without
antiviral therapy. Data of the clinical course of CHB-associated decompensated
cirrhosis with antiviral agent use are sparse. In this study, we tried to investigate
the survival rate and incidence of HCC in patients with decompensated cirrhosis
in the antiviral era.

Research perspectives

We investigated the mortality rate and the incidence of decompensated
cirrhosis-associated complications and HCC in the antiviral era. We hope the
data suggested in this study would be helpful for the future study of comparing
antiviral agents.

Research objectives

The primary objective was mortality rate and the secondary objectives were the
incidence of decompensated cirrhosis-associated complications and HCC.
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Tarnawski AS. Editors’ questions to the readers
com/1007-9327/) but we would introduce them to each
or every second issue. The quiz could originate from
the current or archival issues of other BPG journals, but
the readers will be also welcome to submit a quiz with
detailed labeling, explanation, and answers.
(3) To re-introduce or restore for some issues the
cover page on which selected illustration and/or visual
abstracts from current articles will be presented (when
worthwhile) as well as the photos of the key authors of
frontiers and major editorial articles.
(4) New subsection - new hypotheses, new concepts
and revisiting old concepts in a short, commentary
format.
(5) Preview of the forthcoming WJG issue articles (title
and authors).
(6) Suggestions submitted by the readers - new
topics and initiatives after careful selection by the editors
for content that could improve the quality of the journal:
the readers, their voice, initiative, and suggestions are
very important and they count.
(7) Additional topic area - molecular basis of gastric/
liver diseases as an additional area for articles submitted
to the journal.
The above suggestions are for the sake of the
discussion and exchanging ideas, and naturally, not all
are doable at this time.
Thank you for your consideration.

TO THE EDITOR
In order to further enhance the scope of the World
Journal of Gastroenterology (WJG), to make it more
interactive, and to accommodate our readers’ interest,
we ask the readers for their input regarding potential new
proposed changes and new subsections listed below:
(1) New subsection - Selected highlights from other
related Baishideng Publishing Group (BPG) world series
journals (World Journal of Gastrointestinal Oncology,
World Journal of Gastrointestinal Endoscopy, World
Journal of Gastrointestinal Pathophysiology, World
Journal of Gastrointestinal Surgery, and others) notable,
important articles - title, authors, abstract and perhaps
one key figure; a maximum 2-3 per 1 WJG Issue. This
would provide not only a new information but also would
facilitate exposure of the WJG readers to important
papers in other BPG world series journals. The editors of
these other BPG journals would select the best papers.
(2) New subsection - challenging images of the
week - a quiz with an answer and references on another
page. Two to three images per issue - endoscopic,
computed tomography (CT)-scan, magnetic resonance
imaging (MRI), histology, etc. Some of the images can
be used from these other BPG journals. Some of the
examples are in the “Welcome to the World Journal of
Gastroenterology” sample issue (at https://www.wjgnet.
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