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EDITORIAL

Chronic hepatitis C, atherosclerosis and cardiovascular
disease: What impact of direct-acting antiviral treatments?
Luigi Elio Adinolfi, Luca Rinaldi, Riccardo Nevola
hepatic manifestations, among these there is an increased
risk of atherosclerosis and cardiovascular disease as well
as an increased cardiovascular mortality. Several direct
and indirect HCV pro-atherogenic mechanisms have been
proposed. HCV lives and replicates within carotid plaques,
promoting a local environment of pro-atherogenic factors.
In addition, it causes conditions such as insulin resistance,
diabetes, hepatic steatosis, cryoglobulinemia and endo
toxinemia that are associated with the development of
atherosclerosis and cardiovascular disease. Therapeutic
regimens based on direct-acting antiviral agents (DAA)
are currently available with high efficacy in HCV clea
rance and improvement of liver disease, but does HCV
eradication also improve atherosclerosis and the risk of
cardiovascular disease? Recently, a multi-center study
has shown that elimination of HCV improves carotid
atherosclerosis. Two studies have shown that DAA treat
ments significantly reduce the risk of cardiovascular
events. Several studies have assessed the impact of HCV
clearance on pro-atherosclerosis metabolic conditions
showing improvement in cardiovascular risk biomarkers,
disappearance or improvement of insulin resistance, re
duction of risk of developing diabetes and improvement
of glycemic control. There are also evidences that HCV
clearance promotes the recovery of cytokines and inflam
matory markers associated with atherosclerosis and the
disappearance of cryoglobulinemia. Available data show
that clearance of HCV by DAAs is associated with an
improvement in atherosclerosis and metabolic and im
munological conditions that promote the development
of cardiovascular disease. However, the data are not
sufficient to allow definitive conclusions and further
studies will be needed to definitively clarify the impact
of HCV clearance on atherosclerosis and cardiovascular
disease.
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Abstract

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

Hepatitis C virus (HCV) infection is associated with extra
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supporting the hypothesis that HCV plays a direct proatherogenic role by inducing arterial inflammation, likely
[3]
via the pro-inflammatory cytokine interleukin 1β .
Furthermore, HCV structural and non-structural proteins
play an important role in initiating and maintaining chro
nic inflammation and in generating oxidative stress,
[3]
which trigger atherogenesis . HCV also interferes with
glucose and lipid metabolism, leading to insulin resistance
(IR), diabetes and liver steatosis, which are known
[9]
factors that induce atherosclerosis . A high TNF-α/
adiponectin ratio was found in HCV-infected patients that
[10]
is related to the development of IR and atherosclerosis .
It has been reported that atherosclerosis in HCV patents
[11]
was also associated with advanced liver fibrosis .
Cryoglobulinemia occurs with high frequency in pa
tients with chronic HCV infection and the virus plays an
[12]
etiological and pathogenic role in its development . The
presence of cryoglobulinemia is associated with vasculitis
[13]
and cardiovascular events . Recently, it has been
shown that endotoxinemia induces a pro-atherogenic
inflammatory condition and an increase in oxidative
stress levels that contribute to the development of athero
[12]
sclerosis in chronic HCV patients .
In this complex scenario, a question arises: Can the
eradication of HCV improve atherosclerosis and reduce
the risk of cardiovascular disease?
Most of the available data on the impact of HCV
clearance on matter is derived from patient populations
[14-16]
receiving interferon (IFN)-based therapies
. The
data showed that HCV clearance by IFN reduced both
cardiovascular events and mortality, but these studies do
not allow to discriminate whether the effects observed
after sustained virological response (SVR) are a direct
consequence of the elimination of the virus, or an effect
of IFN, or associated with the selection bias of patients to
be treated with IFN.

Core tip: Chronic hepatitis C (HCV) infection is associated
with an increased risk of atherosclerosis, cardiovascular
disease and cardiovascular mortality. HCV lives within
carotid plaques, promotes pro-atherogenic conditions such
as pro-inflammatory cytokines, oxidative stress, insulin
resistance, diabetes, steatosis, cryoglobulinemia and
endotoxinemia. Direct-acting antiviral agents (DAA) are
highly effective and safe therapeutic regimens. There are
a number of studies showing that HCV clearance by DAAs
is associated with an improvement in atherosclerosis and
a reduced risk of cardiovascular events. In addition, HCV
clearance is associated with improvement of metabolic
and immunological conditions that promote cardiovascular
disease. Further studies will be needed to confirm these
promising data.
Adinolfi LE, Rinaldi L, Nevola R. Chronic hepatitis C,
atherosclerosis and cardiovascular disease: What impact of
direct-acting antiviral treatments? World J Gastroenterol 2018;
24(41): 4617-4621 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i41/4617.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4617

INTRODUCTION
The global prevalence of hepatitis C virus (HCV) infection
was estimated at 1% in 2015 and therefore around
71 million people worldwide are still considered to be
[1]
infected . Chronic HCV infection beyond the liver is a
systemic disease, so its clinical impact and prognosis
depend not only on the risk of complications and
deaths related to liver disease, but also on HCV-related
extrahepatic manifestations. Among the latter, HCV
infection was associated with an increased risk of subclinical atherosclerosis, myocardial injury, peripheral
artery disease, cerebro- and cardio-vascular events
[2,3]
and increased cardiovascular mortality . Two metaanalysis, although conducted on heterogeneity data,
confirm the overall negative impact of HCV infection on
cardiovascular changes and mortality, but suggest that
a better understanding of this potential association is still
[4-6]
needed .

DAA IMPACT ON HCV-RELATED
ATHEROSCLEROSIS
The mystifying aspects of IFN treatment should be
overcome by the recent introduction of regimens based
on direct-acting antiviral agents (DAAs) for the treatment
of HCV infection that have a short duration, are safe
and effective in 92%-98% of cases. DAAs, which have
no particular limitations to their use and are therefore
feasible for almost all patients with HCV infection regard
less of their stage of hepatic injury, have direct antiviral
mechanisms and do not directly interfere with other
conditions that potentially affect atherosclerosis and there
fore a positive impact would underline the role of the
virus on arteriosclerosis. These characteristics favor the
possibility of assessing whether the clearance of HCV can
reduce cardiovascular morbidity and mortality in patients
with chronic HCV infection. It is obvious that the followup time after treatment with SVR by DAAs is relatively
short to give definitive answers. Furthermore, few data
have been published in the field, although preliminary

HCV INDUCE THE DEVELOPMENT OF
ATHEROSCLEROSIS
Atherosclerosis is a chronic inflammatory disease and
the mechanisms by which HCV can induce or facilitate
the development of atherosclerosis are not fully under
stood. Chronic HCV infection causes hepatic and sys
[7]
temic inflammation and it has been hypothesized
that direct and indirect mechanisms can be involved in
the development of atherosclerosis via increased levels
[7]
of pro-atherogenic chemokines and cytokines and
[7]
inducing pro-atherogenic metabolic factors . HCV has
[8]
been shown to live and replicate within carotid plaques ,
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results seem to indicate a positive impact of HCV clea
rance on sub-clinical atherosclerosis, cardiovascular
events and pro-atherogenic conditions.
The most surprising and perhaps unexpected data
have been published recently and concern the direct
impact of HCV clearance by DAAs on sub-clinical athero
[17]
sclerosis . A multicenter Italian study of 182 con
secutive HCV patients with advanced fibrosis (F3) or com
pensated cirrhosis (66% of patients) evaluated the effect
of HCV clearance on subclinical carotid arteriosclerosis vs
an untreated control group. Carotid atherosclerosis was
evaluated using a high-resolution B-mode ultrasound with
a multifrequency linear probe. Carotid measurements
were performed at baseline, before initial treatment and
9-12 mo after withdrawal of DAA treatment. Fifty-six
percent of the patients were male, mean age 63 years,
obesity was present in 14%, hypertension in 42% and
type 2 diabetes in 20% of patients. The control group
showed similar characteristics. At baseline, carotid
atherosclerosis was found in 42.8% of patients and
the mean carotid thickness (IMT) was 0.94 mm. At the
end of follow-up, a significant decrease in carotid IMT
was observed (from 0.94 mm to 0.81 mm, P < 0.001),
while no effect was observed on carotid plaques. The
BMI of these patients did not change during follow-up,
while a significant increase in serum cholesterol levels
was observed. There were no significant changes in the
IMT in the control group. The results of the study have
shown that the eradication of HCV by DAA has led to an
improvement in carotid atherosclerosis and in particular
a significant reduction of the IMT. It is also important
to note that in patients with advanced atherosclerosis,
as evidenced by the presence of carotid plaques, the
clearance of HCV did not lead to significant changes in
plaque value. Results were also confirmed when patient
analysis was stratified by different cardiovascular risk
factors. This is an important study that demonstrates
how the clearance of HCV by DAA improves carotid
atherosclerosis in patients with advanced liver fibrosis,
but also emphasizes that patients with advanced athero
sclerosis do not benefit from this effect and therefore the
need for early treatment.
Because of the short period of time, there are few
published articles that assessed the impact of DAA on
[18,19]
[18]
cardiovascular outcome
. A large prospective study
evaluated the cardiovascular outcomes in a cohort of
patients with HCV infection with compensated cirrhosis
treated with IFN or DAAs. Data showed that patients with
SVR had a significant reduction in cardiovascular events,
although the data had not been analyzed for the type
of regimen used (IFN or DAAs). A second retrospective
[19]
study was published only in abstract form
and eva
luated a large real-world cohort of HCV-infected patients.
The authors assessed cardio and cerebro-vascular
events in patients treated or not treated with DAAs.
After adjustment for age, sex, cirrhosis of the liver, other
comorbidities and use of cardiovascular drugs, data
showed that DAA treatments significantly reduced the
risk of cardio- and cerebro-vascular events (cumulative
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HR: 0.86, 95%CI: 0.74-0.99) compared to untreated
patients.
These data, although preliminary, seem to confirm
the results reported in patients treated with IFN and
indicate a key role of HCV in the development of both
subclinical atherosclerosis and cardiovascular disease and
of a greater concern that the clearance of HCV is asso
ciated with an improvement of cardiovascular damage.
Several studies have assessed the impact of HCV
clearance by DAAs on metabolic conditions considered
[20-22]
pro-atherosclerosis
. A recent post-hoc analysis
was conducted using a large populations of patients
with chronic hepatitis C genotype 1 infection and
treated with DAA (3D) ± ribavirin (RBV) in order to
evaluate the impact of treatment on cardiovascular
and metabolic markers during a follow-up period of 52
[20]
wk post-treatment . Serum triglyceride and glucose
fasting levels were evaluated as markers, which are
known to be risk factors for coronary heart disease
associated with vascular complications and all-cause
[23-25]
long-term mortality
. The results of this analysis
showed that HCV patients treated with 3D ± RBV who
obtained SVR had a significant improvement, at least
for 1 year after treatment, of the studied cardiovascular
[20]
risk biomarkers . The authors suggest that treatment
with DAAs may lead to a possible beneficial effect on
cardiovascular outcomes.
A recent prospective study evaluated IR changes
three months after SVR from DAA treatments in nondiabetic patients with HCV genotype 1 infection and
[21]
advanced liver disease . Data showed that virus
eradication was associated with the disappearance or
significant reduction of IR in 76% of cases. Furthermore,
these patients also showed a significant improvement in
[21]
glucose metabolism . The results also demonstrated
that improvement in glucose metabolism was negligible
[21]
[22]
in patients with advanced cirrhosis . A large study
in the real world showed that SVR of DAAs is associated
with a significant reduction in the risk of developing
diabetes, in addition many studies have shown significant
improvement in glycemic control in type 2 diabetic
[22]
patients after HCV clearance by the DAAs .
Overall, the above data showing that clearance of
HCV by DAAs has a positive impact on pro-atherogenic
metabolic factors and appears to indicate that SVR
may have an effect in reducing the development of
atherosclerosis and cardiovascular disease.
In addition to the above data demonstrating that
the elimination of HCV from treatment with DAAs
has a direct impact on atherosclerosis and on the
metabolic conditions associated with atherosclerosis,
there are preliminary evidences that the elimination
of HCV by DAA induces a restoration of cytokines and
inflammatory markers implicated in the development of
[26,27]
atherosclerosis
, although the data seem to indicate
that this improvement was less sustained in HCV patients
with advanced liver disease. Furthermore, several studies
have shown that clearance of HCV by DAAs improves
or eliminates cryoglobulinemia and related vasculitis
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are needed to confirm that the elimination of HCV not
only leads to an improvement in liver disease, but also
has an important positive effect on an extrahepatic
manifestation of HCV which is atherosclerosis and con
sequent cardiovascular disease. In addition, future
studies should also evaluate whether short-term results
will be maintained over the long term, as some car
diovascular risk factors such as BMI and serum cho
[17,30]
lesterol tend to increase after HCV clearance
. In
view of the occurrence of these predisposing factors to
atherosclerosis, it might be useful to advise patients, who
recover from HCV infection, to control body weight by
avoiding its increase and by eating a low-fat diet.

DAAs
HCV
X

X
X
X
(X?) (?)
ProDiabetes OXS LPS inflammatory Cryoglobulins
cytokines
(X?) (?)
X
X
X
X
X

IR
X

X
Increased morbidity and
mortality for
cardiovascular diseases

Figure 1 Direct and indirect factors considered responsible for
development of atherosclerosis and cardiovascular disease in chronic
hepatitis C patients and the possible effect of hepatitis C virus clearance
by direct-acting antiviral agents on cardiovascular outcomes. DAAs:
Direct-acting antiviral agents; IR: Insulin resistance; OXS: Oxidative stress;
LPS: Lipopolysaccharide (endotoxinemia).
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Abstract
The chronic inflammatory process underlying inflammatory
bowel disease (IBD), comprising Crohn’s disease and
ulcerative colitis, derives from the interplay of several
components in a genetically susceptible host. These com
ponents include environmental elements and gut micro
biota a dysbiosis. For decades, immune abnormalities
have been investigated as critically important in IBD
pathogenesis, and attempts to develop effective therapies
have predominantly targeted the immune system.
Nevertheless, immune events represent only one of the
constituents contributing to IBD pathogenesis within the
context of the complex cellular and molecular network
underlying chronic intestinal inflammation. These fact
ors need to be appreciated within the milieu of nonimmune components. Damage-associated molecular
patterns (DAMPs), which are essentially endogenous
stress proteins expressed or released as a result of cell
or tissue damage, have been shown to act as direct proinflammatory mediators. Excessive or persistent signal
ling mediated by such molecules can underlie several
chronic inflammatory disorders, including IBD. The re
lease of endogenous DAMPs amplifies the inflammatory
response driven by immune and non-immune cells and
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promotes epigenetic reprogramming in IBD. The effects
determine pathologic changes, which may sustain chronic
intestinal inflammation and also underlie specific disease
phenotypes. In addition to highlighting the potential use
of DAMPs such as calprotectin as biomarkers, research
on DAMPs may reveal novel mechanistic associations in
IBD pathogenesis and is expected to uncover putative
therapeutic targets.

occurring in cell death results in the release of a multitude
of potentially pro-inflammatory endogenous molecules.
Damage-associated molecular patterns (DAMPs) are such
endogenous molecules released from cells in response to
endogenous or exogenous stimuli. DAMPs can function
as signalling mediators of stress responses and the
immune response via specific membrane or intracellular
[3,4]
receptors or after endocytic uptake . DAMPs may
originate from diverse cellular compartments, including
the cytosol, nucleus, and mitochondria, and also from
[5]
tissue components such as the extracellular matrix .
Evidence accumulated in the last decade indicates
that abnormal signalling through receptors associated
[6-8]
with DAMPs occurs in several diseases . Such findings
have attracted attention regarding the potential role of
[9-12]
DAMPs in both IBD pathogenesis and clinical practice
.
Here, we review mechanisms involving DAMPs in
chronic intestinal inflammation and the potential use
of DAMPs as biomarkers. Promising novel therapeutic
targets for IBD are also discussed.

Key words: Damage-associated molecular patterns;
Environmental factors; Epigenetics; Inflammatory bowel
disease; Therapeutic targets
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Damage-associated molecular patterns (DAMPs)
are basically endogenous stress molecules expressed or
released as a consequence of cell or tissue damage. The
release of endogenous DAMPs precipitates a secondary
inflammatory response in inflammatory bowel disease
(IBD), which may determine a self-sustaining chronic
inflammatory process. DAMPs amplify the inflammatory
response driven by immune and non-immune cells and
promote several pathologic changes, which may be as
sociated with specific disease phenotypes. Excessive
or persistent DAMP-mediated signalling can result in
epigenetic modifications, which may sustain chronic in
flammation and also characterize IBD phenotypes. Preli
minary studies targeting DAMPs have shown promising
beneficial therapeutic effects both in human and ex
perimental IBD.

DAMPS AND THE INFLAMMATORY
RESPONSE
The human body harbours an efficient defence system
against potentially harmful elements in the environment.
This protective mechanism is composed of several
components, including cells programmed to combat
exogenous elements utilizing a complex immunological
system that consists of innate and adaptive responses.
Cells of the innate immune system respond to a variety
of molecules from different microorganisms known
as pathogen-associated molecular patterns (PAMPs).
Nevertheless, infectious and non-infectious challenges
invariably result in host tissue damage, which directs the
release of components normally found in intracellular
compartments. Several molecules released into the
extracellular milieu by damaged cells have been termed
[13,14]
DAMPs
.
DAMPs comprise various endogenous molecules that
are capable of activating pattern recognition receptors
(PRRs). DAMPs may be released after plasma membrane
disruption secondary to several forms of cell death or
may be actively secreted via non-classical pathways by
[15]
cells under stress . In addition to the ubiquitous origin
of DAMPs, such as intracellular proteins and purinergic
molecules in distinct sub-cellular compartments, DAMPs
[5]
may also be derived from the extracellular matrix .
Although DAMPs are not recognized by the innate
immune system under physiological conditions, extra
cellularly released DAMPs signal danger upon tissue
damage and induce both inflammatory and repair pro
[14]
cesses . However, within the context of significant
tissue injury, the persistent release of DAMPs may fuel a
stress-inflammation amplification loop that underlies the
pathogenesis of several chronic inflammatory disorders.
PRRs can be activated by DAMPs within the scenario
of “sterile inflammation”, in which tissue damage occurs

Nanini HF, Bernardazzi C, Castro F, de Souza HSP. Damageassociated molecular patterns in inflammatory bowel disease:
From biomarkers to therapeutic targets. World J Gastroenterol
2018; 24(41): 4622-4634 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i41/4622.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4622

INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), constitutes a
chronic inflammatory condition that primarily affects
the gastrointestinal tract. Although the aetiology of IBD
remains largely unclear, evidence to date supports a
[1,2]
multifactorial background . From a clinical perspective,
IBD has been considered to be a heterogeneous con
dition, with a wide range of clinical manifestations that
usually change throughout the course of the disease.
Despite the remarkable accumulation of knowledge regar
ding disease mechanisms in the last decades, therapeutic
options are still relatively scarce. Moreover, defining the
best treatment for individual patients remains a chal
lenge.
Within the context of chronic inflammation, particu
larly when severe injury ensues, the tissue damage
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Figure 1 Participation of pathogen-associated molecular patterns and damage-associated molecular patterns in the induction of inflammatory responses
in the intestinal mucosa. Pathogens such as viruses, bacteria and fungi present pathogen-associated molecular patterns that are able to stimulate cellular receptors
such as toll-like receptors and nucleotide-binding and oligomerization domain-like receptors to promote the production of proinflammatory cytokines and recruitment
of inflammatory cells. Upon tissue damage, injured cells release molecules known as damage-associated molecular patterns into the extracellular milieu to further
stimulate and amplify the inflammatory response. TLR: Toll-like receptor; NLR: NOD-like receptor; IL: Interleukin; ATP: Adenosine triphosphate; DAMPs: Damageassociated molecular patterns; HMGB: High mobility group box; LPS: Lipopolysaccharide; PAMPs: Pathogen-associated molecular patterns.
[16,17]

in the absence of invasive microorganisms
. PRRs
comprise several cell surface or endosomal receptors of
four major types: Toll-like receptors (TLRs); cytoplasmic
nucleotide-binding and oligomerization domain (NOD)like receptors (NLRs) and inflammasomes; RIG-like
[18]
receptors (RLRs); and C-type lectin receptors (CLRs) .
Although the precise mechanisms underlying the inter
action between DAMPs and PRRs have yet to be clarified,
it is interesting to note that regardless of their structural
diversity, DAMPs and PAMPs are frequently recognized
by the same receptors. After detecting PAMPs or DAMPs,
PRRs activate intracellular signalling pathways, resulting
in upregulation of pro-inflammatory genes and stimu
lation of mechanisms involved in the inflammatory re
[19]
sponse as well as antimicrobial actions (Figure 1).
The pathways associated with NLR activation are
poorly understood and remain under investigation. Never
theless, two distinct mechanisms have been proposed:
direct binding and indirect binding of PAMPs and DAMPs
to receptors. These mechanisms are based on three
models. The most studied model involves activation
of the NLRP3 inflammasome, whereby the purinergic
P2X7 receptor is stimulated by adenosine triphosphate
+
(ATP), which triggers K efflux and opening of the
pannexin-1 pore. This allows passage of the NLRP3 ago
nist into the cytosol, leading to the direct activation of
[20]
NLRP3
(Figure 2). The second model relates to the
observation that crystalline and particulate structures can
be phagocytosed and released into the cytosol following

WJG|www.wjgnet.com

damage to the phagolysosome, thus directly activating
NLRP3. The third model proposes that DAMPs and PAMPs
induce production of reactive oxygen species (ROS),
[21]
indirectly activating the inflammasome .
Overexpression of interleukin (IL)-1β and IL-18,
as well as IL-18 and NLRP3 polymorphisms described
in patients with CD, also supports the involvement of
[22-24]
inflammasomes in IBD
. Studies using experimental
models typically corroborate these findings. For instance,
NLRP6-deficient mice develop spontaneous intestinal
hyperplasia and show inflammatory cell recruitment
[25]
and exacerbation of chemically induced colitis . NLRP6
is highly expressed in the intestine; by preserving the
integrity of the intestinal epithelial barrier, NLRP6 exhibits
protective effects against the development of intestinal
[26,27]
inflammation
. In accordance with these findings,
most studies have reported that NLRP3-deficient
[28,29]
mice are more likely to develop colitis
. However,
another independent study has shown opposing results,
suggesting a protective effect of NLRP3 deficiency against
[30]
chemically induced colitis . Independent of the exact
role of the NLRP3 inflammasome in experimental colitis,
the fact that NLRP3-, ASC-, and caspase-1-deficient
mice do not develop colitis in the absence of chemical
stimuli indicates that inflammasome impairment alone
[31]
does not lead to intestinal inflammation . Regardless,
these data support the importance of PRR function in
maintaining intestinal homeostasis and highlight the role
of intracellular signalling via DAMPs in the pathogenesis
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Figure 2 Intracellular signalling via damage-associated molecular patterns. Multiple mediators released by dying or stressed cells provide a secondary signal
to amplify immune and inflammatory responses. Damage-associated molecular patterns (DAMPs) can activate proteins such as the purinergic receptor P2X7. P2X7
is capable of activating pannexin-1, a membrane channel involved in activation of the multiprotein inflammasome complex, promoting the inflammatory response.
Immunological memory may develop via epigenetic reprogramming after exposure to pathogen-associated molecular patterns or DAMPs. This functional adaptation
of the immune system may directly exacerbate inflammatory responses upon subsequent challenges. TLR: Toll-like receptor; NLR: NOD-like receptor; IL: Interleukin;
NFκB: Nuclear factor kappa B; MAPK: Mitogen-activated protein kinase; PAMPs: Pathogen-associated molecular patterns.
[33-35]

of intestinal inflammation.

agent
. During the inflammatory response, cells of
the innate immune system release their intracellular
contents into the extracellular milieu in a degranulation
process; this results in increased concentrations of cal
protectin at various body sites, including the intestinal
[36]
lumen, and in faeces . As a non-invasive tool to aid
in the detection of intestinal inflammation, faecal cal
protectin (FC) levels can be measured using enzymelinked immunosorbent assays (ELISAs) or, more re
cently, a home-use kit associated with a smartphone
[37]
application . Such measurement has a relatively good
correlation with clinical and endoscopic results in patients
[38]
with UC and in those with CD, for which FC has also
[39]
been used to monitor the risk of disease relapse .

DAMPS IMPLICATED IN INTESTINAL
INFLAMMATION
Several studies have contributed to our understanding of
the role of DAMPs in IBD. DAMPs are currently thought to
contribute to the development of intestinal inflammation,
particularly via activation of lamina propria cells, which
[32]
are directly involved in innate immunity . In fact, se
veral types of molecules identified as being involved
during the course of IBD, such as calprotectin, lactoferrin,
calreticulin, high-mobility group box 1 (HMGB1), ATP,
IL-1α, IL-33, and fragments of the extracellular matrix,
[5]
are considered DAMPs (Figure 1). Below, we attempt
to delineate the role of DAMPs in the pathogenesis of
IBD by highlighting certain molecules and their potential
importance as biomarkers of inflammatory activity and
as therapeutic targets.

Lactoferrin

Lactoferrin, which binds iron, is an indicator of neutrophil
[40]
degranulation and acts as an alarmin . Because lac
toferrin is relatively resistant to degradation and pro
teolysis, it can be measured in stool and serve as a
biomarker of intestinal inflammation. Thus, lactoferrin
has been utilised to differentiate functional diseases from
IBD. However, similar to calprotectin, lactoferrin has been
most highly correlated with colonic inflammation, as op
[41]
posed to ileal activity .

Calprotectin

Calprotectin, a calcium-binding protein belonging to
the S100 family, is basically composed of S100A8 and
S100A9 heterodimers. The S100 family comprises more
than 20 members with multiple functions, with calpro
tectin typically being associated with intestinal inflam
mation. Calprotectin, which is also known as Mrp8/14,
calgranulin A/B, and cystic fibrosis antigen, is commonly
found in cells of the immune system, mainly in neu
trophils but also in reactive monocytes and macrophages.
This protein potentially functions as an antimicrobial
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Calreticulin

Calreticulin (CRT) is a calcium-binding protein and an
endoplasmic reticulum (ER)-resident lectin-like chaperone
[42]
that is induced by ER stress . In addition, CRT has been
shown to induce ER stress accompanied by a significant
[43]
increase in proteasome activity . Recently, CRT has
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[57]

been recognized as a potent DAMP capable of influencing
homeostasis through immune regulation. In this regard,
new evidence has indicated that CRT can translocate
to the cell surface and serve as a signal for immune[44]
mediated cell death . Moreover, a significant decrease
in the basal transcriptional activity of nuclear factor kappa
B (NF-κB) has been observed in CRT-deficient cells. In an
experimental model of inflammation, the tubular epithe
lial cells of rats subjected to unilateral ureteric obstruction
[45]
showed an upregulation of CRT .

chemotaxis and inflammation ; therefore, pIL-1α
functions as a DAMP. In fact, in the extracellular milieu,
IL-1α appears to induce a pro-inflammatory response
[58]
via binding with IL-1R1 .
With regard to chronic intestinal inflammation, high
levels of IL-1α have been detected in lamina propria
[59]
mononuclear cells from patients with IBD and in super
natants of colonic explant cultures from CD or UC pa
[11]
tients . In experimental colitis, release of IL-1α from da
maged intestinal epithelial cells has been associated with
[60]
the initiation and propagation of colonic inflammation .
IL-1α has also been shown to amplify gut inflammation
in experimental colitis by inducing cytokine production in
[61]
mesenchymal cells .

HMGB1

In contrast to cellular components and endogenous
DAMPs such as DNA, RNA, and ATP, another subset of
intracellular proteins released from necrotic cells also
appears to participate in sterile inflammatory processes.
These proteins, including members of the IL-1 family
such as IL-1α, IL-33, and HMGB1, are characteristically
bifunctional, acting as cytokines and performing yet[46]
unclear nuclear functions . In contrast to the signalling
mediated by DAMPs, which are usually recognized by
PAMP receptors such as TLRs, activation of the HMGB1
signalling pathway occurs through interaction with several
cell surface receptors. As a result, HMGB1 exerts effects
on a multitude of processes, including cell proliferation,
[47,48]
survival and death, as well as inflammation
.
HMGB1 is a DNA-binding protein that may be trans
located to the cytoplasm when cellular stress occurs.
During chronic inflammatory processes, high rates of
cellular necrosis result in the abundant release of HMGB1
into the extracellular milieu. As a consequence, extra
cellular HMGB1 participates in the induction of intestinal
[49]
epithelial cell autophagy , increased expression of
adhesion molecules, and secretion of proinflammatory
[50,51]
cytokines and chemokines
.
HMGB1 levels have been shown to be elevated in the
[52]
dextran sodium sulphate (DSS)-induced colitis model .
In addition, genetically modified HMGB1-deficient mice
fl/fl
(Vil-Cre Hmgb1 ) had more apoptosis of intestinal cells
[53]
following induction of colitis with DSS .

IL-33

IL-33 is a member of the IL-1 cytokine family that is pre
dominantly expressed in stromal cells and in the epithe
[62]
lium lining surfaces in contact with the environment .
Primarily is described as a proinflammatory cytokine
that induces the Th2 immune response and is involved
in defence against parasitic infections. IL-33 has also
been proposed as an inducer of Th1 cells, group 2
innate lymphoid cells, regulatory T (Treg) cells, and
+
[63]
CD8 T cells . In addition, IL-33 may act as a signalling
molecule that alerts the immune system to danger
[64]
or tissue damage . IL-33 localises to the nucleus;
however, once released into the extracellular milieu upon
membrane disruption, it may act as a dual-function
[65]
alarmin, similar to HMGB1 and IL-1 alpha .
IL-33/ST2 signalling in the gut has been implicated
in the pathogenesis of inflammatory processes. In fact,
abnormal expression of IL-33/ST2 has been detected
in the inflamed mucosa of patients with IBD, as well as
[66]
in experimental models of chemically induced colitis .
Because a predominant Th2 immune response underlies
UC pathogenesis, several studies have attempted to
investigate the role of IL-33 in this specific condition. For
example, investigators found a significant increase in
mucosal IL-33 mRNA expression in patients with active
UC compared to healthy controls. Moreover, a significant
reduction in IL-33 was detected after anti-TNF therapy,
thus supporting the notion that enterocyte-derived IL-33
[67]
is induced and maintained by the inflammatory milieu .

IL-1α

IL-1α is an IL-1 family member synthesized as a pre
cursor protein (pIL-1α) with a molecular weight of appro
ximately 31 kDa that may be cleaved into mature 17-kDa
forms. The two forms are biologically active and serve
[54]
as ligands for the receptor IL-1R1 . These proteins are
constitutively expressed in different immune cells as
[55]
well as in intestinal epithelial cells . IL-1α expression
is upregulated in response to growth factors or to proinflammatory or stressful stimuli; the molecule then is
translocated from the cytosol to the nucleus, where it
[54]
acts as a pro-inflammatory transcription factor . For
example, upon stimulation with lipopolysaccharide (LPS)
or tumor necrosis factor alpha (TNFα), IL-1α translocates
to the nucleus to promote expression of inflammatory
[56]
genes, including IL-8 and IL-6 . However, cells under
going necrosis can release pIL-1α, which results in cell
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ATP

Under normal conditions, nucleotides such as ATP are
present in high concentrations intracellularly. However,
upon stimulation by different stresses such as necrosis,
apoptosis, hypoxia, or pathogen invasion, cells may
release nucleotides into the extracellular milieu. ATP
in the extracellular environment is thought to act as a
messenger and behave as a danger signal capable of
[68]
modulating immunity and inflammation via activation
of transmembrane receptors known as P2 receptors.
The family of P2 receptors comprises P2Y (G-coupled
[69]
proteins) and P2X (ionic channels) . Among all P2
family members, P2X7 receptors, which are expressed
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Table 1 Findings on the role of damage-associated molecular patterns in human and experimental inflammatory bowel diseases
DAMP
Calprotectin
Lactoferrin
Calreticulin
HMGB1
IL-1 alpha
IL-33

Human IBD

Experimental IBD

Increased levels in the intestinal lumen and stools in both UC and
CD[36,38,39]
Mostly correlates with colonic inflammation[41]
Related to inflammatory activity[44]
Increased levels in the stools of both adult and paediatric IBD
patients[113]
Increased levels in the lamina propria of both UC and CD[59]

-

Increased levels in the inflamed intestinal mucosa of IBD patients,
especially in UC[66,67]
Overexpressed in IBD patients, particularly in CD[74]

ATP-P2X7

S 100 proteins
HSPs
Galectins
Hyaluronan

Increased faecal[95-98], mucosal[99], and serum[99-101] levels
Increased levels[102-105]
Increased serum levels in UC and CD[107]
ECM components accumulate in the colon of IBD patients[82],
particularly in UC[115]

Beneficial therapeutic effects in colitis models[93,94]
Increased levels in DSS-induced colitis mice[52]
Associated with colonic inflammation initiation and
amplification[60,61]
Increased levels in chemically induced colitis[66]; beneficial effects
upon ST2 blockage[121]
Increases intestinal inflammation in chemically induced colitis[75];
P2X7-deficient mice essentially do not develop intestinal
inflammation[74]
Beneficial therapeutic effects in colitis models[106]
Galectins 1 and 2 show anti-inflammatory action[108,109]
Galectin 4: Antibody blockage reduces inflammation[110]
ECM components accumulate in experimental colitis tissues[83]

DAMPs: Damage-associated molecular patterns; IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; HSPs: Heat shock proteins;
ECM: Extracellular matrix; IL: Interleukin; HMGB1: High-mobility group box 1.

Hyaluronan, a non-sulphated glycosaminoglycan
that interacts with different proteins, including ECM com
[80]
ponents and membrane receptors , has been shown
to induce leukocyte recruitment in the extravascular
[81]
space within the context of intestinal injury . In fact,
hyaluronan accumulates in the vicinity of infiltrating
[82]
leukocytes in the colon, both in human IBD
and in
[83]
experimental colitis tissues . Under normal conditions,
hyaluronan exists as a high molecular weight molecule
[84]
that may function as an anti-angiogenic factor , pre
vent immune cell recognition, and block phagocytosis
[85,86]
by macrophages
. In addition, high molecular weight
[87]
hyaluronan prevents T cell-mediated liver injury
and
promotes the persistence of tolerogenic regulatory T
[88]
cells in experimental models.
Conversely, hyaluronan displays an altered distri
bution in inflammatory settings and consists of a variety
[89,90]
of polymers with different lengths and functions
.
Small fragments resulting from hyaluronan degradation
have been implicated in activation of the innate immune
response via TLR2, whereas the intact hyaluronan mo
lecule is capable of inhibiting activation of the same
[91]
receptor . In another study, investigators observed
that fibroblasts from CD patients produce high levels
of KIAA1199, a protein responsible for excessive hyalu
ronan degradation, which leads to the generation of proinflammatory fragments, potentially enhancing inflam
[92]
mation .
Table 1 summarises information on specific disease
phenotypes and also presents details on human and
experimental studies.

on different cell types such as monocytes, macrophages,
dendritic cells, lymphocytes, neurons, fibroblasts, and
[70]
epithelial cells, have been studied the most .
Upon activation, ATP-P2X7 signalling promotes the
release of pro-inflammatory cytokines such as IL-1β and
[71]
IL-18 , stimulates free radical production, and parti
[69]
cipates in cell cycle regulation and apoptosis induction .
We previously showed that the P2X7 receptor is posi
tively modulated by IFN-gamma in intestinal epithelial
[72]
cells
and that its activation induces apoptosis and
[73]
autophagy via ROS production . With regard to
human IBD, we showed that P2X7 receptors are over
expressed in inflamed colonic mucosa, particularly in
[74]
CD patients . Moreover, we demonstrated that P2X7
receptors promote intestinal inflammation by triggering
[75]
the death of mucosal regulatory T cells . In addition,
we found that systemic blockade of P2X7 receptors
prevents the development of chemically induced colitis in
[76]
rats , whereas P2X7-deficient mice essentially do not
[74]
develop intestinal inflammation . Taken together, these
findings strongly support a role for ATP-P2X7 signalling
in the pathogenesis of IBD and may offer avenues for
the development of inflammatory biomarkers and new
therapeutic options.

Extracellular matrix components and hyaluronan

The extracellular matrix (ECM) comprises a complex
and dynamic non-cellular network that is present within
all tissues. The ECM provides the architectural structure
for cellular components and a microenvironment for
the chemical and mechanical interactions necessary for
tissue homeostasis. Although the ECM basically consists
of water, proteins and polysaccharides, its composition
[77]
is tissue specific . Proteoglycans permeate most of
[78]
the interstitial space within a tissue , and in the gas
trointestinal tract, hyaluronan is a highly prevalent proteo
[79]
glycan component of the ECM .
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DAMPS AND EPIGENETIC
REPROGRAMMING
Recent progress in epigenetics has suggested that ge
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[125]

nome modifications may be more dynamic than pre
viously thought. For instance, immune cells, including
monocytes and macrophages, and epithelial cells are
known to promote an inflammatory response upon
LPS stimulation. This phenomenon involves the repro
gramming of cell-specific gene expression, which can
occur through different mechanisms, including epigenetic
[111,112]
modifications
. Nevertheless, in the case of LPS,
epigenetic modifications are likely not exclusively asso
ciated with the acute response but also may be asso
ciated with the establishment of epigenetic memory,
thus impacting the future response mediated by expo
[113]
sure to new microorganisms . In parallel, tissue da
mage per se is known to induce a local inflammatory
response, which may be followed by subsequent
regenerative processes involving macrophages and
[114]
other immune cells as well as non-immune cells . In
such circumstances, similar to the events that follow
[115]
microbial stimulation
, cells of the innate immune
system develop immunological memory via epigenetic
reprogramming after exposure to non-microbial li
[116]
gands
. This functional adaptation of the immune
system may direct exacerbated inflammatory responses
upon subsequent challenges and may explain the longterm reprogramming of inflammatory genes induced by
[117]
endogenous DAMPs
(Figure 2).
Atherosclerosis, a fundamental mechanism under
lying most cardiovascular diseases and progressively
recognized as an inflammatory disorder, is one
ubiquitous example of epigenetic reprogramming.
Indeed, the inflammatory nature of atheromatous
plaques comprises interaction between elements such
as modified low-density oxidized lipoproteins func
tioning as DAMPs and macrophage foam cells filled
with cholesterol droplets; these foam cells produce
chemokines that attract additional circulating leucocytes
[118]
to atherosclerotic plaques . Evidence for an epigenetic
background underlying the atherogenic phenotype
has been demonstrated by the observation that macro
phages trained by exposure to beta-glucan display
transcriptional activation at several loci encoding both
inflammatory mediators and genes directly associated
with basic metabolic processes in the development of
[119]
atherogenesis . In fact, the hypothesis that trained
monocytes/macrophages may become pro-atherogenic
has been further confirmed by the demonstration that
oxidized LDL can train primary human monocytes to
upregulate expression of proinflammatory cytokines,
[120]
PRRs and LDL receptors .
Due to their wide range of participation in several
disorders that directly or indirectly involve the immune
+
system, regulatory T cells (Tregs), a subset of CD4 T
cells that play a fundamental role in peripheral immune
tolerance, continue to attract attention. New progress in
this field points to potential Treg immune plasticity and
[121-123]
regulation by receptors for PAMPs and DAMPs
as
well as to the epigenetic regulation of Treg phenotypes
[124]
and functions
. In light of these relatively novel
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findings, Yang et al
proposed an innovative concept
in which Tregs might be subjected to re-shaping from a
physiological phenotype into a pathological phenotype
within the setting of diverse pathological conditions.
Based on a similar line of evidence, macrophages are
known to polarize into distinct phenotypes in vitro upon
exposure to different stimuli; in vivo, these cells respond
to signals, including PAMPs and DAMPs, that control
[126,127]
their homeostatic functions
. Recently, polarization
of macrophages in response to complex tissue damage
and wound repair signals has been associated with
expression of Rev-erb nuclear receptors. Interestingly,
Rev-erbs repress subsets of genes activated by TLR
ligands, IL-4, TGF beta, and DAMPs. Thus, Rev-erbs have
been postulated to function as key molecules integrating
signalling pathways involved in tissue injury to promote a
[128]
wound repair phenotype .
The recent discovery that CRT possesses transace
tylase activity, which is involved in a critical post-trans
lational modification capable of shaping epigenetic regu
lation and signal transduction, suggests additional roles
for CRT in diseases involving immune regulation. In this
sense, CRT can also be considered a potential target for
the development of anti-inflammatory therapies based
on semi-synthetic acetyl donors such as polyphenolic
[129]
acetates and related agents .
The above considerations represent a first attempt to
relate the ability of endogenous signals such as DAMPs
to promote trained immunity to IBD, offering a new prin
ciple for understanding the chronic and persistent nature
of the inflammatory process that occurs in IBD. In the
near future, the detailed epigenetic scenario in each
IBD phenotype may become even more relevant, thus
allowing for new therapeutic approaches directed towards
the mediators or enzymes involved in the induction of
relevant epigenetic modifications.

DAMPS AS BIOMARKERS AND
THERAPEUTIC TARGETS
In light of the inconsistency among the currently avai
lable tests and the cost and potential risks of invasive
procedures, contributing to a scenario of remarkable
clinical variability, biomarkers of gut inflammation in IBD
have been persistently investigated in recent decades. In
addition, the fluctuating course of IBD creates a demand
for more precise predictors of clinical outcomes to inform
therapeutic decisions. In particular, the quantification of
inflammatory activity, identification of specific disease
behaviours, and prediction of responses and adverse ef
fects due to a certain medication appear critical for the
appropriate management of IBD.
Currently, FC and lactoferrin have been utilized as indi
cators of intestinal mucosal inflammation; together with
other clinical and imaging approaches, these indicators,
despite their limitations, contribute to the diagnosis
[130]
and follow-up of patients with IBD . Nonetheless, se
veral other DAMPs have been proposed as promising
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biomarkers for IBD .
Among IL-1 family proteins, HMGB1 released fol
lowing cellular necrosis has been detected in chronically
inflamed intestinal tissues and found abundantly in the
[131]
stool of both adult and paediatric patients . Notably,
faecal HMGB1 has been supported as a reliable biomarker
of intestinal inflammation; it significantly correlates with
FC and may identify histological inflammation in IBD
[132]
patients in clinical and endoscopic remission .
Another IL-1 family member, IL-1α, has been de
tected in the supernatants of intestinal explant cultures
[11]
from patients with IBD . IL-33, another member of the
IL-1 family, is also released in the extracellular milieu
upon cell or tissue damage, and it has been detected in
[66]
the inflamed mucosa of IBD patients .
Because CRT is involved in processes related to
inflammatory activity and translocates to the cell sur
face and signals immune-mediated cell death, CRT is
[44]
both a DAMP
and a potential biomarker. In another
category of DAMPs, a positive correlation between high
concentrations of serum-derived hyaluronan-associated
protein and intestinal inflammation has been found in
intestinal samples and serum from experimental colitis
models and patients with IBD, particularly those with
[133]
UC . Therefore, hyaluronan and possibly other ECM
components are emerging as relevant DAMPs in intestinal
inflammation and potential new biomarkers for IBD.
Considering the relatively disappointing results of
current IBD therapies, one of the limitations of orthodox
drug development is the lack of consideration of crucial
[134,135]
aspects already known about IBD pathogenesis
. In
this regard, DAMPs constitute interesting, underexplored
factors, even though they are not the primary causative
agents of IBD. Regardless, targeting DAMPs as a
novel therapeutic approach for IBD appears to be an
arduous but fascinating task. As such, current strategies
propose to block the release of DAMPs, to inhibit their
downstream signalling pathways, or to interfere with
factors that may modulate the pathogenicity of the
[5]
molecules involved .
Data regarding strategies targeting DAMPs for the
treatment of inflammatory disorders are fundamentally
based on results from in vitro studies and those involving
experimental models. For example, tubular epithelial
cells have been shown to overexpress CRT in a model of
[45]
ureteral obstruction , and the association of CRT with
renal fibrosis progression based on in vitro and in vivo
approaches appears to implicate CRT in the molecular
[136]
mechanisms that drive renal fibrosis progression
.
Together, these studies suggest that CRT may become
a new therapeutic target for fibrosis in chronic inflam
matory disorders.
In chemically induced experimental colitis, HMGB1
targeting via either neutralizing antibodies or small
[137,138]
molecules has been successful
. In addition, bloc
kade of receptor for advanced glycation end products
(RAGE), which is a receptor for multiple DAMPs, virtually
suppresses inflammation in genetically predisposed IL[139]
10-deficient mice, i.e., a model of colitis . Mitochondrial
DNA (mtDNA), which shares many similarities with
WJG|www.wjgnet.com

immunogenic bacterial DNA and is also recognized as
a DAMP, is increased in the plasma of patients with UC
and CD, and levels were significantly correlated with
inflammatory mediators and endoscopic evidence of
inflammation. Therefore, the investigators proposed
that mtDNA may become a new biomarker for disease
activity and that mtDNA-TLR9 may be a new therapeutic
[140]
target in IBD .
With regard to IL-33, blockade of ST2 is reportedly
beneficial in experimental models of chemically induced
[141]
colitis . From a clinical perspective, while the therapeutic
success observed in animal studies targeting IL-33 ST2
may foster future trials directed towards IBD, specifically
for patients with UC, and human studies have shown
that loss of IL-33 expression in colonic crypts may be a
[67]
useful marker of disease remission in UC . Although the
exact pathophysiologic importance of these findings has
yet to be established, evidence supports dichotomous
functions for the IL-33/ST2 pathway in IBD: The ability
to enhance Th2 and Th17 responses in gut-associated
lymphoid tissues while also stimulating mucosal healing
following inflammatory tissue damage.
Recently, in the first phase Ⅱa study designed to
assess the efficacy and safety of AZD9056, a selective
orally active inhibitor of the purinergic receptor P2X7, for
CD, investigators showed a beneficial risk profile with
improvement of symptoms in patients with moderate-tosevere disease. However, changes in inflammatory bio
[142]
markers among patients with CD were not detected .
Although the beneficial effects observed in that study
will likely prompt the development of new trials for CD,
some specific points concerning the therapeutic use of
P2X7 antagonists are noteworthy. Based on our previous
experience with P2X7 blockade in experimental colitis,
[75]
purinergic activation induces the death of Tregs , and
the beneficial therapeutic effect is characteristically
associated with prophylactic treatment, particularly
[76]
when administered systemically . Such discrepancies
might be related to the specific actions of the ATP-P2X7
pathway during the course of the inflammatory process
and also to the effects of purinergic signalling in epithelial
versus immune cells of the intestinal mucosa.
Hyaluronan accumulation in the intestine of patients
[82]
undergoing IBD flares
and excessive production of
ECM fragments, especially smaller polymers, are likely
[92]
to fuel chronic inflammatory conditions such as IBD .
Nevertheless, it is interesting to note that some DAMPs
may have a dual role in innate immune defence. In the
case of hyaluronan, it has been demonstrated that large
molecules may provide protective effects mediated by
[143]
CD44 and TLR4 in experimental IBD . Furthermore,
these molecules may act in host defence at the epithelial
cell surface, thus promoting antimicrobial peptide pro
duction and improving regulation of the tight junction
[144]
barrier in the gut .

CONCLUSION
In recent years, considerable advances have been ach
ieved with regard to the pathogenic mechanisms in IBD.
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However, a complete understanding of IBD pathogenesis
will likely depend on more precise recognition and
assimilation of the molecular and environmental cons
tituents and the mechanisms by which they interact.
In addition to potential use as practical biomarkers,
proinflammatory activities and emerging roles in chronic
inflammatory processes, including the ability to induce
epigenetic modifications, DAMPs remain interesting
targets for new discoveries about and innovative
therapies for IBD.
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Abstract
Esophageal cancer (EC) presents a high mortality rate,
mainly due to its aggressive nature. Squamous cell
carcinoma is the most common histological type world
wide, though, a continuous increase in esophageal
adenocarcinomas has been noted in the past decades.
Common risk factors associated with EC include smoking,
alcohol consumption, gastroesophageal reflux disease,
Barrett’s esophagus and obesity. In an effort to overcome
chemotherapy resistance in oncology, it was discovered
that histone acetylation/deacetylation equilibrium is
altered in carcinogenesis, leading to changes in chromatin
structure and altering expression of genes important in
the cell cycle, differentiation and apoptosis. Based on
this knowledge, histone acetylation was addressed as
a potential novel chemotherapy drug target to repress
cancer cell proliferation. There are four classes of histone
deacetylases (HDACs) inhibitors with a variety of different
mechanisms of actions that render them possible anticancer drugs. They arrest the cell cycle, inhibit differen
tiation and angiogenesis and induce apoptosis. They
do not necessarily act on histone proteins, since they
can also exert indirect anti-cancer effects, by modifying
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various cellular proteins. In addition, HDACs have also
been associated with increased chemotherapy resistance.
Based on the literature, HDACs have been associated
with EC, with surveys revealing that increased expression
of certain HDACs correlates with advanced TNM stages,
tumor grade, metastatic potential and decreased 5-year
overall and disease-free survival. The aim of this survey
is to elucidate the molecular identity and mechanism of
action of HDAC inhibitors as well as verify their potential
utility as anti-cancer agents in esophageal cancer.

gastroesophageal reflux disease, Barrett’s esophagus
[3]
and obesity being implicated in adenocarcinomas .
Well defined molecular pathways and targets involved
in esophageal carcinogenesis include tissue inhibitors
of metalloproteinase (TIMP) 3 and 4 and vascular endo
thelial growth factor receptor (VEGFR). Expression of
human epidermal growth factor receptor 2 (HER2)/neu
and c-kit is also high in EC, with slightly higher rates of
[4]
expression in adenocarcinomas rather than SCCs .
During the last decades there has been a lot of effort
in overcoming chemotherapy resistance in tumor cells.
This has led to the investigation of more cellular com
pounds implicated in gene expression and transcription
processes. Among the findings, it was discovered that
histone acetylation/deacetylation equilibrium is affected
in carcinogenesis, leading to modified chromatin struc
[5]
ture and therefore changes in gene expression . It is
common knowledge that in eukaryotic cells, DNA is
tightly developed around a histone core, forming the
nucleosome, which is the basic DNA structure. Further
coiling of the nucleosomes leads to the formation of the
chromosomes. Histone can undergo various alterations
including acetylation, phosphorylation, methylation and
ubiquitination affecting chromosomal stability and gene
[6,7]
expression . Uncoiling promotes gene expression,
providing access of transcription factors in the DNA.
On the contrary, heterochromatin represses gene trans
cription and is associated with hypoacetylated histones.
Based on the above, histone acetylation was addressed
as a potential chemotherapy drug target to repress
cancer cell proliferation. Histone deacetylase (HDAC)
function in human cells is to counteract the action of
acetyltransferases, providing an equilibrium in histone
acetylation. In cancer cells, absence of balance between
acetyltransferases and HDACs provokes significant
modifications in chromatin structure altering expression
of genes important in the cell cycle, differentiation and
[8]
apoptosis .
The aim of this review article is, at first, to elucidate
the molecular identity and mechanism of action of HDAC
inhibitors as well as verify their potential utility as anticancer agents. More importantly, we will also describe
and critically review the relevant literature of HDAC
implication in esophageal carcinoma.

Key words: Esophageal cancer; Histone deacatylases;
Inhibitors; Drugs
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal cancer (EC) remains one of the most
lethal malignancies, mainly due to its aggressive nature.
In an effort to overcome chemotherapy resistance, it
was discovered that histone acetylation/deacetylation
equilibrium is altered in carcinogenesis, leading to chan
ges in chromatin structure and altering expression of
genes important in the cell cycle, differentiation and
apoptosis. Therefore, histone acetylation was addressed
as a potential novel chemotherapy drug target. Based
on the literature, histone deacetylases (HDACs) have
been associated with EC, with surveys elucidating that
increased expression of certain HDACs correlates with
advanced TNM stages, tumor grade, metastatic potential
and decreased 5-year overall and disease-free survival.
Schizas D, Mastoraki A, Naar L, Spartalis E, Tsilimigras
DI, Karachaliou GS, Bagias G, Moris D. Concept of histone
deacetylases in cancer: Reflections on esophageal carcinogenesis
and treatment. World J Gastroenterol 2018; 24(41): 4635-4642
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i41/4635.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i41.4635

INTRODUCTION
Esophageal cancer (EC) remains one of the most lethal
malignancies worldwide, mainly due to its aggressive
nature and the eight most common malignancy of the
[1]
gastrointestinal (GI) tract . It is also often diagnosed in
late stages, making a curative approach less likely. The
5-year survival rate ranges from 15%-25% and disease
[2]
outcome is strongly associated with early diagnosis .
Squamous cell carcinoma (SCC) is described as the
most common histological type worldwide, though in
many countries a continuous increase in esophageal
adenocarcinomas has been reported. The incidence
of EC is 2-4 times higher in males compared to fe
[3]
males . There is a slight difference in the predisposing
parameters associated with each subtype of esophageal
carcinoma, with smoking and alcohol consumption
being the most important risk factors for SCC and

WJG|www.wjgnet.com

MOLECULAR IDENTITY AND
MECHANISM OF ACTION
Histone acetylation is sustained in all cells by the func
tional equilibrium between two categories of enzymes:
Histone acetyltransferases (HATs) and HDACs. Based on
the HDACs’ homology to their yeast analogues, they are
divided in four classes. ClassⅠ are nuclear HDACs 1, 2, 3
and 8. Members of class Ⅱa include HDACs 4, 5, 7 and
9, with HDACs 6 and 10 belonging to Class IIb and being
located both in the nucleus and the cytoplasm. Class
2+
Ⅳ includes only HDAC 11. ClassⅠ, Ⅱ and Ⅳ are Zn dependent and work by editing histones. Class Ⅲ HDACs
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have a different mechanism of action and are NAD de
[9,10]
pendent homologues of the yeast sirtuin proteins
.
HDACs have recently been implicated in normal cell cycle
regulation and differentiation as their pivotal role in tight
gene control has been verified.
The increased function of HDACs has been associated
with many neurodegenerative diseases, as well as normal
[11]
aging and heart failure . In addition, HDACs have been
implicated in many different types of cancer, including
HDAC1 that can be highly expressed in prostate, gastric,
lung, esophageal, colon and breast cancer, HDAC2 in
colorectal, cervical and gastric cancer cells and HDAC3 in
[5]
colorectal, gastric and prostate cancer . In some malig
nant lesions, increased expression of certain HDACs has
also been correlated with worst prognosis and decreased
survival.
Chromatin structure and coiling is a process very
dynamic, by nature. Lysine residues’ acetylation is a
mechanism of major significance in the relaxation of
DNA structures and gene transcription. In cancer cells,
the loss of balance between HATs and HDACs causes
changes in chromatin structure and alters expression
of genes basic in the cell cycle, differentiation and
apoptosis. For instance, in cells that provoke hyper
acetylation of histones, due to HDAC repression,
chromatin is less condensed and favors an increased
access of transcription factors to the DNA sequence
promoter regions, increasing expression of many genes,
that may potentially include oncogenes, leading to
[8]
tumorigenesis . On the other hand, in cells that favor
hypoacetylation, through HDAC overexpression, there
is an increase in cellular proliferation through proteins
affecting the cell cycle. Many HDACs, including HDAC4,
that is implicated in increased proliferation of EC cellular
pathways, help cells overpass the G1-S checkpoint. Flow
cytometry of these cell structures treated with HDAC
inhibitors has shown an increase in the G1 population
with a concomitant decrease in the S population of cells.
The main mechanism of action of HDAC4 is through an
increase in cyclin dependent kinases 2 and 4 and an
augmentation in phosphorylated retinoblastoma protein.
Altogether, these alterations help cells progress to the S
[12]
phase of the cell cycle . Another mechanism that may
alter normal cell cycle control, in cells overexpressing
HDACs, is through HDAC-mediated inhibition of p21
[13]
protein, that normally arrests cell cycle in G1-S phase .

over-expressed, it functions closely with protein p53,
arresting the cell cycle in G1 phase and inhibiting cellular
[14]
differentiation .
As far as apoptosis is concerned, HDAC inhibitors
have been proposed to activate both the intrinsic and ex
trinsic pathways. In carcinogenesis, evasion of apoptosis
remains one of the most important mechanisms contri
buting to cell immortality. Many cancer cells have in
creased levels of antiapoptotic factors, including BCL[15]
XL . Incubation of such cells in an HDAC inhibitor leads
to a downregulation of related factors and upregulation
[16]
of pre-apoptotic ones . HDAC inhibitors can also
induce apoptosis even when caspases enzymes are
inhibited, showing the ability to accelerate cell death
even in apoptosis-resistant cells, possibly through the
[5]
activation of autophagy . At this point, it is important
to understand that HDAC overexpression occurs only in
cancer cells. As a result, HDAC inhibitors neither affect
cell cycle nor induce apoptosis in cells with normal HAT/
[17]
HDAC expression .
HDACs have also been found to remove acyl groups
from other non-histone proteins, like transcription factors
and important regulatory proteins of cellular proliferation,
[8]
differentiation and apoptosis . After understating the
implication of histones in chromatin structure and gene
expression, there were a lot of questions concerning the
accumulation of these non-histone proteins and whether
they do influence the anti-cancer action of these novel
agents. To answer that, DNMT3B, a methyltransferase
that abnormally methylates and suppresses tumor sup
pressor genes and LSD1, which has been implicated
[18]
in sustaining cancer cell proliferation were assessed .
Results after HDAC inhibition were indicative of a
significant decrease in both DNMT3B and LSD1, showing
potential additional anti-cancer mechanisms of action
[10]
of these drugs . Therefore, HDAC inhibition can affect
gene transcription in cancer cells in a direct fashion with
changes in the histone core, or in an indirect modality
through the removal of acyl groups from other important
regulatory proteins. Using HDAC inhibitors can induce
a state of growth repression, arrest differentiation and
[8]
initiate apoptosis .
Furthermore, HDAC over-expression in cancer cells
has been associated with increased macropinocytosis
highly related with cellular migration and substantial
metastatic potential. HDAC6 activity, precisely, has been
shown to increase macropinocytosis. Supporting the
above information, HDAC6 inhibition led to a decrease
in cellular migration and endocytosis, through actin re
modeling processes, reducing the metastatic capacity
[19]
[20]
of tumor cells . Zhu et al
taking advantage of this
HDAC associated increased macropinocytosis, linked
an HDAC inhibitor (cinnamic acid) to neutral red (NR),
a molecule well known for achieving huge intracellular
concentrations through pinocytosis. The resulting HDAC
inhibition’s cytotoxicity was augmented by increased drug
accumulation in cancer cells through macropinocytosis.
This study displayed for the first time an important
alternative pathway for drug distribution to cancer cells,

HDAC INHIBITORS AS ANTI-CANCER
DRUGS
Inhibiting histone deacetylation can cause changes in
expression of many genes involved in cell differentiation,
apoptosis, angiogenesis, motility, inflammation and
metabolism. One of the most important ways that
HDAC inhibitors affect the cell cycle is the increase
provided in the expression of the gene coding for p21
protein that acts as a signal regulator for the cell to go
through G1 and proceed to the S phase. In cases it is
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Table 1 Histone deacetylase-associated mechanisms of action in carcinogenesis
Increased expression of genes associated with the cell cycle, increasing proliferation, by overpassing the G1-S checkpoint, either by increasing CDK-2 and
-4[12], or by inhibiting p21 protein that arrests cell cycle[13].
Inhibition of both the intrinsic and extrinsic apoptotic pathways[15].
Acyl group removal from other non-histone proteins, like transcription factors and regulatory proteins, indirectly affecting cellular proliferation[8].
Increased macropinocytosis, a process closely related to cellular migration and increased metastatic potential[19].
Increased chemotherapy resistance in tumor cells[21].
Protection from cellular damage caused by ROS[22].
Inhibition of angiogenesis by decreasing VEGF and HIF-1α[22].
Reduction of E-cadherin and increased vimentin expression, increasing metastatic potential[12].
Increased HSP function, conferring stability to oncogenic proteins[33].
Decreased function of DNA repair enzymes[39].
CDK: Cyclin dependent kinases; ROS: Reactive oxygen species; VEGF: Vascular endothelial growth factor; HIF-1α: Hypoxia inducible factor 1-alpha; HSP:
Heat-shock proteins.
[20]

exploiting HDAC-induced macropinocytosis .
Moreover, HDACs can also play a major role in che
motherapy resistance. One hypothesis that can explain
this finding is based on the changes on chromatin struc
ture. Altering chromatin’s coiling status can prevent DNA
targeting drugs from accessing their target molecule,
reducing the extent of DNA damage and improving cel
lular survival. Taking the above into consideration, it is
understandable why HDAC inhibitors have been shown
[21]
to increase chemotherapy cell vulnerability . Results
from different clinical trials have shown that combination
treatment of an HDAC inhibitor with chemotherapy
regimens or ionizing radiation leads to an additive/
synergistic effect, partly explained through hyper-acety
lation mediated DNA relaxation and increased drug
[5]
penetration .
Last but not least, HDAC inhibition increases reactive
oxygen species (ROS), causing DNA and membrane
damage in cancer cells. At the same time, it affects angio
genesis, a process of utmost importance in cancer cell
survival, by decreasing the levels of circulating VEGF
and hypoxia inducible factor-1 alpha (HIF-1α), arresting
[22]
cellular proliferation . Additionally, one important fea
ture of all HDAC inhibitors in tumors is the formation of
[23]
more differentiated, less aggressive cellular colonies .
However, despite the increasing amount of infor
mation we possess on the field of HDACs and their
inhibitors as anti-cancer drugs, there are many cellular
interactions that are not yet thoroughly investigated.
HDAC inhibition leads to activation of various cellular path
ways and acetylation of many different cellular proteins.
It is interesting to identify these pathways and describe
their interactions with HDACs, since gene analysis in cells
treated with an HDAC inhibitor has shown an increase
in gene proteins associated with cell cycle processes and
[23]
cell to cell adhesions . In that direction, Yar Saglam
[24]
et al
studied the potential association of an HDAC
inhibitor with EF24 that inhibits NF-κB pathway, based
on the knowledge that classⅠ HDAC inhibitors cause
augmentation in genes regulated by this pathway, leading
to an increase in cellular proliferation. Interestingly,
their results verified that combination treatment further
decreased cellular proliferation than the administration of
[24]
classⅠ HDAC inhibitor alone .
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HDAC INHIBITORS
HDAC inhibitors include four categories of drugs that are
not structurally equal and also show different affinity for
the various categories of HDACs. The 4 classes include
the short chain fatty acids (butyrate and valproic acid),
hydroxamates (i.e., trichostatin A-TSA), benzamides
(i.e., MS275) and cyclic tetrapeptides (i.e., FK228).
Hydroxamates are the only type of HDAC inhibitors that
possess a pan-HDAC inhibition activity, with the rest
[25]
showing a more selective inhibition . At the moment,
United States Food and Drug Administration (FDA)
has approved three HDAC inhibitors as anti-cancer
medication, including Romodepsin (FK228), Vorinistat
(SAHA) and Belinostat approved in 2014, with many
[26]
others undergoing clinical trials . The most sensitive
biomarkers used in measuring HDAC inhibition effect are
[27]
H3 and H4 .
Novel HDAC inhibitors can have several heterogenous
mechanisms of action. Their epigenetic activation of
many genes through histone modification is well de
[16]
scribed. Henderson et al
developed AR-42, a hydro
xamate combined phenylbutyrate, that is one of the
newest inhibitors under clinical trials with many histoneindependent actions. It mediates Akt dephosphorylation,
inhibits gp130/Stat3 pathway, inactivates mechanisms
implicated in DNA repair, suppresses kit activation and
[16]
initiates proteasomal degradation of topoisomerase Ⅱ .
Also, it has a unique effect on tumor cachexia, inhibiting
cancer-induced muscle atrophy and weight loss that is
important, since cachexia is prevalent among cancer
[16]
patients and also increases morbidity and mortality .
The variety of mechanisms also underlines the need
for further in vitro investigation of the HDAC inhibitors
and the necessity for a better understanding of all the
interconnected cellular pathways.
Table 1 summarizes the mechanisms of action of
HDACs in carcinogenesis.

HDAC INHIBITION IN EC
As mentioned above, EC is one of the most fatal carci
nomas of the GI tract, mainly due to its late diagnosis
and aggressive nature. Thus, there is an increasing
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need for tools and biomarkers that will be able to predict
prognosis after resection, resistance to chemotherapy,
or help develop new combination regimens to increase
patients’ survival. As in many other cancers, loss of
normal equilibrium between histone acetyltransferases
and deacetylases play a significant role in esophageal
carcinogenesis. DNMT1 and classⅠ HDAC1, 2 and 3 are
[28]
often increased in EC . To our knowledge, information
about the implication of HDACs and possible use of HDAC
inhibitors in EC have not been gathered before in one
article.
Available data on HDAC expression in esophageal
adenocarcinomas are limited in the literature. ClassⅠ
HDACs seem to be commonly implicated, with HDAC1
[29]
and HDAC2 being separately studied. Langer et al
suggested that increased HDAC1 expression (detected
in 46% of relevant specimens) did not correlate with
T, N or M stage and neither with tumor grade. On the
other hand, HDAC2 overexpression (found in 70%
of the specimens) showed a statistically significant
correlation with increased lymphatic spreading of the
tumor (N stage) and lower tumor differentiation (higher
grade). Nevertheless, correlation between HDAC1 or 2
[29]
expression and survival analysis has not been verified .
Furthermore, increased HDAC2 expression showed a
non-significant tendency for better chemotherapy re
sponse, compared to HDAC1, but it cannot be used as a
[29]
biomarker for chemotherapy cell vulnerability .
In esophageal SCC (ESCC) increased interest has
been expressed in understanding the implication of
HDAC4 in carcinogenesis. Among 86 paired ESCC
[12]
patients, Zeng et al
reported a significant increase
in HDAC4 expression in cancer cells compared to
paired normal tissue samples. In an effort to assess
HDAC4’s clinical significance in these patients, high
expression was statistically significantly associated with
unfavorable clinicopathologic characteristics, including
higher grade cancer and more advanced T, N and TNM
[12]
stages . Furthermore, patients with high HDAC4
expression showed a 5-year overall survival of 20.15%
with a 5-year progression free survival of 30.92%, that
were significantly shorter compared to patients with low
HDAC4 expression that presentd 68.75% and 53.59%
[27]
relevant rates respectively . From this study, HDAC4
was found to be, together with TNM stage, a significant
predictor of overall survival and a marginally significant
parameter of progression free survival in patients with
ESCC, suggesting its potential use as a biomarker for
ESCC patients’ prognosis. HDAC4 inhibition was also
associated with increased E-cadherin and decreased
vimentin expression, inhibiting epithelial to mesenchymal
[12]
transition (EMT) and EC cell metastatic potential .
[30]
Xue et al
used RNA interference screening to
identify the HATs/HDACs ratio implicated in EC. In
their study they included genes, that when inhibited,
they could cause a decrease in cancer cell viability
by ≥ 20%. Therefore, HDAC1 was recognized to be
[30]
implicated in tumorigenesis . HAT1 was also the first
acetyltransferase to be implicated in EC, and since then
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it has been linked to more malignancies, though its con
tribution to esophageal carcinogenesis and associated
[30]
value as target therapy still remains unknown . Since,
HDAC1 had already been addressed, Xue and his
colleagues studied HAT1. Silencing of HAT1, led to an
increase in the population of cells arrested in G2 phase
and a decrease in cyclinB1, that works as the checkpoint
[30]
from G2 to M phase . Immunohistochemical analysis
from 167 EC specimens, showed a positive expression in
67% (104 specimens) with higher expression in primary
tumor site compared to normal esophageal tissue.
Higher expression was associated with poorer tumor dif
ferentiation, but, nevertheless, a worse survival prognosis
[30]
was not found in a statistical significant correlation .
In carcinogenesis, heat shock proteins, like HSP90,
are cellular regulators providing stability to multiple
oncogenic proteins maintaining a high proliferation rate
[31]
and cancer expansion . In esophageal carcinomas,
investigations have already proved that cancer cells
present increased HSP90 expression, when compared
[32]
[33]
to normal esophageal tissue . Tao et al
studied the
association of HDAC6 with esophageal carcinogenesis,
noticing an increased expression in comparison to normal
tissue. When HDAC6 was inhibited with RNA interference
it was documented that cancer cells had reduced motility
and invasion capacity, through increased acetylation of
[33]
a-tubulin . In addition to the HDAC6-tubulin interaction,
a new co-relation between HDAC6 and HSP90 was
investigated. HDAC6 downregulation led to increased
acetylation of HSP90, inhibiting stability of oncogenic
proteins, like EGFR, and repressing tumor growth, pro
[33]
viding a novel target in EC . Combination treatment
with HDAC6/HSP90 inhibition showed the most potent
arrest in cellular mitotic activity than any of the drugs
[33]
administered alone .
[34]
In accordance with the above studies, Hu et al
addressed the possibility that selenium anti-cancer effect
could be due to its interactions with enzymes implicated
in histone acetylation. Selenium levels have been in
versely associated with the risk for cancer development in
humans. The exact mechanism of action of selenium anti[35]
cancer effect is not well understood . Studies though,
have proven the significance of selenium in decreasing
[36]
ESCC’s prevalence . Moreover, selenomethionine can
help protect against mild esophageal squamous cell
[34]
dysplasia. Hu et al
concluded that methylseleninic
acid (MSA) inhibits cellular growth of ESCC, through
inactivation of HDAC activity, affecting gene expression
through histone modification. An upregulation of general
control nonrepressed protein 5 (GCN5) was also noted,
increasing histone acetylation. After incubation of mice
with MSA, they noted a 33% decrease in weight of MSAtreated tumors and a significant decrease in tumor
growth rate, when at the same time the weight of af
fected mice remained the same. Apoptosis was greatly
influenced, as concluded from the increase in caspase 3,
one of the catalytic enzymes in the common apoptotic
[34]
pathway . In MSA-treated cancer cells, an increase in
krüppel-like factor 4 (KLF4) was also suggested. KLF4,
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Table 2 Studies on the association of histone deacetylase involvement in esophageal cancer
Ref.

Year

Number of pathology
samples

HDACs/HATs
studied

Correlation with
clinicopathological data

Langer et al[29]
Xue et al[30]
Zeng et al[12]

2010
2014
2016

180 EC samples
167 EC samples
86 ESCC samples

HDAC1 and 2
HDAC1 and HAT1
HDAC4

Tao et al[33]

2018

Study performed on
cell lines of EC

HDAC6

Increased N stage and Tumor Grade correlated with increased HDAC2 expression
Increased Tumor Grade correlated with increased HAT1 expression
Increased T, N, M, TNM stage, Tumor Grade and increased metastatic potential
correlated with increased HDAC4 expression
Worse 5-yr OS and DFS was noted in patients with increased HDAC4 expression
Increased cell motility and invasion capacity and increased HSP-90 activity, conferring
oncogenic protein stability, correlated with increased HDAC6 expression

HDACs: Histone deacetylases; HATs: Histone acetyltransferases; EC: Esophageal cancer; ESCC: Esophageal squamous cell carcinoma; OS: Overall survival;
DFS: Disease free survival.
[17]

Esophageal
tumor

Chromosomes

HDACs

Supressed gene
transcription

HATs

Histones

DNA

HDAC inhibitors
AC
AC

AC
AC

AC
AC
AC AC

specific effect . Interpreting this specificity can be
very hard, since the level of HDAC activity in both
cell lines was decreased. Nevertheless, in the cancer
cell lines an increased number of DNA double strand
breaks and apoptosis mediators was noted, leading to
the assumption that benign cells survive due to their
[17]
resistance to these effects . This can be attributed
to the diminished function of DNA repair enzymes in
malignant cells; enzymes that in normal cells can repair
[38]
the damage and escape apoptosis .
HDAC inhibitors have also been detected to enhance
radiosensitivity in EC. This can be an interesting thera
peutic advantage, since radiation therapy is included
in the treatment of EC, especially of ESCC. Apart from
all the aforementioned mechanisms of action of HDAC
inhibitors, the synergistic effect with radiation involves
mainly their ability to inhibit repair of double strand
DNA breaks, through increased acetylation of the repair
[39]
enzymes involved . Valproic acid, apart from being one
of the most potent drugs in treating seizure disorders, it
also possesses HDAC inhibition activity, the exact mecha
nism of which still remains unclear. Based on this, Makita
[39]
et al
initiated valproic acid pretreatment in cancer
cell lines and monitored an increase in H2AX, the most
sensitive marker for irradiation induced DNA breaks.
Valproic acid was found to prolong H2AX levels after
irradiation compared to patients treated with radiation
only. Therefore, it was suggested as a conjugate treat
ment for patients with EC, in order to enhance the local
[39]
cytotoxicity of radiation therapy .
Table 2 summarizes the results of the studies re
porting the association of HDAC involvement in eso
phageal cancer. Figure 1 illustrates the role of HDACs in
esophageal carcinogenesis.

Cancer cell

AC

AC
AC

AC

AC

AC

AC
AC
AC

AC

Open chromatin

Apoptosis

Figure 1 Illustration of the role of histone deacetylase in esophageal
carcinogenesis. HDACs: Histone deacetylases; HATs: Histone acetyltransferases.

played an important role in mediating MSA-induced
apoptosis, though further evaluation is essential for
HDAC-KLF4 molecular interactions and potential novel
[34]
targets .
As mentioned above, classⅠ HDACs 1,2 and 3 are
commonly overexpressed in esophageal carcinomas.
Though, this overexpression does not only affect malig
nant cells. Increased levels of HDACs 1,2 and 3 have
also been found in tissue surrounding the neoplasm, as
[37]
well as normal esophageal tissue . Considering this
information, it is awkward to address HDAC inhibitors as
potential therapeutic agents in patients with EC. Though,
their unique cancer cell selectivity for inducing apoptosis
makes these drugs suitable for treating EC.
In order to estimate the vulnerability of EC cells to
HDAC inhibitors, combination treatments with azacytidine
have been tested in patients with both SCCs and ade
nocarcinomas. Results confirmed a decrease in cell
viability. The combination therapeutic approach provided
better outcomes compared to either HDAC inhibitor or
azacytidine alone. Interestingly, combined treatment in
a cell line consisting of normal esophageal cells, showed
increased concentrations of the drugs inside the cell, at
the same level that was observed in cancer cell lines,
though there was no decrease in viability, supporting
the hypothesis that these novel drugs have a cancer-
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CONCLUSION
In the past decade there has been an increasing amount
of research in the field of HDAC inhibition. Right now,
we have extensive studies that have proven HDAC inhi
bition’s efficacy, particularly in oncology. Despite the
large amount of information that is available, concerning
HDAC and their implication in carcinogenesis, more
research is necessary to contribute to the understanding
of differences between the HDAC functions in the nor
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mal and cancer cell, as well as their interactions with
other cellular targets. Aspects of their action in various
cellular pathways still remain unclear. HDAC inhibitors’
ability to have synergistic or additive effect with other
chemotherapeutic regimens could prove very useful
in the wide utilization of these novel drugs in many dif
ferent cancer types. Better understanding of the HDAC
enzymes, will help guide pharmaceutical research and
clinical trials in developing the best possible drug com
bination regimens, based on the type of cancer and
HDAC expression. In addition to the above, further inves
tigation is needed in order to be able to better answer
questions regarding the interaction of HDAC expression
in cancer cells and the effect on patient’s prognosis,
association with clinicopathological parameters and che
motherapy response.
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Autophagy is a “self-degradative” process and is involved
in the maintenance of cellular homeostasis and the
control of cellular components by facilitating the clearance
or turnover of long-lived or misfolded proteins, protein
aggregates, and damaged organelles. Autophagy plays
a dual role in cancer, including in tumor progression and
tumor promotion, suggesting that autophagy acts as a
double-edged sword in cancer cells. Liver cancer is one
of the greatest leading causes of cancer death worldwide
due to its high recurrence rate and poor prognosis.
Especially in China, liver cancer has become one of the
most common cancers due to the high infection rate of
hepatitis virus. In primary liver cancer, hepatocellular
carcinoma (HCC) is the most common type. Considering
the perniciousness and complexity of HCC, it is essential
to elucidate the function of autophagy in HCC. In this
review, we summarize the physiological function of
autophagy in cancer, analyze the role of autophagy in
tumorigenesis and metastasis, discuss the therapeutic
strategies targeting autophagy and the mechanisms of
drug-resistance in HCC, and provide potential methods to
circumvent resistance and combined anticancer strategies
for HCC patients.
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formed VPS34-BECLIN1-ATG14L complex promotes
[4]
membrane nucleation . After nucleation, elongation of
the isolation membrane and autophagosome completion
take place, which is involved in ATG5-ATG12 conjugation
and LC3 processing. E1 and E2 ligases, ATG7 and
ATG10, mediate the ATG12-ATG5 conjugation, which
binds to ATG16L and aids phagophore elongation by
[5]
recruitment of LC3-Ⅱ to the membrane . LC3 is widely
used as an autophagosomal marker. Completion of the
double-membrane autophagosome is dependent on
elongation of the isolation membrane, sequestration of
cargo, and closure of the membrane. The last event in
the autophagic process is fusion of the autophagosomelysosome and degradation of cargo. Lysosomal fusion
is orchestrated by Rabs, SNAREs, and tethers, and the
[6,7]
cargo is degraded in lysosomes . Thus, the lysosome is
often described as a ‘‘cellular garbage can’’, and plays a
crucial role in autophagy for cellular renewal.
In the past two decades, the finding of a series of
ATG genes in yeast and mammals has increased our
understanding of the physiological and pathological roles
[8]
of autophagy, particularly in many human diseases .
However, the mechanism and function of autophagy in
human cancers, especially liver cancer, have not been
clarified. In this review, we summarize the physiological
function of autophagy and discuss the role of autophagy
in tumorigenesis, metastasis, targeted therapy and drug
resistance of hepatocellular carcinoma (HCC).

Core tip: Liver cancer seriously threatens human health,
due to its high recurrence rate and poor prognosis.
Hepatocellular carcinoma is the most common type of pri
mary liver cancer. Autophagy plays a dual role in cancer.
Basic autophagy exerts a tumor suppression function
by maintaining genomic stability in normal cells. When
cancer occurs, activated autophagy benefits cancer cell
survival and promotes cancer development. However,
the mechanism and function of autophagy in human
cancers, especially liver cancer, have not been clarified.
We summarize the physiological function of autophagy
and its role in tumorigenesis, metastasis, targeted therapy
and drug-resistance in hepatocellular carcinoma.
Huang F, Wang BR, Wang YG. Role of autophagy in tumorigenesis,
metastasis, targeted therapy and drug resistance of hepatocellular
carcinoma. World J Gastroenterol 2018; 24(41): 4643-4651
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i41/4643.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i41.4643

INTRODUCTION
Since the Nobel Prize in Physiology or Medicine 2016
was awarded to Yoshinori Ohsumi “for his discoveries of
mechanisms for autophagy”, there has been an increase
in research worldwide to determine the mechanisms,
[1]
functions and application of autophagy . Autophagy,
a “self-eating” phenomenon, maintains cellular ho
meostasis. In eukaryotic cells, there are two major
cellular degradation organelles, the lysosome and the
[2]
proteasome . The proteasome generally recognizes
and degrades only ubiquitinated substrates, with high
selectivity. In contrast, lysosome degradation has a more
complicated pattern. Extracellular material and plasma
membrane proteins can be delivered to lysosomes for
degradation via the endocytic pathway. However, cyto
solic components and organelles can be delivered to
the lysosome for degradation via autophagy. Thus, it is
understood that autophagy is an intracellular catabolic
degradative process targeting damaged and superﬂuous
cellular proteins, organelles, and other cytoplasmic com
ponents, which plays a role in the renewal of cells and
tissues.
Autophagy is an evolutionarily conserved multistep
process involving a group of conserved gene family mem
bers known as autophagy-related genes (ATGs). The
first step is the induction of nucleation of the autophagyisolation membrane, which is initiated by assembly of
the ULK1 complex, comprising ULK1, ATG13, ATG101,
[3]
and FIP200 . During this assembly, an isolation mem
brane known as the phagophore is formed by the mem
brane derived from the endoplasmic reticulum, Golgi
apparatus, and mitochondria. When the ULK1 complex
translocates to the phagophore, the class Ⅲ phospho
inositide 3-kinase (PI3K) complex is assembled with
VPS34, TP150, BECLIN-1, ATG14L, and AMBRA1. The

WJG|www.wjgnet.com

FUNCTIONAL ROLES OF CELLULAR
AUTOPHAGY IN EUKARYOCTYES
Under normal conditions, basal autophagy with a house
keeping function has physiological roles involved in the
maintenance of cellular homeostasis and the control
of cellular components by facilitating the clearance or
turnover of long-lived or misfolded proteins, protein ag
[9]
gregates, and damaged organelles . However, under
cellular stress, such as nutrient starvation, oxidative
stress, hypoxia, or infection, autophagy plays a cyto
[10]
protective or an adaptive role . Thus, autophagy can
degrade macromolecules including nucleic acid, proteins,
carbohydrates, and triglycerides to nucleosides, amino
acids, sugars, and free fatty acids, respectively, which
are available for de novo synthesis of biomolecules or for
the generation of ATP for energy cellular functions via the
[11]
tricarboxylic acid cycle and other metabolic processes .
The role of autophagy in cancer has been well studied
in the past decade. Extensive interest has been focused
on understanding the paradoxical roles of autophagy in
tumor progression and tumor promotion, which suggests
that autophagy acts as a double-edged sword in cancer
[12,13]
cells
. On the one hand, basic autophagy has as
tumor suppression function by maintaining genomic
stability in normal cells. When cancer occurs, activated
autophagy benefits cancer cell survival and promotes
[14,15]
cancer development
. On the other hand, autophagy
also appears to serve as a pro-survival or pro-death
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The function of autophagy in the liver is a topic of con
cern. Autophagy plays multiple roles in maintaining liver
homeostasis, and contributes to the preservation of
genome stability in liver cells and the prevention of malig
nant transformation by removing harmful mitochondria
[9]
and transformed liver cells . However, knock-out (KO) of
ATG5 and ATG7, two key autophagy genes, results in the
accumulation of nonfunctional proteins and organelles
[24]
in liver cells . The absence of ATG7 by conditional KO
in mouse liver results in developing hepatomegaly and
[25,26]
various metabolic liver disorders in these mice
. The
role of autophagy in tumorigenesis is controversial and
complex, as both up-regulation and down-regulation of
autophagy have been found in cancers, suggesting that
it has oncogenic and tumor suppressor properties during
[9]
malignant transformation .
Autophagy also has dual roles during the progress of
liver cancer. It has been confirmed that autophagy has a
suppressive role in the very early or early stage of HCC
tumorigenesis. Direct evidence of the tumor-suppressing
role of autophagy in HCC was derived from the key
[27]
autophagy gene BECLIN1 KO mice . BECLIN1 is the
only dual function molecule which acts as both a tumor
[28,29]
suppressor and autophagy regulator
. Mice with he
terozygous disruption of BECLIN1 showed reduced auto
phagy activity and tended to initiate the spontaneous
[27]
formation of malignant lesions, including HCC . Further
studies showed that decreased expression of BECLIN1
was correlated with HCC grade, which demonstrated
the possible use of BECLIN1 as an HCC prognostic bio
[30]
marker .
[24]
Takamura et al used mice with liver-specific KO of
ATG5 to study the role of autophagy in carcinogenesis
and found that abolishing the expression of ATG5
impaired autophagy in the liver and led to oxidative
DNA damage and the development of benign hepatic
tumors with no visible carcinoma. This inability to de
velop HCC was correlated with the induction of tumor
suppressors, such as TP53, TP16, TP21, and TP27,
which negatively modulated the progression of tumo
rigenesis when autophagy was impaired, with the fea
tures of mitochondrial swelling, TP62 accumulation,
[31]
oxidative stress, and genomic damage responses .
Simultaneously, liver specific ATG7 KO mice also devel
oped liver tumors that were smaller in size after TP62
[24,31]
deletion
, which indicated that the accumulation
of p62 caused by autophagy deficiency contributes to
tumor progression.
[32]
More recently, Liu et al
reported that autophagy
is required for benign hepatic tumors to progress into
malignant HCC. Their studies indicated that autophagy,
or more specifically mitophagy, was required to suppress
TP53 and induce the expression of the transcription
factor NANOG to maintain hepatic cancer stem cells
[32]
and promote hepatocarcinogenesis . Thus, although
autophagy functions as a tumor suppressor in nontumor
cells or the early stages of tumor cell development,

Or
Established HCCs

Target HCC therapy

Partially killed HCCs

Figure 1 Different functions of autophagy in hepatocellular carcinoma.
Autophagy is significantly induced and improved through degrading
macromolecules for de novo synthesis of biomolecules under the condition of
metabolic stress, including nutrient starvation, hypoxia, oxidative stress, infection,
etc. The function of autophagy in liver cancer is a topic of concern, and it plays
multiple roles in different situations. In normal liver cells, basal autophagy has
a housekeeping function, is involved in maintaining liver homeostasis, and
preventing malignant tumorigenesis by removing harmful mitochondria and
transformed liver cells. Once hepatocellular carcinoma (HCC) is established,
autophagy plays a tumor promotion role in tumor development, metastasis, and
therapeutic resistance. Thus, appropriate autophagy inhibition could effectively
suppress HCC growth and metastasis. However, in target HCC therapy, the role
of autophagy is uncertain, for either inhibition or promotion, according to the
different characteristic of agents. HCC: Hepatocellular carcinoma.
[16]

response in different cancers under different conditions .
For example, following radiation, chemotherapy and
targeted therapy, autophagy in cancer cells is usually
[17,18]
activated
, and is considered to serve as an important
mechanism of therapeutic resistance by supporting tu
[18]
mor cell survival . Thus, inhibition of autophagy may be
a candidate strategy for cancer therapy.

ROLE OF AUTOPHAGY IN HCC
Liver cancer is the third leading cause of cancer death
worldwide, due to its high recurrence rate and poor
[9]
prognosis . In China, liver cancer is the third most
common cancer, having an incidence rate ranked four
th, a mortality rate ranked second, and 18.43 per
[19,20]
10000 patients diagnosed with it
. HCC is the most
common type of primary liver cancer, and accounts for
85%-90% of all cases. Currently, surgical resection is
recommended for very early stage and early stage HCC,
following chemo/radiotherapy, but HCC is still prone to
recurrence and metastasis after surgery, and there is
still no effective treatment for patients with advanced,
[21-23]
metastatic or drug-resistant HCC
. Therefore, it is
essential to elucidate the mechanisms of tumorigenesis,
metastasis, and drug resistance in HCC, and identify
effective and safe therapeutic strategies and prognostic
biomarkers (Figure 1). In view of the fact that activated
autophagy plays an important role in the occurrence
and progression of human neurodegenerative diseases,
fatty liver disease, lupus disease, Crohn’s disease, and
cancers, the regulation of autophagy may contribute to
the treatment of tumors including HCC.
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autophagy becomes important for cancer cell survival
once tumors, including HCC, are established. It has
been shown that autophagy can enhance the survival
[33]
of tumor cells in the hypoxic regions of solid tumors ,
and autophagy is required to promote tumorigenesis by
maintaining oxidative metabolism or facilitating glycolysis
[34,35]
in cells expressing oncogenic Ras
.

pathway in regulating the role of autophagy in HCC
[51]
metastasis . They found that activation of autophagy
can promote metastasis and glycolysis accompanied
by MCT1 up-regulation in HCC cells, and autophagy
induced MCT1 expression by activating Wnt/β-catenin
[51]
signaling . Thus, the study described the relationship
between autophagy and glucose metabolism in HCC cell
metastasis and may provide a potential therapeutic tar
get for HCC treatment.

Autophagy and HCC metastasis

Tumor metastasis causes more than 90% of cancer
deaths. Tumor cells grow in close quarters and then
break away from the primary tumor under stressful
conditions, such as exhaustion of available oxygen and
nutrients, and then the migrating cancer cells develop
[16,36,37]
into metastatic nodules
. This process involves the
assembly of cell membrane surface proteins, activation
of cell adhesion signals, and changes in the extracellular
[38,39]
environment
. There is increasing evidence to show
that autophagy plays an important role in the process
[40]
of tumor metastasis . Firstly, tumor cells gain energy
through autophagy, which improves their survival ability
[41,42]
and promotes migration outward
. Furthermore,
autophagy can induce cell adhesion signal changes,
[43]
and promote tumor cell invasion and migration . More
specific inhibition of focal adhesion kinase (commonly
known as FAK) activates SRC kinase and thus inhibits
[44]
autophagy . In turn, inhibition of autophagy prevents
[43]
the migration of SRC-driven metastatic tumor cells .
Further evidence suggests that focal adhesion inhibits
the level of autophagic flux due to the accumulation of
[45,46]
paxillin (PXN), a core component of focal adhesions
.
Autophagy may play a positive role in HCC metastasis
[47]
due to its pro-survival effect. Peng et al
found that
autophagy inhibition by lentivirus-mediated silencing of
BECN1 and ATG5 genes suppressed HCC metastasis
by facilitating anoikis resistance and lung colonization
of HCC cells, and autophagy-based HCC tissue-specific
targeted therapy efficiently inhibited autophagy of HCC
cells and tissue in a tissue-specific manner in vitro and in
vivo. Further results showed that the expression of LC3
in metastases was significantly higher than in patients
with primary HCC, which suggested a higher level of
autophagy in HCC metastases. Moreover, autophagy is
activated in metastatic colonization but not in invasion,
[48]
migration and detachment of HCC cells .
Epithelial-mesenchymal transition (EMT) is an im
[49]
portant intermediate stage of cancer metastasis .
Invasion of HCC cells is a leading cause of intrahepatic
dissemination and metastasis. Autophagy is considered
to be an important mediator in the invasion of cancer
cells. One study showed that starvation-induced auto
phagy promoted the expression of EMT markers and
invasion in HCC cells in a transforming growth factor
beta (commonly known as TGF-β)/Smad3 signaling[50]
dependent manner . This suggests that activation of
TGF-β/Smad3-dependent signaling plays a key role in re
gulating autophagy-induced EMT. Another study also high
lighted the importance of the Wnt/β-catenin signaling
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Autophagy and targeted HCC therapy

Compared to traditional therapy, the role of autophagy in
targeted therapy of liver cancer seems to show potential
in improving the lethality of tumors while having a les
[25]
ser effect on normal tissue cells . For example, che
motherapy lacks cell type specificity and acts on both
normal and cancer cells; thus, its efficacy is largely
decreased. Autophagy is usually considered to play a
suppressive role in tumorigenesis, including of HCC, and
[52]
acts as an oncogenic factor in advanced HCC . The
[53]
best example (reported by Wu et al ) is autophagic
LC3-Ⅱ over-expression being positively correlated with
malignant progression and predictive of poor prognosis
in HCC. Autophagy may provide the energy and ma
terials for growth and survival of cancer cells in the
tumor microenvironment, which may include hypoxia,
[54]
nutrient deficiency, and therapeutic stress . This also
provides the foundation for promising targeted therapy
of established HCC through autophagy inhibition.
However, autophagy has a dual function in the
pathophysiology of liver cancer, and it is necessary to
clarify which function benefits cancer therapy. Then, a
targeting therapeutic strategy for HCC can be designed
according to the particular role of autophagy, either
autophagy induction or inhibition. A recent study showed
that over-expression of lncRNA PTENP1 (a pseudogene
of the tumor suppressor gene PTEN) in HCC cells induces
onco-miRs miR-17, miR-19b and miR-20a, elevating the
levels of PTENP1 and PTEN, and suppressing the onco
genic PI3K/AKT pathway, cell proliferation, migration/
[55]
invasion and inducing both autophagy and apoptosis .
These miRNAs increased the expression of autophagy
genes including ULK1, ATG7, or TP62, triggered auto
phagy, and suppressed HCC tumor growth. These fin
dings indicate that the lncRNA/miRNAs/autophagy axis is
important in targeted HCC therapy.
Reduced autophagy can induce growth inhibition
in liver cancer, and autophagy activation may be be
[25]
neﬁcial in HCC treatment . The antitumor agent
rapamycin and its derivatives also induce autophagy
[56]
by inhibiting the mTOR pathway . In clinical trials,
rapamycin treatment resulted in an obvious antitumor
effect along with improved overall survival rates in
[57]
post-liver transplantation patients with HCC . Similar
results were observed following sirolimus (a derivative
of rapamycin) treatment in patients with advanced
[58]
HCC but without liver transplantation . Another deri
vative of rapamycin, everolimus (RAD001), also had a
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significant inhibitory effect on tumor growth in human
[59]
HCC xenograft models . However, in the clinical phase
Ⅲ trial EVOLVE-1, administration of everolimus for
advanced HCC after failure of sorafenib did not show
[60]
a signiﬁcant difference in the overall survival rate .
[61]
Egan et al screened a potent ULK1 small molecule
inhibitor, SBI-0206965, and the PI3K/mTOR inhibitor
BEZ235 which down-regulated autophagy and inhibited
HCC cell survival, and further found that SBI-0206965
markedly synergized with the mTOR inhibitor everolimus
or BEZ235 to kill HCC cells. Thus, the suitable combined
use of different autophagic pathway targets may provide
a promising therapeutic strategy for HCC in the clinic.
As a multi-tyrosine kinase inhibitor of the mTOR
pathway, sorafenib is also an autophagy inducer and is
the first United States Food and Drug Administration[62]
approved drug for targeted HCC treatment . Sorafenib
has been widely used to treat advanced HCC patients
and improved the survival rate in preclinical studies and
[63,64]
several clinical trials
. A possible issue with sorafenib
is drug resistance in HCC patients when sorafenib
[65]
induces autophagy , as autophagy is required for HCC
cell survival, especially in the early stages. In addition,
sorafenib has a synergic antitumor effect on HCC growth
when combined with Beclin1 or metformin and vorino
[66-69]
stat, and selumetinib via autophagy induction
. To
date, 225 studies on sorafenib and liver cancer were
found on the clinicaltrials.gov website. Of these, an
ongoing clinical trial is investigating whether sorafenib/
hydroxychloroquine (HCQ)-regulated autophagy will have
improved efficacy in HCC treatment when compared with
sorafenib alone, and in patients progressing on sorafenib
the addition of HCQ could lead to disease stability in
[70]
those with advanced HCC .
Interestingly, in our previous studies, we found
that autophagy modulation participated in oncolytic
[71]
virotherapy in a liver cancer stem cell model . The
inhibition of autophagy by HCQ in cancer stem-like
cells affected the invasion and migration of HCC cells,
[72]
and the EMT process . Further studies by our group
showed that a novel oncolytic adenovirus targeting
Wnt signaling effectively inhibited cancer-stem like cell
growth via metastasis, apoptosis and autophagy in HCC
[71,72]
models
. Thus, we also suggest that the inhibition of
tumor metastasis by regulating autophagy may be one
of the most effective therapies for HCC.

it may be related with enhancing drug resistance and
[23]
promoting cell survival . Thus, autophagy induction at
the tumor development stage promotes resistance to
cancer therapy, while inhibition of autophagy promotes
[15,74,75]
cancer cell death during cancer therapy
. However,
enhancement of autophagic flux may also induce tumor
[76]
cell death in some cases such as oncolytic virotherapy ,
which contributes to targeting HCC therapy.
It has been proved that multiple signaling pathways
and some key regulators are involved in cancer drug
resistance. Notably, the role of autophagy in cancer is
also controlled by regulatory elements, including protooncogenes (PI3K, AKT, MTOR, RAS, RAF and BCR–ABL),
tumor suppressors (BECLIN1, TP53, FOXO1 and BCL-2),
[77-82]
and noncoding RNAs (miRNAs and lncRNAs)
. These
autophagy regulatory elements are divided into auto
phagy inducers and inhibitors, according to their func
tions. The existence or over-expression of autophagy
inducers often results in therapeutic resistance to can
cer therapy, and autophagy inhibitors can overcome
resistance to anticancer drug therapies. The noncoding
RNA and autophagy inhibitors are also used to resensitize
[74]
resistant cancer cells to cancer therapy . A study
[83]
reported by Gao et al showed that miR-520b increased
doxorubicin sensitivity in HCC and inhibited ATG7dependent autophagy, suggesting that the miR-520b/
ATG7 pathway is a potential target for chemosensitive
therapy in HCC.
Sorafenib is currently the only systemic agent with an
autophagy induction role for the treatment of advancedstage HCC, and exerts a significant prolonged overall
[84]
survival rate in HCC patients . However, the appearance
of intrinsic and acquired resistance to sorafenib remains
a huge challenge for the prognosis of stage Ⅲ/Ⅳ HCC
patients, with only approximately 30% responsive to
sorafenib. The potential underlying mechanism may
derive from autophagic induction by sorafenib with pro
[65]
survival functions . However, a recent randomized,
multicenter, multinational phase Ⅱ trial found no evi
dence that sorafenib combined with everolimus (a potent
inhibitor of mTOR) has higher efficacy compared with
[85]
sorafenib alone . A recent study indicated that the
receptor for advanced glycation end products (RAGE)
induced HCC proliferation and sorafenib resistance by
modulating autophagy, and RAGE deficiency contributed
to sorafenib response by activating the AMPK/mTOR
signaling pathway, indicating that Rage may be a po
tential target for therapeutic interventions in HCC and
[86]
a biomarker of sorafenib resistance . RAGE ligands,
such as the high mobility group box 1 (HMGB1), play a
key role in the proliferation, apoptosis, metastasis and
angiogenesis of HCC cells, which is similar to the role of
[87,88]
RAGE in HCC
. Furthermore, HMGB1 also contributed
to chemotherapy resistance in multiple tumors, such
as lung cancer, osteosarcoma and neuroblastoma.
Especially, in a recent study, a novel potential role of
HMGB1 in the regulation of sorafenib therapy resistance
in HCC was suggested, implying the positive association

Autophagy and drug resistance

Although autophagy induction or inhibition can efficiently
treat advanced HCC patients, either alone or combined
with other anticancer agents, drug resistance is a
challenge. It was shown that autophagy acted as a
tumor promoter in an established metastatic tumor,
as it facilitated cancer cell survival against anticancer
therapy by providing nutrients and energy to cancer
[73]
cells under metabolic and oxidative stress . Studies
have found that various chemotherapeutic drugs for HCC
treatment can increase autophagic flux of HCC cells, and
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[89]

between HMGB1 and sorafenib resistance in HCC .
Moreover, the cell surface molecule CD24 regulates sora
fenib resistance by activating autophagy in HCC, and
depletion of CD24 or inhibition of autophagy caused a
[90]
notable increase in sorafenib sensitivity . Thus, the com
bination of autophagy modulation and sorafenib or other
targeted therapy is a promising therapeutic strategy for
the treatment of HCC.

7

8
9

CONCLUSION

10

Autophagy plays a pivotal role in tumorigenesis, meta
stasis, targeted therapy and drug resistance in HCC.
Autophagy functions as a tumor suppressor by removing
oxidative stress, maintaining genomic stability and pre
venting uncontrolled inﬂammation in the early stage of
HCC. However, when a malignant tumor is established,
autophagy induction elicits tumor promotion and drug
tolerance. Thus, targeted drugs to regulate autophagy
could be a novel therapeutic strategy to suppress HCC
metastasis and resistance.
Recently, the role of autophagy in immunity has been
extensively investigated. Autophagy is involved in the
differentiation, development and activation of multiple im
[91]
mune cells, and is also critical in antigen presentation .
Defective autophagy severely affects T cell proliferation,
and tumor-associated macrophage differentiation,
and disturbs the function of terminally differentiated
+
lymphocytes, senescent CD8 T cells and dendritic
[91,92]
cells
. Considering that immune cells are crucial in
HCC development and cancer immunotherapies such as
chimeric antigen receptor expressing T cells and immune
checkpoint inhibitors (PD-1, PD-L1), which represent a
breakthrough in hematological malignancy, autophagy
may be an excellent candidate target for tumor immuno
therapy. With future investigations on autophagic mecha
nisms in HCC, the combination of an autophagy regulator
with multiple kinase inhibitors, signal pathway inhibitors,
immunotherapy and oncolytic virotherapy may exert
synergic therapeutic efficacy in advanced-stage HCC
patients.
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Abstract
AIM
To investigate the adhesion and anti-inflammatory effects
of Lactobacillus rhamnosus GG (LGG) in the colonic mu
cosa of healthy and ulcerative colitis (UC) patients, both in
vivo and ex vivo in an organ culture model.

Institutional review board statement: This study was approved
by the institutional review board of S. Andrea Hospital.

METHODS
For the ex vivo experiment, a total of 98 patients (68 UC
patients and 30 normal subjects) were included. Endo
scopic biopsies were collected and incubated with and
without LGG or LGG-conditioned media to evaluate the
mucosal adhesion and anti-inflammatory effects [reduction
of tumor necrosis factor alpha (TNFα) and interleukin
(IL)-17 expression] of the bacteria, and extraction of
DNA and RNA for quantification by real-time (RT)-PCR
occurred after the incubation. A dose-response study was
performed by incubating biopsies at “regular”, double and
5 times higher doses of LGG. For the in vivo experiment,
a total of 42 patients (20 UC patients and 22 normal
controls) were included. Biopsies were taken from the
colons of normal subjects who consumed a commercial
formulation of LGG for 7 d prior to the colonoscopy,
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and the adhesion of the bacteria to the colonic mucosa
was evaluated by RT-PCR and compared with that of
control biopsies from patients who did not consume the
formulation. LGG adhesion and TNFα and IL-17 expression
were compared between UC patients who consumed a
regular or double dose of LGG supplementation prior to
colonoscopy.

effects of Lactobacillus rhamnosus GG in the human colonic
mucosa: A proof-of-concept study. World J Gastroenterol 2018;
24(41): 4652-4662 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i41/4652.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4652

RESULTS
In the ex vivo experiment, LGG showed consistent
adhesion to the distal and proximal colon in normal
subjects and UC patients, with a trend towards higher
concentrations in the distal colon, and in UC patients, ad
hesion was similar in biopsies with active and quiescent
inflammation. In addition, bioptic samples from UC
patients incubated with LGG conditioned media (CM)
showed reduced expression of TNFα and IL-17 compared
with the corresponding expression in controls (P < 0.05).
Incubation with a double dose of LGG increased mucosal
adhesion and the anti-inflammatory effects (P < 0.05).
In the in vivo experiment, LGG was detectable only in the
colon of patients who consumed the LGG formulation, and
bowel cleansing did not affect LGG adhesion. UC patients
who consumed the double LGG dose had increased muco
sal concentrations of the bacteria and reduced TNFα and
IL-17 expression compared with patients who consumed
the regular dose (48% and 40% reduction, respectively, P
< 0.05).

INTRODUCTION
Recent research has shown a relevant role for the
intestinal microbiota in health maintenance and dis
ease occurrences, and consequently, microbiota ma
nipulation by probiotic bacteria has been proposed as a
[1]
therapeutic option in different pathologic conditions .
Nonetheless, the clinical utilization of probiotic bacteria
still lacks robust, specific scientific evidence, and it is
instead driven by commercial suggestions and generic,
unproven health benefits. In particular, some probiotic
strains have shown anti-inflammatory effects in vitro
and in experimental models, suggesting a potential cli
nical utilization in intestinal inflammatory pathologies
such as inflammatory bowel disease (IBD). In fact,
IBD is a chronic condition of unknown aetiology and im
munologic pathogenesis, characterized by persistent,
deregulated inflammation in the intestine that clinically
[2]
manifests with cyclic flares and remission states .
Therapeutic options include aminosalicylates, corticoste
roids, and immunosuppressant and biologic drugs,
but a consistent set of patients still do not respond ade
quately, so the optimization of conventional therapy
and the development of novel drugs are desirable. In
this scenario, the proposal and scientific investigation
of probiotics as a therapeutic option in IBD patients
may represent a relevant improvement in clinical man
agement. Of the two main categories of that disease,
namely, Crohn’s disease and ulcerative colitis (UC), the lat
ter appears more sensitive to a possible clinical utilization
of probiotic bacteria, and indeed, a number of clinical
[3]
studies have explored that possibility . Nonetheless, the
positive results of those bacteria in experimental and in
vitro systems still need to be translated with the same
efficacy to the clinical setting. A possible explanation
for the lack of consistent clinical data on the therapeutic
efficacy of probiotic bacteria in UC patients may be ac
counted for by two major limitations in available studies.
First, clinical studies showed a large variability in terms
of the probiotic species used, dosages, duration of
[4,5]
therapy and end points analysed . Second, in those
studies, the same baseline clinical condition shows con
sistent heterogeneity in terms of extension, severity
and duration of disease, with evident implications for
the evaluation of probiotic efficacy in specific situations.
In this regard, a reduction in heterogeneity through
methods and protocols standardization may be the
key to the improvement of the results of probiotic
therapeutic application in UC. In particular, preclinical
studies investigating specific properties of probiotics in
the human colonic mucosa, such as mucosal adhesion
and cytokine modulation, are scarce. Although the

CONCLUSION
In an ex vivo organ culture model, LGG showed consistent
adhesion and anti-inflammatory effects. Colonization by
LGG after consumption for a week was demonstrated
in vivo in the human colon. Increasing the administered
dose increased the adhesion and effectiveness of the
bacteria. For the first time, we demonstrated that LGG
effectively adheres to the colonic mucosa and exerts antiinflammatory effects, both ex vivo and in vivo .
Key words: Lactobacillus rhamnosus GG; Ulcerative
colitis; Probiotic; Adhesion; Cytokines
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Since probiotic utilization is often driven by un
proven health claims, we intended to explore the feasibility
and effectiveness of a safe and well-characterized pro
biotic bacterial species, the Lactobacillus rhamnosus
GG (LGG), in ulcerative colitis (UC) patients, through a
preclinical proof-of-concept study. We demonstrated for
the first time effective mucosal colonization and the antiinflammatory effect of LGG, both ex vivo and in vivo , by
quantifying bacterial DNA and cytokine RNA expression
directly at the mucosal site using genomic techniques.
Further translational and clinical studies would confirm the
utility and optimize the therapeutic administration of LGG
in UC patients.
Pagnini C, Corleto VD, Martorelli M, Lanini C, D’Ambra G, Di
Giulio E, Delle Fave G. Mucosal adhesion and anti-inflammatory
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mechanism of action of probiotic bacteria is still not
completely clear and likely involves multiple pathways,
the capacity of the bacteria to adhere to the target site
(i.e., the colonic mucosa) and to promote a shift in the
cytokine balance towards a regulatory pattern appears
[6]
to be of particular relevance . In fact, in UC patients,
a relative increase in proinflammatory cytokines, such
as tumor necrosis factor alpha (TNFα) and interleukin
(IL)-17, with a concomitant reduction in regulatory
mediators [i.e., transforming growth factor beta (TGFβ)
[7,8]
and IL-10] has been described . The demonstration
of adhesion and mucosal anti-inflammatory effects by
a well-characterized probiotic bacterium in the human
colonic mucosa may be of great impact for the proposal
of selected bacteria for the clinical treatment of UC.
Then, to appropriately address and implement probiotic
utilization in specific diseases, it appears to be of great
importance to perform a methodological evaluation of a
specific bacterial species as a real “biotherapeutic” agent,
evaluating the characteristics of the bacterial species
and its specific mechanisms of action in the same way
as drugs, as this would have particular relevance for
clinical and preclinical studies that include appropriate
experimental models, dose and therapeutic scheme
evaluations, and potential specific effects for the single
pathologic condition. In addition, since probiotics are
generally considered safe, but some important adverse
[9]
events may still occur, especially in critically ill patients ,
safety evaluations should be included as well.
Lactobacillus rhamnosus GG ATCC 53103 (LGG) re
presents an ideal probiotic for such a study, since it is the
bacterium most intensely investigated in the literature,
with documented anti-inflammatory effects in vitro and
[10-13]
solid safety data
. Preliminary clinical studies support
the possible utilization of LGG preparations for main
[14]
taining remission in UC patients .
The aim of the present study was to explore the
feasibility and potential efficacy of the clinical utilization
of LGG in UC patients, testing the adhesion and mucosal
anti-inflammatory effects of probiotic bacteria in an ex
vivo experimental model and in a proof-of-concept in
vivo study.

68 UC patients and 30 normal subjects were included in
the study for the ex vivo experiment.
Bioptic samples: Biopsies from UC patients and normal
controls were collected during colonoscopy. With an ex
vivo experimental model, we intended to test mucosal
adhesion and cytokine modulation by LGG (ATCC 53103)
in normal and inflamed colonic mucosa. To test adhesion,
bioptic samples were collected from the proximal (cae
cum) and distal (rectum) colon of normal subjects (n
= 20 samples per group) and UC patients (n = 15 per
group). Moreover, bioptic samples from the rectum of
UC patients with quiescent (defined as Mayo endoscopic
score 0-1) and active (Mayo endoscopic score = 2)
inflammation were collected (n = 15 per group). Bioptic
specimens were placed in Roswell Park Memorial Institute
medium (RPMI 1640, Sigma-Aldrich, St Louis, MO,
United States), a standard medium commonly used for
cell culture composed of a bicarbonate buffering system
and different amounts of amino acids and vitamins, with
6
the addition of LGG at a concentration of 6 × 10 CFU
in each sample. After incubation at 37 ℃ for 2 h, the
bioptic samples were collected and washed two times in
fresh PBS and finally put in RNAlater solution (Qiagen,
Valencia, CA, United States) for future utilization. For
cytokine evaluation, biopsies from the caecum (n =
15) and rectum (n = 20) of UC patients and normal
controls (n = 10) were collected and incubated in RPMI
1640 medium for 6 hours at 37 ℃ with or without LGGconditioned media (CM) prepared according to a protocol
[15]
modified from Petrof et al
and used at a 1:10 ratio
in each sample. After incubation, samples were stored
in RNAlater solution until they were processed. The
incubation time for the organ cultures was optimized
by evaluating the expression and degradation of DNA/
RNA indirectly by the quantification of the expression
of the housekeeping genes (β-actin and GADPH) after
incubation at different time points (2, 6, 12, and 24 h).
Additionally, a dose-finding study was performed, and
a total of 18 UC patients with quiescent inflammation
(Mayo endoscopic score 0-1) were included. For adhesion
evaluation, bioptic samples from the rectum were incu
6
bated with a regular dose (6 × 10 CFU), a double dose
7
7
(1.2 × 10 CFU) or a 5-fold higher dose (3 × 10 CFU)
of LGG, as previously described (n = 8 per group). For
cytokine expression quantification, bioptic samples from
the rectum were incubated with a regular dose (1:10), a
double dose (2:10) or a 5-fold higher dose (5:10) of LGG
CM (n = 10 per group), as previously described. After
incubation, samples were stored in RNAlater solution for
processing.
For adhesion evaluation, total DNA was extracted
and mucosa-adherent LGG were quantified by realtime (RT)-PCR with specific primers already described
[16]
in the literature . A standard curve was obtained by
10 × serial dilutions of a previously amplified sample.
For the evaluation of cytokine expression, total RNA
was extracted, and TNFα and IL-17 concentrations were
quantified by real time (RT)-PCR with specific primers

MATERIALS AND METHODS
Ex vivo experiment

Patients: We included patients with UC and normal
controls who underwent a rectosigmoidoscopy or com
plete colonoscopy for different clinical indications, and
all participants gave informed consent for the study. The
study was approved by the S. Andrea Hospital ethics
committee. Patients and controls did not consume
antibiotics, probiotics or laxatives in the month before
the endoscopy. Standard cleansing preparation by the
participants has been assumed. For UC patients, we
included only patients in remission or with mild to mo
derate disease (clinical Mayo score < 7) who were not
treated with immunosuppressants, biologic drugs or
corticosteroids during the course of the study. A total of
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and expressed in relation to the expression of the internal
β-actin control. Primers for TNFα, β-actin, and IL-17 were
ordered from Qiagen (Valencia, CA, United States).

Laboratories, Inc., Hercules, CA, United States) and 4
μL target DNA, with an iCyclerQ detection system (BioRad Laboratories, Inc., Hercules, CA, United States). For
every set of primers, the original cycle conditions were
maintained. A total of 35 cycles per reaction were per
formed. Data were expressed as a ratio relative to the
lowest value detected after normalization to the internal
control beta-actin. After reactions, PCR products were
run on a 2% agarose gel with ethidium-bromide staining
for visualization.

In vivo experiment

Patients: UC patients (n = 20) and control subjects (n =
22) who had a scheduled colonoscopy for disease followup or for screening purposes, respectively, were enrolled
in the study after informed consent was obtained. Only
UC patients with no symptoms of active disease (clinical
Mayo score 0-1); no on-going immunosuppressant,
biologic or corticosteroid therapy; no consumption of
probiotic formulations, antibiotics or laxatives in the last
month; and quiescent mucosal inflammation (Mayo
endoscopic score 0-1) at endoscopic examination were
included in the study. Control subjects did not have
major comorbidities and did not consume probiotic formu
lations, antibiotics or laxatives in the month prior to their
inclusion in the study. Normal subjects (n = 12) were
asked to consume a commercially available formulation
of LGG (Dicoflor 60®, AG Pharma, Rome, Italy) at the
10
“regular” dose of 1.2 × 10 CFU/d (2 packets/d) for
seven days prior to their scheduled colonoscopies. As
negative controls, we included normal subjects who did
not consume LGG (n = 10). UC patients were asked
10
to consume either a “regular” (1.2 × 10 CFU/d) or
10
a double (2.4 × 10 CFU/d) dose of LGG preparation
(Dicoflor 60®, AG Pharma, Rome, Italy) for seven days
prior to their scheduled colonoscopies (n = 10 each
group). All patients underwent regular bowel preparation.
Since the standard dose of LGG was not set by specific
studies, we arbitrarily defined the “regular” dose of LGG
as the standard dose that is most commonly suggested
in clinical practice, namely, 2 packets per day of Dicoflor
9
60®, which is equivalent to 12 × 10 UFC/die of LGG.
At the time of colonoscopy, biopsies from the cae
cum and rectum were collected, washed and placed in
RNAlater solution. Total DNA was extracted, and the
amount of mucosa-adherent LGG was quantified by RTPCR. Total RNA was extracted, and TNFα and IL-17 were
quantified by RT-PCR with specific primers.

Statistical analysis

Data are expressed as the mean ± standard error (SE).
t tests for paired data and for independent samples
were used for statistical comparisons. A P value < 0.05
was considered significant. MedCalc statistical software
version 12.5 (MedCalc Software, Ostend, Belgium) was
used for analysis.

RESULTS
Ex vivo experiment

After incubation, LGG effectively adhered to the colonic
mucosa in the ex vivo organ culture experimental model.
In specimens from the normal colon, LGG showed
consistent adhesion to the mucosa of bioptic samples
from both the distal and proximal colon (20.4 ± 6.5 vs
9.5 ± 2.3, P = NS) (Figure 1A). Considering relative
segmental adhesion, there was a trend for higher con
centrations of LGG adhered to the distal vs proximal
colon (2-fold relative increment), but the difference was
not statistically significant. Similarly, in UC patients, LGG
showed remarkable adhesion in bioptic samples from the
proximal and distal colon, with a trend towards higher
concentrations in the rectum (10.9 ± 2.9 vs 6.5 ± 2.5,
P = NS) (Figure 1B). Moreover, LGG showed similar
adhesion in mucosal biopsies with endoscopically active
and quiescent inflammation, indicating that inflammatory
activity does not impair the local adhesion of the bacteria
(6.2 ± 2.8 vs 6.6 ± 1.2, P = NS) (Figure 2).
Considering cytokine modulation, incubation of
mucosal samples from UC patients with LGG induced
a reduction in proinflammatory cytokines. In fact, the
mucosal expression of TNFα was significantly reduced
in bioptic samples from both the proximal and distal
colon incubated with LGG CM compared with biopsies
incubated without LGG CM (proximal: 6.8 ± 1.0 vs
16.3 ± 4.7, distal: 3.0 ± 0.4 vs 5.6 ± 1.2, P < 0.05 for
paired samples for both) (Figure 3A). Similarly, IL-17
expression was reduced in LGG CM-incubated distal
colon bioptic samples (proximal: 2.4 ± 0.6 vs 2.6 ± 0.7, P
= NS; distal: 3.0 ± 0.3 vs 3.7 ± 0.3, P < 0.05 for paired
samples) (Figure 3B). Similar results were observed
when LGG CM was incubated with normal mucosa
specimens (Figure 3C).
In the dose-response experiment, incubation with
a double dose of LGG increased the bacterial DNA con
tent of the bioptic specimens compared to that of the

DNA/RNA extraction

For DNA and RNA extraction, QIAmp mini DNeasy and
RNeasy miniprep kits (Qiagen, Valencia, CA, United
States), respectively, were used according to the ma
nufacturer’s instructions. The concentration and purity
of extracted nucleic acids were measured with the
GeneQuant pro RNA/DNA calculator (Amersham Phar
macia Biotech, Uppsala, Sweden) spectrophotometer.
Before utilization, RNA was reverse-transcribed into
cDNA using the GeneAmp RNA PCR kit (Applied Bio
systems, Foster City, CA, United States) according to the
manufacturer’s instructions.

RT-PCR

PCR reactions were performed in a total volume of 20
μL, including 16 μL SYBR Green PCR Supermix (Bio-Rad
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Figure 1 Lactobacillus rhamnosus GG adhesion in the normal colon and ulcerative colitis patients’ colon was evaluated by the ex vivo organ culture
experimental model. A: Mucosal Lactobacillus rhamnosus GG (LGG) quantification from total bioptic samples showed consistent adhesion in mucosal biopsies, with
a trend toward higher LGG concentrations in distal specimens compared with proximal specimens (n = 20 per group); B: Mucosal LGG quantification from bioptic
samples from ulcerative colitis patients confirmed consistent bacterial adhesion after incubation (n = 15 per group). The bars represent the mean values. LGG:
Lactobacillus rhamnosus GG; UC: Ulcerative colitis.

adherent bacteria were consistently detectable in bioptic
samples, notwithstanding the bowel cleansing for the
endoscopic procedure, and not in control biopsies from
the colon of subjects who did not consume the probiotic
(Figure 5A). LGG adhesion was consistent in both pro
ximal and distal colon biopsies (7.4 ± 1.7 vs 9.0 ± 3.2)
(Figure 5B).
Despite variability among the samples, the LGG mu
cosal concentration was higher in UC patients who con
sumed the double dose of LGG compared to those who
consumed the regular dose (6.83 ± 2.97 vs 2.02 ± 1.12)
(Figure 6A). In line with that result, UC patients who
consumed a double LGG dose had a significant reduction
in mucosal TNFα and IL-17 expression compared with
that of regular dose patients (TNFα: 1.68 ± 0.22 vs 3.48
± 0.73, 48% reduction, IL-17: 1.05 ± 0.11 vs 2.43 ± 0.57,
43% reduction; P < 0.05 for both) (Figure 6B and C).

LGG adhesion in UC patients' rectum
10

Relative ratio
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6

4

2

0

Active
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Figure 2 Lactobacillus rhamnosus GG adhesion in bioptic samples
from the rectum of ulcerative colitis patients was evaluated by the ex
vivo organ culture experimental model. Similar concentrations of adherent
Lactobacillus rhamnosus GG were found in the mucosa from ulcerative colitis
patients without and with active endoscopic inflammation, as defined by Mayo
Endoscopic Scores of ≤ 1 and 2, respectively (n = 15 per group). Mean
± standard error is represented. LGG: Lactobacillus rhamnosus GG; UC:
Ulcerative colitis.

DISCUSSION
The present study shows for the first time that LGG
effectively adheres to the colonic mucosa and exerts
local anti-inflammatory effects, both in an experimental
model and in vivo. Experimental studies have already
highlighted the unique adhesion of LGG to the intestinal
[17]
mucus . Genetic studies have revealed that LGG has
pili that produce a mucus-binding protein (SpaC) that
[18,19]
enhances the adhesive features of the bacteria
.
Many years ago, pivotal studies demonstrated the
presence of cultivable LGG in bioptic samples from pa
[20,21]
tients after consumption of a high dose of LGG
. In
the present study, although a higher dose was associated
with increased mucosal adhesion, we have demonstrated
for the first time effective mucosal colonization by LGG
after consumption of a standard dose, which is the mean
dose commonly suggested for the treatment of digestive
disorders with the LGG formulation used in the present
[20,21]
work. In fact, in the studies by Alander et al
, subjects
consumed a preparation containing a dose of LGG ap
proximately 10-20 times higher than that used in the

regular dose group (4.7 ± 2.0 vs 23.3 ± 10.0, P < 0.05),
while incubation with a higher dose of LGG (× 5) did
not further increase the mucosal concentration (15.9 ±
6.2, P < 0.05 vs regular dose, P = NS vs double dose)
(Figure 4A). Similarly, incubation with a double dose of
LGG CM significantly reduced TNFα and IL-17 expression
compared with that of the normal dose (TNFα: 0.91 ±
0.03 vs 0.75 ± 0.05, IL-17: 0.92 ± 0.07 vs 0.82 ± 0.05;
P < 0.05 for both), and a higher dose of LGG CM (× 5)
did not further reduce TNFα and IL-17 expression (TNFα:
0.87 ± 0.05, IL-17: 0.86 ± 0.07, P = NS). The highest
reduction was observed with the double LGG dose (25%
and 18% reduction for TNFα and IL-17, respectively)
(Figure 4B and C).

In vivo experiment

After 7 d of consumption of the regular dose of LGG,
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Figure 3 Effect of Lactobacillus rhamnosus GG on cytokine expression in the colon was evaluated by the ex vivo organ culture experimental model. A:
Tumor necrosis factor alpha (TNFα) mRNA quantification in proximal (n = 15) and distal (n = 20) colon biopsies from ulcerative colitis (UC) patients incubated with
Lactobacillus rhamnosus GG (LGG) conditioned media (CM) and control biopsies; B: IL-17 mRNA quantification in proximal and distal colon biopsies from UC patients
incubated with LGG CM and control biopsies; C: TNFα mRNA quantification in proximal and distal colon biopsies (n = 8 per group) from normal subjects incubated
with LGG CM and control biopsies. aP < 0.05. TNFα: Tumor necrosis factor alpha; IL: Interleukin; LGG: Lactobacillus rhamnosus GG; UC: Ulcerative colitis.

present study, and the evaluation of adherent LGG was
performed by traditional culture technique, which has
some limitations compared with the molecular method
(i.e., RT-PCR) used in the current study that allows direct
quantification of bacterial DNA content in the mucosal
site. Despite these limitations, such studies already high
lighted the limit of exclusive evaluation of faecal samples
and the importance of evaluating local mucosal flora in
bioptic samples. In fact, even though systemic effects
could be present, the adhesion of the probiotic bacteria
to the intestinal mucosa appears to be of paramount
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importance, at least for some of the specific, crucial
aspects of the multiple possible mechanisms of action of
LGG, namely, pathogen antagonism, stimulation of tolllike receptor (TLR)-mediated pathways, restoration of
intestinal bacterial function, and local mucosal cytokine
[22]
modulation . Accordingly, the preventive effect of a
multiprobiotic compound on the development of inflam
matory disease in a spontaneous model of Crohn’s
disease (SAMP/YitFc mouse), was obtained only with
a higher dose of probiotic that effectively induced an
increase in the mucosal probiotic concentration in the
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Figure 4 Lactobacillus rhamnosus GG dose-finding study in the ex vivo organ culture experimental model. A: Mucosal Lactobacillus rhamnosus GG (LGG)
quantification in distal colon bioptic samples after incubation with a regular (6 × 106 CFU), double or 5-times dose of LGG. aP < 0.05 vs regular dose (n = 8 per group);
B: TNFα mRNA quantification in distal colon bioptic samples incubated with a regular (1:10), double (2:10) or 5-times (5:10) dose of LGG conditioned media (CM) (n
= 10 per group); C: IL-17 mRNA quantification in distal colon bioptic samples incubated with a regular (1:10), double (2:10) or 5-times (5:10) dose of LGG CM. Mean
± standard error is represented. aP < 0.05 vs regular dose. TNFα: Tumor necrosis factor alpha; IL: Interleukin; LGG: Lactobacillus rhamnosus GG; CM: Conditioned
media.
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Figure 5 Lactobacillus rhamnosus GG adhesion in the normal colon in vivo after 7 d of Lactobacillus rhamnosus GG administration. A: Lactobacillus
rhamnosus GG (LGG) detection in the colon of normal subjects who did (n = 12) and did not (n = 10) consume the probiotic formulation. Relative value bars and
visualization on an agarose gel are shown. Mean ± standard error is represented; B: Relative segmental adhesion of LGG in the proximal and distal colon biopsies (n
= 12 per group), with the bars representing the mean values. ND: Not detectable; LGG: Lactobacillus rhamnosus GG.
[23]

[24]

ileal mucosa .
In this study, an experimental ex vivo model was
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used for the evaluation of the properties of LGG . The
utilization of models that are more representative of the
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Figure 6 Lactobacillus rhamnosus GG adhesion and mucosal effect in the colon of ulcerative colitis patients. A: Mucosal Lactobacillus rhamnosus GG
(LGG) quantification in colon biopsies of ulcerative colitis (UC) patients who consumed a regular (12 × 109 UFC/die) or a double (24 × 109 UFC/die) dose of LGG
supplement for 7 d (n = 10 per group); B: Tumor necrosis factor alpha mRNA quantification in colon biopsies from UC patients who consumed a regular or a double
dose of LGG supplement for 7 d. Mean ± standard error is represented; C: Interleukin-17 mRNA quantification in colon biopsies from UC patients who consumed a
regular or a double dose of LGG supplement for 7 d. aP < 0.05. TNFα: Tumor necrosis factor alpha; IL: Interleukin; LGG: Lactobacillus rhamnosus GG; UC: Ulcerative
colitis.

in vivo situation is becoming increasingly relevant to
developing translational studies with consistent clinical
application. This would ideally lead to more in-depth
characterization of probiotic species and to the tailored
utilization of bacteria with specific features in pathologies
where those properties may be specifically relevant for
therapeutic purposes. The trend towards higher LGG
adhesion in the distal colon, observed both in vivo and
in the ex vivo model, may offer an indirect confirmation
of the validity of such a representative model, although
the observed trends may be simply due to a type
two statistical error. In a previous study, we reported
correspondence in the data on bacterial mucosal ad
hesion from both the experimental model and the in
vivo setting. In fact, consistent reduction in adherent
mucosal bacteria loads has been found in adenomatous
polyps compared with normal mucosa and is due to
hyperproduction of antibacterial molecules (defensins).
Similarly, when bioptic samples were incubated with a
probiotic formulation, mucosal adherent bacteria loads
were significantly lower in the polyps than in the normal
[25]
mucosa . The utilization of short-term organ cultures in
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the present study represents an effective, reproducible
and inexpensive method for the evaluation of probiotic
adhesion and effects, and it requires materials (i.e.,
bioptic samples) that are easily available compared with
for instance, surgical specimens. Moreover, ex vivo bioptic
organ cultures may reflect a situation closer to the in
vivo setting compared with other pure in vitro systems,
such as primary cell cultures or cell lines. On the other
hand, organ cultures may be more easily contaminated,
and manipulations and long-term incubation are difficult
to perform. In addition, in our method, unlike the in
vivo setting where the epithelial cells represent the main
interface between the luminal content and subepithelial
compartment, the polarization of the stimulus (i.e., LGG
CM) is not controlled, and direct paracellular stimulation
may occur.
For genetic evaluations in the present paper, we
used a SYBR Green-based dye detection system, which
represents an accurate and relatively inexpensive me
thod for DNA and RNA quantification. Since, to our know
ledge, RT-PCR primers for SYBR Green-based systems
that specifically target LGG have not been described, we
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used primers that were already developed for general
[16]
Lactobacillus species . Considering that LGG admini
stration may affect the general composition of faecal
[26,27]
microbiota
, we cannot exclude the possibility that
other Lactobacillus species might have been stimulated
and unspecifically detected in our analysis. Nonetheless,
the facts that we focused our analysis on the intestinal
mucosa and not on the faeces, that the incubation time
of the ex vivo experiments was short and that the con
sumption time for the in vivo experiment (a week) was
relatively short indicate that concomitant significant
alterations in the intestinal microbiota composition is un
likely and that the increased concentration observed with
real-time PCR is specifically ascribable to LGG. To confirm
our findings and to further characterize the LGG adhesion
to the mucosa, investigations with different methods [i.e.,
fluorescence in situ hybridization (FISH)] are currently
being performed.
Together with consistent colonization of the colonic
mucosa, LGG demonstrated effective cytokine modu
lation in the present study. Previous in vitro studies have
already shown consistent anti-inflammatory properties
of LGG. In fact, lipopolysaccharide (LPS)-activated
macrophages derived from BALB/c mice showed reduced
production of TNFα after incubation with LGG CM but not
[28]
with CM from other probiotic bacteria . In peripheral
blood mononuclear cells (PBMCs) from humans, incu
bation with LGG and other probiotic bacteria stimulated
the modulation of cytokine production towards a re
[11]
gulatory pattern . The modulation of the cytokine
profile is likely dependent on the induction of nuclear
factor (NF)-κB and STAT DNA-binding activities, as de
[29]
monstrated in human primary macrophages . Moreover,
LGG displayed anti-inflammatory effects and protection
in several experimental models of colitis. In fact, LGG
administration ameliorated inflammation both in DSSinduced colitis and in human leukocyte antigen (HLA)
[30,31]
[32]
B-27 transgenic rats
. Yan et al demonstrated that
a soluble protein derived from LGG, namely, p40, confers
protection against intestinal inflammation through the
prevention of cytokine-induced apoptosis in epithelial
cells by means of an epithelial growth factor receptor
(EGFR)-dependent mechanism. Recently, the same
group demonstrated that LGG neonatal colonization in
mice promotes intestinal development and protects from
intestinal inflammation induced by DSS administration
[33]
in adult mice , and LGG-mediated protection against
inflammation and carcinogenesis has been demonstrated
in the dimethyl hydrazine (DMH) model of colitis-asso
[34]
ciated cancer . More evidence about the potential
protective role of LGG in the intestinal mucosa was
[35]
generated in an in vitro study by Priciandaro et al that
demonstrated a reduction in apoptosis and in the loss
of intestinal barrier function in enterocytes pretreated
with LGG supernatant; the described study is a further
indication of the positive effect of the metabolic products
of LGG. The confirmation of cytokine modulation by
LGG, which we demonstrated for the first time in the
colonic mucosa in the present study, may be relevant
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for proposing the use of LGG in the clinical setting as a
therapeutic option in inflammatory pathologic conditions.
The identification of a specific molecular target of the
probiotic bacteria was not addressed in our investigation.
In fact, although a direct effect on mucosal cytokines
associated with acquired immunity appears most likely,
alternative effects, such as permeability modification,
interaction with other commensal bacteria, or concomi
tant action on the innate immune compartment, cannot
be excluded. Moreover, in this proof-of-concept study,
we intended to preliminarily demonstrate the potential
rationale for LGG utilization in UC patients by analysing
mucosal adhesion and the anti-inflammatory effect of the
bacteria. We limited our investigation to the expression
of two cytokines that are upregulated in the mucosa of
UC patients and that are likely to play an important role
in inflammation initiation and maintenance. Nonetheless,
since chronic inflammation is most likely driven by multi
ple alterations in the complex cytokine network, further
studies are needed to better characterize the molecular
effect of LGG, and comparison with other probiotic spe
cies will help clarify the potential specificity of the effect
of LGG on inflammation.
We included in the present study, for both the ex vivo
and in vivo experiments, only UC patients with mildmoderate disease activity. In fact, according to current
clinical knowledge and experimental observations, the
clinical scenario for probiotic utilization in UC patient
management appears to be the induction of remission in
mild-moderate flares and overall remission maintenance
(disease prevention). Despite some encouraging clinical
results, solid evidence for the indication and correct
utilization of probiotics in UC patient management is
still to come, and many questions are currently still un
[36]
answered . In this study, we demonstrated a clear
anti-inflammatory effect in the experimental model.
We also tested the effect on cytokines in the mucosa of
patients consuming two different doses of LGG. In this
“proof–of-concept” study, experimental and in vivo dose
responses were observed after LGG administration. Since
no analogous studies have been performed to date, in
our experimental model, we set an LGG concentration
6
of 6 × 10 CFU as the “regular dose” and an LGG CM
concentration of 1:10 as the baseline dose for the re
action, according to the concentrations previously used
in the probiotic literature for in vitro studies. When
administering a double dose of LGG or LGG CM, we
observed an increase in mucosal adherent bacteria and
a decrease in proinflammatory cytokine expression,
while no further increase in adhesion or any effect on the
cytokines was observed with a fivefold increase in LGG
dose. A possible explanation is that doubling the dose
of LGG in the reaction reduces the quantity of culture
media (i.e., in a 1:10 LGG reaction culture medium is
180 μL, while in a 1:50 LGG CM reaction it is 100 μL)
so that bioptic samples may not have adequate culture
conditions. Nonetheless, the identification of a real thre
shold effect was beyond the purpose of the study and
was not investigated. We limited our investigation to
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of two important pro-inflammatory cytokines (tumor necrosis factor alpha
and interleukin-17). Higher mucosal concentration of the bacteria and more
consistent reduction of pro-inflammatory cytokines has been observed
increasing the dose of LGG.

the administration of two doses of oral LGG (regular
and double) for the in vivo study, which allowed the
preliminary confirmation of the ex vivo finding; the lack
of safety and tolerability data for a very high dose of LGG
supplement administration in a clinical setting also limited
our dosing scheme. In fact, although LGG and other
probiotic species are generally considered safe, adverse
[37]
events are described , and a thorough safety evaluation
is needed.
The novel findings of the present investigation prelimi
narily confirm and support the feasibility and the potential
effectiveness of the application of LGG administration
in UC patients. Since the variability of methods and
protocols has been a major limitation of previously pub
lished studies on probiotic evaluation, we intended to
restrict the patient population (i.e., mild-moderate active
UC patients) and to standardize the methodological
evaluation to provide the basis for a rigorous evaluation
of LGG efficacy in this clinical scenario and eventually in
other similar inflammatory conditions, with the ultimate
goals of contributing to overcoming inappropriate and
nonspecific use of probiotic bacteria and promoting more
selective, evidence-based applications of those bacteria
in specific clinical conditions.

Research conclusions

The present study demonstrated for the first time that LGG affectively adheres
to the colonic mucosa and exerts anti-inflammatory effect, both ex vivo and in
vivo. Moreover, we demonstrated a potential increasing of effect with higher
dose of probiotic. Considering that probiotic utilization in clinical setting is often
empirical and not evidence-based, the present study can put the basis for the
evaluation of LGG in the setting of UC with specific clinical trials.

Research perspectives

Utilization of appropriate experimental models appears crucial for the design
of pre-clinical studies. Translational medicine studies, with both experimental
and in vivo experiments, may contribute to correctly investigate potential
novel treatments, and in particular to evaluate the potential application of LGG
and other probiotic bacteria for the treatment of UC and other inflammatory
conditions.
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Abstract
AIM
To determine whether it is possible to identify different
immune phenotypic subpopulations of cancer-associated
fibroblasts (CAFs) in pancreatic cancer (PC).

Institutional review board statement: The study was approved
by the Ethical Committee of the Region of Southern Denmark
(project ID: S-20140168 and project ID: S-20150130).

METHODS
We defined four different stromal compartments in surgical
specimens with PC: The juxtatumoural, peripheral, lobular
and septal stroma. Tissue microarrays were produced
containing all pre-defined PC compartments, and the
expression of 37 fibroblast (FB) and 8 extracellular matrix
(ECM) markers was evaluated by immunohistochemistry,
immunofluorescence (IF), double-IF, and/or in situ hybri
dization. The compartment-specific mean labelling score
was determined for each marker using a four-tiered
scoring system. DOG1 gene expression was examined by
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[1]

quantitative reverse transcription PCR (qPCR).

with a 5-year survival rate of only 8% . The main rea
sons for the poor prognosis are probably the late time
of diagnosis and the limited response to chemoradiation
[2,3]
therapy (CRT) . Fibrosis, characterized by excessive
extracellular matrix (ECM) production, plays a significant
role in PC because invasive cancer cells are accompanied
by an intense desmoplastic reaction. The desmoplastic
fibrotic stroma can occupy up to 80% of the entire tu
[4]
mour volume . Deposition of ECM in the desmoplastic
stroma causes a reduction in tumour elasticity and
increases the interstitial pressure, reducing tumour per
[5,6]
fusion .
Cancer-associated fibroblasts (CAFs) are the most
important effector cells in the desmoplastic reaction in
[7]
PC . These cells are mainly generated via the activation
[8,9]
of quiescent pancreatic stellate cells (qPSCs) . CAFs
have been suggested to form an “unholy alliance” with
cancer cells, each mutually promoting the proliferation of
[10-12]
the other
. CAF-conditioned media has been shown to
[13-15]
induce the proliferation and migration of cancer cells
,
[16]
and vice versa . Additionally, it has been demonstrated
that co-injection of CAFs with cancer cells induced tu
[14,16]
mour growth in mice
. Studies examining whether
CAFs as a whole inhibit or promote tumour growth are
conflicting. On the one hand, high stromal activity, i.e.,
high numbers of α-smooth muscle actin (α-SMA)-positive
CAFs, in surgical specimens had a negative prognostic
[17-19]
impact in resected PC patients
, and CAFs hampered
the effect of CRT and promoted tumour growth and
[13,20,21]
metastasis in cell culture studies
. Furthermore, the
combined targeting of CAFs and cancer cells has shown
[22,23]
promise as a therapeutic option in in vitro studies
.
On the other hand, depletion of the tumour stroma and
fibroblast (FB) population promoted tumour growth
and reduced survival in genetically engineered mouse
[24,25]
models
.
A few recent studies indicate stromal heterogeneity in
PC, which, in part, may explain the different conclusions
that may be drawn from the abovementioned stu
[26-29]
dies
. However, further studies regarding the role of
CAFs in PC are needed. We therefore aimed to evaluate
whether different immune phenotypic subpopulations
of CAFs can be identified in PC. We defined four stromal
compartments in resection specimens with PC: The juxta
tumoural, peripheral, lobular, and septal stroma. The
compartment-specific expression of 37 FB and 8 ECM
markers was evaluated in tissue microarrays (TMAs)
with human PC using immunohistochemistry (IHC), im
munofluorescence (IF), double-IF (d-IF) and in situ hy
bridization (ISH).

RESULTS
CD10, CD271, cytoglobin, DOG1, miR-21, nestin, and
tenascin C exhibited significant differences in expression
profiles between the juxtatumoural and peripheral com
partments. The expression of CD10, cytoglobin, DOG1,
nestin, and miR-21 was moderate/strong in juxtatumoural
CAFs (j-CAFs) and barely perceptible/weak in peripheral
CAFs (p-CAFs). The upregulation of DOG1 gene expression
in PC compared to normal pancreas was verified by qPCR.
Tenascin C expression was strong in the juxtatumoural
ECM and barely perceptible/weak in the peripheral ECM.
CD271 expression was barely perceptible in j-CAFs but
moderate in the other compartments. Galectin-1 was
stronger expressed in j-CAFs vs septal fibroblasts, PDGFRβ, tissue transglutaminase 2, and hyaluronic acid were
stronger expressed in lobular fibroblasts vs p-CAFs, and
plectin-1 was stronger expressed in j-CAFs vs l-FBs. The
expression of the remaining 33 markers did not differ
significantly when related to the quantity of CAFs/FBs or
the amount of ECM in the respective compartments.
CONCLUSION
Different immune phenotypic CAF subpopulations can be
identified in PC, using markers such as cytoglobin, CD271,
and miR-21. Future studies should determine whether
CAF subpopulations have different functional properties.
Key words: Pancreatic cancer; Tumour stroma; Cancerassociated fibroblasts; Extracellular matrix; Subtyping;
Immunohistochemistry
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic cancer (PC) has a poor prognosis,
which may partially be attributed to the abundant desmo
plastic stroma, produced by cancer-associated fibroblasts
(CAFs). The exact role of CAFs in PC is currently unclear,
as these cells exhibited stimulation of cancer cell pro
liferation in vitro , but depletion of these cells promoted
cancer progression in animal models. In this study, using
immunohistochemistry, immunofluorescence (IF), doubleIF, and/or in situ hybridization, we identified different
immune phenotypic subpopulations of CAFs in PC, which
may, at least in part, explain the previously published,
partly contradictory data on the role of CAFs in PC. Further
studies are needed to elucidate whether certain CAF
subpopulations in PC have different functional properties.
Nielsen MFB, Mortensen MB, Detlefsen S. Typing of pancreatic
cancer-associated fibroblasts identifies different subpopulations.
World J Gastroenterol 2018; 24(41): 4663-4678 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i41/4663.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i41.4663

MATERIALS AND METHODS
Tissue specimens

Tissue specimens for tissue microarrays for IHC,
IF, d-IF and ISH analyses: This project was approved
by the Ethical Committee of the Region of Southern
Denmark (project ID: S-20140168) and the Danish Data
Protection Agency (project ID: 15/33101). We ensured
that patients had not advocated against the use of their

INTRODUCTION
Pancreatic cancer (PC) has an extremely poor prognosis
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Table 1 Patient and tumour characteristics
Characteristics
Number
Age
Sex
Tumour differentiation grade
Well differentiated (G1)
Moderately differentiated (G2)
Poorly differentiated (G3)
T Stage2
N stage2
Surgical procedure
Whipple resection
Left-sided pancreatectomy

IHC and IF cohort

ISH cohort

n
Mean (yr)
(range)
Female/male

8
67.0
(46.7-75.9)
5/3

211
67.9
(46.7-80.9)
13/8

n
n
n
T1/T2/T3/T4
N0/N1

0
8
0
0/0/8/0
2/6

0
19
2
0/0/20/1
5/16

n
n

5
3

16
5

1

The 21 patient tumours in the in situ hybridization cohort also included the 8 tumours from the immunohistochemistry and immunofluorescence cohort;
According to the International Union Against Cancer (UICC) pTNM classification version 7[60]. ISH: In situ hybridization; IHC: Immunohistochemistry; IF:
Immunofluorescence.
2

tissue in the Danish registry for the use of tissue in
research (Vævsanvendelsesregisteret).
Three TMAs were constructed for the IHC and IF
analyses with tissue from eight human pancreatic ductal
adenocarcinoma (PDAC) specimens (Table 1). In this
study, the term PC is used for PDAC. Normal pancreatic
tissue and cores with autoimmune pancreatitis and alco
holic chronic pancreatitis served as controls. Normal
pancreatic tissue was obtained from one patient who
underwent an operation for a haemangioma in the caudal
region of the pancreas, and one patient who underwent
a splenectomy. Three additional TMAs were produced
for the ISH analyses, resulting in a total of 21 PC tissues
(Table 1). The database of the Department of Pathology,
Odense University Hospital (OUH), was searched for
pancreatic surgical specimens, obtained from January 1,
2016, onwards. Cases that fulfilled the following criteria
were included in the study: Specimens were excluded
if they contained neuroendocrine neoplasms, cystic
tumours, benign lesions or intraductal papillary mucinous
neoplasms (IPMNs). Only ductal adenocarcinomas of
the pancreas were included after re-evaluation by a
pathologist, ensuring that no ampullary or duodenal
adenocarcinomas secondarily involving the pancreas
were included.
TMAs were constructed from formalin-fixed and para
ffin-embedded (FFPE) tissue blocks. Haematoxylin and
eosin-stained slides were examined under a microscope,
and three 4 mm diameter cores from each PC specimen
from appropriate areas were transferred to a virgin block
using an automated tissue array machine (TMA Master,
3DHISTECH, Budapest, Hungary). The three tissue
cores from each tumour represented the following three
different zones: (1) The tumour centre; (2) the invasive
front; and (3) the peritumoral pancreatic parenchyma,
where inflammation and fibrosis but no cancer cells were
present.

Ethical Committee of the Region of Southern Denmark
(project ID: S-20150130) and the Danish Data Protection
Agency (project ID: 15/51867). All the included tissue
samples were stored in the Danish Cancer Biobank. Nine
PC specimens (3 females and 6 males with a mean age
of 65.2 years) and three normal pancreatic specimens
(2 females and 1 male with a mean age of 61.2 years)
were obtained from patients who underwent surgery
for PC at OUH in the period from January 10, 2014 to
January 10, 2015. Benign pancreatic tissue was obtained
from representative areas with no trace of malignancy.
Gastrointestinal stromal tumour (GIST) tissue served as
a positive control. Fresh tissue specimens from surgical
resections were transferred directly to a -80 ℃ freezer
upon arrival at the Department of Pathology, OUH.

IHC

Four-micrometre sections were cut on a microtome and
mounted on FLEX IHC slides (Dako, Glostrup, Denmark).
The IHC staining procedures for some antigens were auto
mated, and some were stained manually. Supplementary
Table 1 presents details regarding primary antibodies,
dilutions, incubation times and epitope retrieval proce
dures for each antigen.
The automated protocols, including deparaffinization,
epitope retrieval and blocking of endogenous peroxidase
activity, were performed using either a BenchMark Ultra
Immunostainer (Ventana Medical Systems, Tucson, AZ,
United States), with the OptiView Detection Kit (Ventana
Medical Systems, Tucson, AZ, United States); a Dako
Omnis instrument (Agilent, Santa Clara, United States),
with the Dako EnVision FLEX visualization system (Agilent,
Santa Clara, United States); a Dako Autostainer Link 48
instrument (Agilent, Santa Clara, United States) with
PowerVision (Leica Biosystems, Wetzlar, Germany),
CSA Ⅱ (Agilent, Santa Clara, United States), and Dako
EnVision (Agilent, Santa Clara, United States) detection
systems. Heat-induced epitope retrieval (HIER) and nonHIER protocols were tested for antigen retrieval to obtain
the highest signal-to-noise ratio. Nuclear counterstaining

Tissue specimens for quantitative reverse trans
cription PCR analyses: This study was approved by the
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cells), CD20 (B cells), CD68 (macrophages), CD117 (mast
cells and stem/progenitor cells), CD163 (macrophages
and monocytes), ETS-related gene (ERG, endothelial
cells), ionized calcium-binding adapter molecule 1 (IBA-1,
macrophages), maspin (adenocarcinoma cells), myelo
peroxidase (MPO, neutrophils), synaptophysin (axons
and neuroendocrine cells), tryptase (mast cells), and von
Willebrand Factor (vWf, endothelial cells).

Septal stroma

Fibroblast
ECM
Cancer
cells
Acini

Lobular
stroma

Peripheral
stroma

100 μm

Definition of four stromal compartments in pan
creatic resection specimens with PC: Four different
stromal compartments in pancreatic resection speci
mens with PC were defined: two compartments within
the tumour and two in the surrounding pancreatic
parenchyma (Figure 1). The stroma inside the tumours
was divided into juxtatumoural and peripheral stroma.
The juxtatumoural stroma was defined as the stroma
located between 0 and 100 μm from the cancer cells
[30]
(Figure 1) . The peripheral stroma was defined as
the stroma located > 100 μm away from the cancer
cells. The stroma in the peritumoural pancreatic tissue
was divided into lobular and septal stroma. The lobular
stroma was defined as the stroma located in intralobular
areas, and the septal stroma was defined as the stroma
located in perilobular (septal) areas surrounding the
pancreatic lobuli (Figure 1).
In each of the four stromal compartments, CAFs
and ECM were evaluated separately: Juxtatumoural
CAFs (j-CAFs) and juxtatumoral ECM (j-ECM) in the
juxtatumoural stroma; peripheral CAFs (p-CAFs) and
peripheral ECM (p-ECM) in the peripheral stroma; lobular
fibroblasts (l-FBs) and lobular ECM (l-ECM) in the lobular
stroma; and septal fibroblasts (s-FBs) and septal ECM
(s-ECM) in the septal stroma.

Juxtatumoural
stroma

Figure 1 Simplified, schematic depiction of four stromal compartments in
surgical specimens with pancreatic cancer. We defined two compartments
within the tumour (the juxtatumoural and the peripheral stroma) and two
compartments in the surrounding pancreatic parenchyma (the lobular and
the septal stroma). The juxtatumoural stromal compartment, containing
juxtatumoural cancer-associated fibroblasts and juxtatumoural extracellular
matrix, is defined as the stroma at a distance of ≤ 100 μm away from the
cancer cells. The peripheral stromal compartment, containing peripheral cancerassociated fibroblasts and peripheral extracellular matrix (p-ECM), is located
> 100 μm away from the cancer cells. The lobular stromal compartment,
containing lobular fibroblasts and lobular ECM, is defined as the stroma located
in the intralobular areas, surrounding acinar cells and islets of Langerhans.
The septal stromal compartment, containing septal fibroblasts and septal ECM,
is defined as the stroma in the perilobular areas, surrounding the pancreatic
lobuli. ECM: Extracellular matrix.

was performed with a BenchMark Ultra instrument,
using haematoxylin Ⅱ (Ventana Medical Systems,
Tucson, AZ, United States), and with the Dako Omnis
and Dako Autostainer instruments, using EnVision FLEX
haematoxylin (Agilent, Santa Clara, United States). Slides
were washed, dehydrated and mounted with coverslips
using a Tissue-Tek film coverslipper (Sakura, Alphen aan
den Rijn, The Netherlands).
For the manual IHC staining procedures, the tissue
sections were dewaxed with xylene and rehydrated with
an ethanol gradient in water. A 10-min incubation in 1.5%
H2O2 (Merck, Darmstadt, Germany) was performed to
block endogenous peroxidase activity. Tissue sections
were placed in HIER buffers and exposed to three suc
cessive steps using a microwave oven (NN-SD450W,
Panasonic, Osaka, Japan): (1) 9 min at 900 W; (2) 15
min at 440 W; and (3) 15 min at room temperature
(RT). Nonspecific binding was blocked by incubation for
30 min in 2% BSA. The sections were incubated with
primary antibody diluted in antibody diluent S2022 (Dako,
Glostrup, Denmark) for 60 min at RT or overnight (O/N)
at 4 ℃. Unbound primary antibodies were washed away,
and the EnVision+ peroxidase/DAB detection system
(Dako, Glostrup, Denmark) was used for detection of
antigen-bound antibodies. Nuclear counterstaining was
performed with Mayers haematoxylin (Fagron Nordic,
Copenhagen, Denmark). Slides were washed, dried
and mounted with coverslips using Pertex (Histolab,
Gothenburg, Sweden).
The following markers were used as IHC and d-IF
reference markers for the different stromal cells (Sup
plementary Table 1): α-SMA (myofibroblasts), CD3 (T
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Semiquantitative immunohistochemical scoring:
Stained slides were scanned using a 40× objective on a
NanoZoomer 2.0HT whole-slide scanner (Hamamatsu
Photonics, Hamamatsu, Japan). All quantitative eva
luation was performed on digitalized slides using
NanoZoomer Digital Pathology (NDP).view2 software
(Hamamatsu Photonics).
IHC, ISH and histochemical staining were assessed
using a semi-quantitative scoring system on TMAs. The
expression of each individual marker was assessed in
CAFs/FBs and ECM in the different stromal compartments
using a labelling score (LS) from 0 to 4. In this LS
scale, 0 indicated no expression, 1 indicated barely
perceptible expression, 2 indicated weak expression, 3
indicated moderate expression, and 4 indicated strong
expression. Each score was based on the intensity as
well as distribution of the expression of the respective
markers. The CAF/FB markers were scored in relation to
the quantity of activated CAFs/FBs and the ECM markers
were scored in relation to the quantity of collagen and
reticulin in the respective compartment. α-SMA was used
as a reference marker for myofibroblasts (MFBs), and
Sirius Red and reticulin were used as reference stains for
ECM.
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Table 2 Simplified scheme of the expression profiles of 7 of 45 markers that showed a statistically significant difference in
expression between the juxtatumoural stroma and peripheral stroma
Fibroblast markers
Juxtatumoural stroma
Peripheral stroma
Lobular stroma
Septal stroma
Expression in other cells in PC
Adenocarcinoma cells
Axons
Endothelial cells
Histiocytes
Mast cells
Media myocytes
Neutrophilic granulocytes
Lymphocytes

ECM marker

α-SMA

CD10

CD271

Cytoglobin

DOG1

miR-21

Nestin

Tenascin C

++++
++++
++++
++++

+++
+
++
+

+
+++
+++
+++

+++
+
+++
++

++
+
+

+++
+
+
+

++
+
++
+

++++
+
++
+

++++
-

++
+++

+++
-

-

+
-

++
-

+++
-

-

The expression of these markers in the juxtatumoural, peripheral, lobular and septal stroma is shown, as well as that in adenocarcinoma cells, axons,
endothelial cells, histiocytes, mast cells, media myocytes, neutrophilic granulocytes, and lymphocytes. Symbol key: (-) Not expressed in the cell type;
(+) barely perceptible expression; (++) weak expression; (+++) moderate expression; (++++) strong expression. α-SMA: α-smooth muscle actin; DOG1:
Discovered on gastrointestinal stromal tumours 1; ECM: Extracellular matrix; PC: Pancreatic cancer.

D-IF microscopy

hyaluronic-acid-binding protein. Nuclear counterstaining
was performed with Mayer’s haematoxylin. Slides were
washed, dried and mounted with coverslips using Pertex.

Four-micrometre sections were cut on a microtome and
placed on FLEX IHC slides. Tissue sections were dewaxed
with xylene and rehydrated with an ethanol gradient in
water. HIER protocols were performed for all IF stains.
Tissue sections were placed in HIER buffer and exposed
to three successive steps using a microwave oven: (1)
9 min at 900 W; (2) 15 min at 440 W; and (3) 15 min
at RT. Nonspecific binding was blocked by incubation for
30 min in 2% BSA. The sections were incubated with
primary antibody (mouse or rabbit, Supplementary Table
2) diluted in antibody diluent S2022 for 60 min at RT or
O/N at 4 ℃. Unbound primary antibodies were washed
away, and the specimens were incubated with secondary
anti-mouse/rabbit Alexa Fluor-conjugated antibodies
(ThermoFisher, Waltham, MA, United States). Unbound
secondary antibodies were washed away, and the slides
were mounted with DAPI using Vectashield (Vector
Laboratories Inc., Burlingame, CA, United States). The
following combinations of markers were examined with
d-IF: CD10/α-SMA, CD10/ERG, CD10/IBA1, CD271/
α-SMA, CD271/ERG, CD271/IBA1, cytoglobin/α-SMA,
cytoglobin/CD163, cytoglobin/von Willebrand Factor,
DOG1/α-SMA, nestin/α-SMA, and nestin/ERG.

Reticulin: This staining was performed by consecutively
incubating deparaffinized sections in solutions of 0.5%
potassium permanganate (pH 1.5) (3 min, Region
Hovedstadens Apotek, Herlev, Denmark), 1% oxalic acid
(1 min, Region Hovedstadens Apotek), 2.5% ferric ammo
nium sulfate (30 s, Region Hovedstadens Apotek), silver
solution [30 s, 10% silver nitrate (PanReac AppliChem,
Darmstadt, Germany) and 3% sodium hydroxide
(Region Hovedstadens Apotek)], 3.6% formaldehyde
(30 s, Region Hovedstadens Apotek), and 3% sodium
thiosulfate (5 min, Region Hovedstadens Apotek) with
intermediate washes in water. Nuclear counterstaining
was performed with Mayer’s haematoxylin. Slides were
washed, dried and mounted with coverslips using Pertex.
Sirius Red: The deparaffinized sections were first stained
in Weigert’s iron haematoxylin (15 min, Fagron Nordic).
Following a washing step, the sections were stained with
0.1% Sirius Red (Ampliqon, Odense, Denmark) in picric
acid (15 min, VWR, Søborg, Denmark). The slides were
dehydrated and mounted with coverslips using Pertex.

Histochemistry

Quantitative reverse transcription PCR

The sectioning, mounting and deparaffinization steps for
the histochemical staining were similar to those for the
IHC analyses. The following histochemical stains were
used:

RNA isolation and cDNA preparation: A maximum
of 30 mg tissue sample was prepared for RNA isolation
from each specimen (nine PC specimens and three
normal pancreatic specimens). The tissue was lysed in
Buffer RLT (Qiagen, Valencia, California, United States)
and homogenized on a T10 Ultra-Turrax disperser
(Ika, Staufen, Germany). RNA isolation was performed
with the RNeasy Plus Mini Kit (Qiagen) according to
the manufacturer’s instructions. RNA concentration,
purity and integrity were estimated using a NanoDrop

Hyaluronic acid: Deparaffinized sections were incubated
with 10 μg/mL biotinylated hyaluronic-acid-binding protein
(Merck Millipore, Burlington, United States) O/N at 4 ℃.
Excess reagent was washed away before incubation with
1:100 HRP-conjugated streptavidin (Dako) for 1 h at
RT. DAB substrate (Dako) was applied for detection of
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sections baked (32 min at 37 ℃) and deparaffinized
on the instrument, followed by target retrieval (24 min
at 97 ℃) and protease treatment (16 min at 37 ℃).
Hybridization of probes for 2 h at 43 ℃ was followed
by RNAscope amplification (32 min) and detection
using the Red (AP) Kit (Roche Diagnostics, Hvidovre,
Denmark). The following RNAscope probes (Advanced
Cell Diagnostics, Newark, United States) were used:
Collagen-I (COL1A1) (cat. No. 401899, target RNA),
dihydrodipicolinate reductase, bacterial dapB (cat. No.
312039, negative control), and peptidylprolyl isomerase
B (PPIB) (cat. No. 313909, positive control).

1000 spectrophotometer (Thermo Fisher Scientific,
Wilmington, United States) and a BioAnalyzer 2100
(Agilent Technologies, Santa Clara, United States). cDNA
synthesis was performed independently on RNA isolated
from each specimen according to the manufacturer’s
instructions from 500 ng of isolated RNA with the HighCapacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific).
Reverse transcriptase quantitative PCR: Discovered
on gastrointestinal stromal tumours 1 (DOG1) gene
expression was determined by quantitative reverse
transcription PCR (qPCR). The PCRs were carried out
with the TaqMan gene expression assay (Thermo Fisher
Scientific) according to the manufacturer’s instructions
and run on a QuantStudio 12K Flex real-time PCR
system (Thermo Fisher Scientific) using the following
PCR conditions: 2 min at 50 ℃, 10 min at 95 ℃ and
50 thermal cycles of 15 s at 95 ℃ and 1 min at 60 ℃.
Reactions performed with cDNA from independent
specimens were run in triplicate. 18S ribosomal RNA
(18S rRNA) and glutaminyl tRNA synthetase (QARS)
were used as reference genes for normalization of gene
expression because these genes have been previously
demonstrated to be the most stable housekeeping genes
[31]
when comparing normal and PC tissues . Primers and
probes were purchased from Thermo Fisher Scientific:
Hs00216121_m1 (DOG1), Hs99999901_s1 (18S
rRNA) and Hs00192530_m1 (QARS). Relative mRNA
expression was calculated using the qBase+ software
[32]
program (Biogazelle, Gent, Belgium) .

Statistical analysis

The mean labelling scores (MLS) for the FB and ECM
markers were calculated from the average LS. Column
bar graphs were created in GraphPad Prism, ver. 5.01
(GraphPad Software, La Jolla, CA, United States),
illustrating the MLS with standard errors of the mean.
Ordinal data were compared using the nonparametric
Kruskal-Wallis test followed by Dunn’s multiple
comparison test. A nonparametric test was selected
after evaluating the data with the Shapiro-Wilk normality
test. Statistical analysis were performed in GraphPad
a
b
Prism, ver. 5.01. In the graphs, P < 0.05, P < 0.01,
c
and P < 0.001. Statistical analyses of the qPCR data
were performed with qBase+ software (Biogazelle, Gent,
Belgium). The Mann-Whitney test was used to compare
the gene expression of DOG1 in normal pancreatic tissue
with that in PC tissue. The level of statistical significance
was set at P < 0.05.

ISH

RESULTS

ISH for microRNAs with locked nucleic acid
probes: The probe sequences for potential CAF sub
type miR markers (miR-21, miR-199a, miR-214 and
miR-221), positive control (miR-126, endothelial marker),
and negative control (scramble) are listed in Sup
plementary Table 3. The listed probes were all doublelabelled with digoxigenin (DIG), and ISH was performed
on 5-μm thick paraffin sections essentially as described
[33]
elsewhere .The ISH analyses were performed in
collaboration with Boye Schnack Nielsen, Bioneer A/S,
Hørsholm, Denmark. In brief, the DIG-labelled locked
nucleic acid (LNA) probes were detected with alkaline
phosphatase-conjugated anti-DIG antibodies followed by
incubation with 4-nitro-blue tetrazolium and 5-bromo4-chloro-30-indolylphosphate (NBT-BCIP) as substrate
(Supplementary Table 3). All slides were counterstained
with nuclear fast red, dehydrated and mounted using
Entellan mounting medium (Fisher Scientific).

Evaluation of FB and ECM markers in PC

A total of 45 markers (32 FB IHC markers, 5 FB ISH
markers, 7 ECM IHC markers, and one histochemical
ECM stain) were used for semi-quantitative examination
with the four-tiered scoring system described above.
Most markers were expressed in FBs or ECM. The MLS
in the different stromal compartments are shown in Sup
plementary Table 4. CD10, CD271, cytoglobin, DOG1,
miR-21, nestin, and tenascin C exhibited significant dif
ferences in expression profiles when comparing j-CAFs/
j-ECM with p-CAFs/p-ECM. The expression of these
proteins is therefore described in detail below, and the
main findings regarding these markers are summarized
in Table 2. Regarding the other compartments, galectin-1
(P < 0.05) was stronger expressed in j-CAFs vs s-FBs,
PDGF-Rβ (P < 0.05), tissue transglutaminase 2 (P <
0.05), and hyaluronic acid (P < 0.01) were stronger ex
pressed in l-FBs vs p-CAFs, and plectin-1 (P < 0.05) was
stronger expressed in j-CAFs vs l-FBs. The expression
of the remaining 33 markers did not differ significantly
between compartments. Illustrations regarding the
expression of the remaining examined markers in the
juxtatumoural and peripheral stroma are presented in
Supplementary Figure 1.

COL1A1 mRNA ISH using RNAscope: Detection of
COL1A1 mRNA was performed in collaboration with Boye
Schnack Nielsen, Bioneer A/S, Hørsholm, Denmark,
on the Ventana Discovery platform (Ventana Medical
Systems, Tucson, AZ, United States) using RNAscope
[34]
probes as described elsewhere . Briefly, 5-μm paraffin
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Figure 2 Cytoglobin expression in the normal pancreas and in pancreatic cancer. In the normal pancreas, cytoglobin expression was observed. A: In periacinar
quiescent pancreatic stellate cells (cytoglobin immunostaining; scale bars, 50 μm). No co-expression of cytoglobin with; B: The endothelial marker von Willebrand
factor (vWf) [double-immunofluorescence (d-IF) of vWF (green) and cytoglobin (red); scale bar, 10 μm]; C: With the histiocyte marker CD163 [d-IF of CD163 (green)
and cytoglobin (red); scale bar 10 μm] was observed in the normal pancreas; D: Semi-quantitative mean labelling scores of cytoglobin expression in juxtatumoural
cancer-associated fibroblasts (j-CAFs) = 2.5, peripheral cancer-associated fibroblasts (p-CAFs) = 1.1, lobular fibroblasts (l-FBs) = 2.8, and septal fibroblasts = 1.9.
Cytoglobin was expressed at significantly higher levels in j-CAFs than in p-CAFs and in l-FBs than in p-CAFs. bP < 0.01, cP < 0.001; E: Moderate cytoglobin expression
in j-CAFs (scale bar, 100 μm); F: In p-CAFs, only barely perceptible cytoglobin expression was observed (scale bar, 250 μm); G: Strong maspin expression in cancer
cells surrounded by juxtatumoural stroma (scale bar, 100 μm); H: Peripheral stroma is shown, lacking maspin-positive cancer cells (scale bar, 250 μm). Strong α-smooth
muscle actin (α-SMA) expression in I: j-CAFs (scale bar, 100 μm); and J: p-CAFs (scale bar, 250 μm); K: Co-expression of cytoglobin and α-SMA in j-CAFs [d-IF of
α-SMA (green) and cytoglobin (red); scale bar, 10 μm]; L: No co-expression of cytoglobin with the endothelial marker vWf in PC [d-IF of vWf (green) and cytoglobin (red);
scale bar, 20 μm]; M: No co-expression of cytoglobin with the histiocyte marker CD163 in PC [d-IF of CD163 (green) and cytoglobin (red); scale bar, 20 μm]. j-CAFs:
Juxtatumoural cancer-associated fibroblasts; p-CAFs: Peripheral cancer-associated fibroblasts; l-FBs: Lobular fibroblasts; s-FBs: Septal fibroblasts.

Cytoglobin is predominantly expressed in j-CAFs and
l-FBs

with α-SMA in stromal fibroblasts in PC (Figure 2K),
whereas no co-expression was observed with vWf (Figure
2L) or CD163 (Figure 2M).

In normal pancreas, distinct cytoglobin expression was
observed in periacinar qPSCs/FBs (Figure 2A). The
specificity of cytoglobin for qPSCs/FBs was supported
by d-IF analyses with the endothelial marker vWf
(Figure 2B) and the histiocytic marker CD163 (Figure
2C), where no co-expression was observed. Semiquantitative evaluation of the expression of cytoglobin in
PC demonstrated significantly higher expression in j-CAFs
and l-FBs than in p-CAFs (Figure 2D-J). However, even in
j-CAFs, the expression of cytoglobin was lower than that
of the myofibroblast marker α-SMA (Figure 2E and I). D-IF
analyses demonstrated a co-expression of cytoglobin
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CD10 is expressed mainly in j-CAFs

Semi-quantitative evaluation demonstrated significantly
higher expression of CD10 in j-CAFs than in p-CAFs
and s-FBs in PC (Figure 3A-G). Additionally, CD10 ex
pression was observed in lymphocytes, neutrophils
and the epineurium (data not shown). D-IF analyses
demonstrated co-expression of CD10 and α-SMA in
j-CAFs (Figure 3H), whereas no co-expression was
observed with the endothelial marker ERG (Figure 3I)
or the macrophage marker IBA-1 (Figure 3J). In normal

4669

November 7, 2018|Volume 24|Issue 41|

Nielsen MFB et al . Stromal heterogeneity in PC

A

CD10
b

Labelling score

4

H

Merge

CD10

α-SMA

I

Merge

CD10

ERG

J

Merge

CD10

IBA1

b

3
2
1

FB
s
s-

l-F
Bs

CA
Fs
p-

j-C
AF
s

0

Juxtatumoural stroma

Peripheral stroma

B

CD10

C

CD10

D

Maspin

E

Maspin

F

α-SMA

G

α-SMA

Figure 3 CD10 expression in pancreatic cancer. A: Semi-quantitative mean labelling scores of CD10 in juxtatumoural cancer-associated fibroblasts (j-CAFs) =
2.6, peripheral cancer-associated fibroblasts (p-CAFs) = 0.8, lobular fibroblasts = 1.4, and septal fibroblasts (s-FBs) = 0.9. CD10 is expressed at significantly higher
levels in j-CAFs than in p-CAFs and s-FBs. bP < 0.01; B: Moderate CD10 expression in j-CAFs (scale bar, 100 μm); C: In p-CAFs, CD10 expression is only barely
perceptible (scale bar, 250 μm). Maspin-positive cancer cells are; D: present in juxtatumoural stroma (scale bar, 100 μm) but; E: not in peripheral stroma (scale bar,
250 μm). Strong α-smooth muscle actin (α-SMA) expression in F: j-CAFs (scale bar, 100 μm); and G: p-CAFs (scale bar, 250 μm); H: Co-expression of CD10 and
α-SMA in j-CAFs is shown [double-immunofluorescence (d-IF) of α-SMA (green) and CD10 (red); scale bar, 10 μm]. No co-expression of CD10 with; I: the endothelial
marker ETS-related gene (ERG) [d-IF of ERG (green) and CD10 (red); scale bar, 10 μm]; or J: with the histiocyte marker IBA1 [d-IF of IBA1 (green) and CD10 (red);
scale bar, 20 μm]. j-CAFs: Juxtatumoural cancer-associated fibroblasts; p-CAFs: Peripheral cancer-associated fibroblasts; l-FBs: Lobular fibroblasts; s-FBs: Septal
fibroblasts.

pancreas, CD10 expression was observed in lympho
cytes, neutrophils, and at the luminal side of the ductal
epithelium (data not shown).

(data not shown).

DOG1 is expressed in some j-CAFs but not in p-CAFs

Gene expression of DOG1 was significantly higher in PC
than in normal pancreas (Figure 6A). Semi-quantitative
evaluation of DOG1 expression revealed relatively low
expression in j-CAFs, which, however, was significantly
higher than that in p-CAFs, which were DOG1-negative
(Figure 6B-H). Some cancer cells also expressed DOG1
(data not shown). D-IF analyses of DOG1 in combination
with α-SMA indicated a co-expression in j-CAFs (Figure
6I). IHC for DOG1 in normal pancreas showed no
expression (data not shown).

CD271 expression is higher in p-CAFs than in j-CAFs

CD271 expression was significantly lower in j-CAFs than
in p-CAFs, l-FBs and s-FBs (Figure 4A-G). Additional
CD271 expression was observed in large nerves and
media myocytes (data now shown). D-IF analyses
demonstrated co-expression of CD271 with α-SMA in
p-CAFs (Figure 4H) but not with ERG in endothelial cells
(Figure 4I) or with IBA-1 in macrophages (Figure 4J).
CD271 expression was observed in media myocytes and
large nerves of the normal pancreas (data not shown).

Nestin expression is higher in j-CAFs and l-FBs than in
p-CAFs

Tenascin C expression is higher in j-ECM than in p-ECM

The expression of tenascin C was significantly higher
in j-ECM than in p-ECM and s-ECM (Figure 5A-G). Addi
tional tenascin C expression was observed around large
peripheral nerves (Figure 5C). In normal pancreas,
tenascin C expression was generally low, but some
concentrated expression was observed in areas of re
modelling and in the tunica media of large blood vessels
WJG|www.wjgnet.com

Nestin expression was higher in j-CAFs and l-FBs than
in p-CAFs (Figure 7A-E). Nestin was also detected in
endothelia and in large nerves (data not shown). The
expression of nestin was relatively weak and observed in
only a fraction of the α-SMA-positive CAFs (Figure 7F).
In addition, nestin expression was observed in stromal
ERG-positive endothelial cells (Figure 7G). In normal
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scale bar, 20 μm]; j-CAFs: Juxtatumoural cancer-associated fibroblasts; p-CAFs: Peripheral cancer-associated fibroblasts; l-FBs: Lobular fibroblasts; s-FBs: Septal
fibroblasts.

pancreas, nestin expression was observed exclusively in
endothelia and large nerves (data not shown).

and miR-21 was moderate to strong in j-CAFs but only
barely perceptible to weak in p-CAFs. The expression
of cytoglobin and nestin was additionally significantly
higher in l-FBs than in p-CAFs. CD271 exhibited
significantly lower expression in j-CAFs than in all other
FB/CAF subtypes. Tenascin C was expressed at higher
levels in j-ECM than in p-ECM and s-ECM. Hence, our
high
data indicate that the expression pattern cytoglobin /
high
high
low
miR-21 /tenascin C /CD271 characterizes the
juxtatumoural stroma, whereas the opposite pattern is
characteristic of the peripheral stroma.
Expression of cytoglobin in qPSCs has been pre
[35-37]
viously demonstrated in mice, rats and humans
.
In the present study, we confirmed cytoglobin as a
marker of qPSCs in normal human pancreas and found
that it is strongly expressed in j-CAFs. The upregulation
of cytoglobin in activated PSCs (aPSCs) has been
demonstrated in mice with cerulein-induced pancreatic
[36,38]
fibrosis
, but to the best of our knowledge, this is the
first report of cytoglobin expression in CAFs in human
PC. The expression pattern of nestin was similar to that
of cytoglobin, with both markers being expressed at

miR-21 is expressed mainly in j-CAFs

In PC, miR-21 was expressed at significantly higher levels
in j-CAFs than in p-CAFs, l-FBs and s-FBs (Figure 8A-G).
Expression of miR-21 was additionally observed in cancer
cells (Figure 8B) and large nerves (Figure 8C). Weak
miR-21 expression was observed in the ductal epithelia
of the normal pancreas (data not shown).

DISCUSSION
In this study, we examined a panel of immunohisto
chemical and miR markers to identify subpopulations
of CAFs in PC. We defined four different stromal com
partments in resection specimens of PC, two of which
constituted the tumour stroma (the juxtatumoural
and peripheral compartments), whereas the other two
constituted the stroma of the peritumoural pancreatic
parenchyma (the lobular and septal stroma). We found
that the expression of cytoglobin, CD10, DOG1, nestin,
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Figure 5 Tenascin C expression in pancreatic cancer. A: Semi-quantitative mean labelling scores of tenascin C in juxtatumoural extracellular matrix (j-ECM)
= 3.5, peripheral extracellular matrix (p-ECM) = 1.5, lobular extracellular matrix = 2.3, and septal extracellular matrix (s-ECM) = 2.1. Tenascin C is expressed at
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cells are D: present in the juxtatumoural stroma but; E: not in the peripheral stroma. Strong Sirius Red staining in F: j-ECM and G: p-ECM (scale bars, 250 μm). j-ECM:
Juxtatumoural extracellular matrix; p-ECM: Peripheral extracellular matrix; l-ECM: Lobular extracellular matrix; s-ECM: Septal extracellular matrix.

significantly higher levels in j-CAFs and l-FBs than in
p-CAFs. Nestin, however, is a less useful CAF marker
than cytoglobin because a substantial proportion of
nestin expression was observed in endothelial cells.
Therefore, nestin has been considered to be a marker for
[39,40]
angiogenesis in PC with no prognostic significance
.
[41]
Ikenaga et al were the first to demonstrate CD10
expression in aPSCs/CAFs isolated from human PC, both
in vitro and by IHC. They found that only a fraction of
aPSCs expressed CD10 and that high expression of CD10
[41]
was associated with a poor prognosis . Consistent with
our data, the CD10-positive CAFs were predominantly
located in the juxtatumoural stroma.
CD271 expression has previously been described
in CAFs of human PC, which is consistent with our
[42]
findings . High stromal CD271 expression was associa
ted with a favourable prognosis, which was consistent
with another study that showed that high CD271 mRNA
[42,43]
levels were associated with a favourable prognosis
.
Interestingly, CD271-positive CAFs were specifically
located “on the edge rather than the centre of the tu
mours“, which is consistent with our data that demon
strated that CD271 expression was significantly higher
in all other compartments than in the juxtatumoural
[42]
compartment . Recently, a diffuse pattern of CD271 ex
pression was reported in PC, predominantly in the “peri
[29]
lesional compartment” . Notably, the perilesional com
partment seems to include the juxtatumoural as well as
peripheral stroma, indicating that the expression pattern
of CD271 was in accord with our data.

WJG|www.wjgnet.com

The expression of DOG1 in PC has not been fully
elucidated, but one study reported the absence of DOG1
[44]
expression in a majority of PC cases . By IHC, we ob
served no DOG-1 expression in normal pancreas but
weak expression in cancer cells and in j-CAFs. Upregu
lation of DOG1 in PC compared to normal pancreas
was confirmed by qPCR for DOG1 mRNA. In contrast,
it is well known that miR-21 is upregulated in CAFs in
different types of human cancer, including breast and
[45-48]
PC
, which was also observed in this study. We found
that miR-21 was predominantly expressed in j-CAFs
compared to other FB/CAF subtypes. miR-21 expression
was significantly higher in aPSCs/CAFs than in qPSCs
isolated from normal human pancreas, and inhibition
of miR-21 with antisense oligonucleotides decreased
[49]
PSC migration and invasive capacity . Furthermore,
high stromal miR-21 levels were associated with a poor
[48]
prognosis of PC . These findings, taken together with
our data, support the view that j-CAFs, in particular, may
promote PC growth.
Tenascin C is upregulated in PC and chronic pan
[50-52]
creatitis at the mRNA and protein levels
. Esposito
reported that tenascin C was expressed exclusively
around neoplastic glands in PC and the expression
increased from low-grade precursor lesions to invasive
[51]
PC , which is consistent with our findings. However,
the prognostic significance of tenascin C in PC is
questionable, as one study showed tenascin C to be
[53]
[50]
prognostic factor in PC , whereas another did not .
Administration of tenascin C promoted cancer cell growth
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Figure 6 DOG1 gene and DOG1 protein expression in pancreatic cancer. A: Expression of the DOG1 gene was significantly upregulated in pancreatic cancer
compared to normal pancreatic specimens. bP < 0.01; B: Semi-quantitative mean labelling scores of DOG1 in juxtatumoural cancer-associated fibroblasts (j-CAFs)
= 1.8, peripheral cancer-associated fibroblasts (p-CAFs) = 0.1, lobular fibroblasts = 0.6, and septal fibroblasts = 0.6. DOG1 is expressed at significantly higher levels
in j-CAFs than in p-CAFs. cP < 0.001; C: Weak DOG1 expression in spindle-shaped cells in the juxtatumoural stroma. Some adenocarcinoma cells also expressed
DOG1 (scale bar, 50 μm); D: No DOG1 expression was observed in the peripheral stroma (scale bar 100μm). Maspin-positive cancer cells are E: present in the
juxtatumoural stroma (scale bar, 50 μm); but F: not in the peripheral stroma (scale bar, 100 μm). Strong α-smooth muscle actin (α-SMA) expression in G: j-CAFs (scale
bar, 50 μm); and H: p-CAFs (scale bar, 100 μm); I: j-CAFs co-express DOG1 and α-SMA [double-immunofluorescence of α-SMA (green) and DOG1 (red); scale bar,
20 μm]. j-CAFs: Juxtatumoural cancer-associated fibroblasts; p-CAFs: Peripheral cancer-associated fibroblasts; l-FBs: Lobular fibroblasts; s-FBs: Septal fibroblasts;
PC: Pancreatic cancer.
[54]

activation protein (FAP) and exhibited elevated levels of
α-SMA, whereas the remaining CAFs expressed FAP and
[27]
exhibited low levels of α-SMA . In mouse models of PC
and breast cancer, heterogeneous expression of S100A4,
α-SMA, platelet-derived growth factor receptor-beta
(PDGF-Rβ) and neuron-glial antigen 2 (NG2) chondroitin
sulfate proteoglycan in CAFs was reported, but without
[28]
description of the precise localization in the tissue .
Another recent study defined different pancreatic stromal
compartments (periacinar, periductal, inter-/perilobular,
and perilesional) and observed stromal heterogeneity
[29]
in PC and pancreatitis . In particular, α-SMA, tenascin
C, osteonectin and NT-3 were highly expressed in the
perilesional compartment, which is consistent with the
results of the present study.
The use of TMAs in this study allowed us to examine
numerous markers in many PC cores simultaneously
under the same laboratory conditions. However, im
portant information could potentially have been missed
if certain important stromal areas were not included in
the TMAs, which is a possible limitation of this study.
We addressed this challenge by selecting three tissue
cores representing different stromal areas from each

and migration in vitro , and it could be speculated that
a tenascin C-rich stroma is characteristic of a tumour[55]
promoting niche. Hayasaki et al
divided surgical PC
specimens after neoadjuvant therapy (NAT) in high
and low NAT responders. Expression of tenascin C was
significantly higher in low responders than in high re
sponders, indicating that tenascin C may be a marker of
poor response to NAT, supporting the view that j-CAFs
and the ECM produced by these cells promote cancer cell
growth by being involved in an “unholy alliance” with the
[55]
cancer cells .
Reports on whether CAFs act in a tumour-promoting
[56]
or tumour-inhibiting manner are conflicting . Our data
may partly explain these contradictions, as these data
indicate that CAFs do not represent a homogeneous but
rather a heterogeneous population. In 2002, Iacobuzio[26]
Donahue et al
examined the compartmentalized
expression of 12 genes in PC using ISH. Three genes
(MMP11, Apolipoprotein C-1 and Apolipoprotein D) were
[26]
exclusively expressed in the juxtatumoural stroma .
A recent study demonstrated CAF heterogeneity in PC
[27]
using IF and ISH, which was consistent with our data .
CAFs in the juxtatumoural stroma expressed fibroblast
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Figure 8 miR-21 expression in pancreatic cancer. A: Semi-quantitative mean labelling scores of miR-21 in juxtatumoural cancer-associated fibroblasts (j-CAFs) =
2.2, peripheral cancer-associated fibroblasts (p-CAFs) = 0.8, lobular fibroblasts (l-FBs) = 1.0, and septal fibroblasts (s-FBs) = 1.1. miR-21 is expressed at significantly
higher levels in j-CAFs than in p-CAFs, l-FBs and s-FBs. bP < 0.01, cP < 0.001; B: Moderate miR-21 expression in spindle-shaped cells in the juxtatumoural stroma
(insert). Adenocarcinoma cells also expressed miR-21; C: Expression of miR-21 in the peripheral stroma was barely perceptible. Large nerves expressed miR-21
(arrow). Maspin-positive cancer cells are D: present in the juxtatumoural stroma; but E: not in the peripheral stroma. Strong α-smooth muscle actin expression in F:
j-CAFs; and G: p-CAFs (scale bars, 500 μm). j-CAFs: Juxtatumoural cancer-associated fibroblasts; p-CAFs: Peripheral cancer-associated fibroblasts; l-FBs: Lobular
fibroblasts; s-FBs: Septal fibroblasts.
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engineered mouse models. We hypothesize that these conflicting studies could
be explained by CAF heterogeneity in the desmoplastic stroma of PC, with
some CAFs promoting and other CAFs hampering tumour growth.

tumour. We defined four different stromal compartments
in resection specimens of PC. It could be argued that
such a strategy is somewhat simplistic. However, this
strategy provided a framework, enabling us to score
the expression of the biomarkers in these stromal com
partments. It may also be argued that the cut-off dis
tance of 100 μm from the tumour cells to distinguish the
juxtatumoural from the peripheral stroma was arbitrary.
However, the same definition was previously applied
in other studies of the PC stroma, enabling direct com
parison between our data and those of these previous
[30]
studies .
Several studies have demonstrated that the stroma
plays an important role in PC progression and influences
[6,13,21,57]
the effect of conventional CRT
. Hence, modulation
of the stroma, particularly of CAFs responsible for ECM
synthesis, may hold promise for new treatment stra
[57-59]
tegies for PC
. Thus far, these efforts have proven
unsuccessful. Based on data from the present study,
it is tempting to speculate that j-CAFs, located in close
vicinity to cancer cells and characterized by strong
expression of markers such as CD10, cytoglobin, DOG-1,
and miR-21, may promote the proliferation and invasion
of cancer cells, whereas p-CAFs, located at a greater
distance from the cancer cells than j-CAFs and strongly
expressing CD271, may inhibit the growth of cancer cells.
This view is supported by published data that indicate a
negative prognostic value for some of our j-CAF markers,
[41,48]
namely, CD10 and miR-21
, whereas CD271, a p-CAF
[42,43]
marker, held positive prognostic value for PC
. To our
knowledge, this is the first report of cytoglobin expression
in human PC, and future studies should examine whether
this marker holds prognostic value for PC. Future studies
should also examine whether j-CAFs and p-CAFs differ
in their effects on cancer cell growth in vitro. Finally, it is
tempting to speculate that future therapies may aim to
specifically modulate the CAF activity by targeting j-CAFs
and p-CAFs selectively.
In conclusion, our data show that different immune
phenotypic subpopulations of CAFs can be identified
in PC by using a panel of markers such as cytoglobin,
CD271, and miR-21. Further studies are needed to
elucidate whether certain CAF subpopulations in PC hold
prognostic value or have different functional properties.

Research motivation

CAFs are the main effector cells in the desmoplastic reaction in PC. However,
it is currently unclear whether CAFs are promoters or inhibitors of tumour
growth. Extensive effort has been made to design therapies that target the
stromal compartments, including CAFs, in PC, but to date, these efforts have
had limited success. This limited success is highlighted by a continually high
mortality rate among PC patients. Identification of a panel of markers that could
distinguish CAF subtypes would allow researchers to perform subsequent
studies to determine the prognostic significance and precise functional
properties of these subtypes in PC. Further, it could be speculated that future
targeted therapies should be designed to specifically modulate the activity of
certain CAF subtypes in PC.

Research objectives

The present study aimed to determine whether it is possible to identify markers
that can distinguish different immune phenotypic subpopulations of CAFs in
PC. After examining 45 CAF and ECM markers, we found that CD10, CD271,
cytoglobin, DOG1, miR-21, nestin, and tenascin C are significantly differentially
expressed in the juxtatumoural stroma versus the peripheral stroma in PC.
Furthermore, a panel of the markers cytoglobin, CD271, and miR-21 allows the
distinction of juxtatumoural and peripheral CAFs (j-CAFs and p-CAFs) in PC.
Future studies should examine whether j-CAFs and p-CAFs hold prognostic
value and/or have different functional properties in PC.

Research methods

The present study was predominantly based on immunohistochemistry (IHC),
immunofluorescence (IF), double-IF (d-IF), histochemistry, quantitative reverse
transcription PCR (qPCR) and in situ hybridization (ISH). We defined four
different stromal compartments in surgical specimens of PC: the juxtatumoural,
peripheral, lobular and septal stroma. Tissue microarrays were produced that
contained all of the pre-defined compartments. Using a semi-quantitative
4-tiered scoring system, we evaluated the expression of 37 FB markers and
8 ECM markers to evaluate the compartment-specific expression of each
individual marker.

Research results

In this study, we found that CD10, CD271, cytoglobin, DOG1, miR-21, nestin,
and tenascin C exhibited significant differences in expression profiles between
the juxtatumoural and peripheral compartments of the PC stroma. CD10,
cytoglobin, DOG1, miR-21, and nestin were all expressed at significantly higher
levels in j-CAFs than in p-CAFs. Similarly, tenascin C was more abundantly
expressed in juxtatumoural ECM than in peripheral ECM. CD271 was the only
of the examined markers to be expressed at higher levels in p-CAFs than in
j-CAFs. A combination of the markers cytoglobin, CD271, and miR-21 can be
used to identify the different immune phenotypic subpopulations of CAFs in PC.

Research conclusions

In the present study, by using d-IF for multiple combinations of markers
as well as conventional IHC, IF, and ISH, we were able to identify different
immune phenotypic subpopulations of CAFs in the PC stroma. Using
a panel of immunohistochemical biomarkers, we could distinguish two
immunophenotypically different populations of CAFs: Juxtatumoural CAFs
(j-CAFs), which were in very close vicinity to the cancer cells, and peripheral
CAFs (p-CAFs), which were located > 100 μm away from the cancer cells.
Interestingly, some of the markers that we identified to be predominantly
expressed in j-CAFs (CD10, miR-21) have previously been demonstrated to
have negative prognostic value in PC, whereas CD271, a marker that we found
to be expressed mainly in p-CAFs, has been shown to hold positive prognostic
value in PC. These findings may indicate that j-CAFs may be involved in an
“unholy alliance” with the cancer cells, whereas p-CAFs may promote reduction
of tumour growth. Hence, CAF heterogeneity in PC may explain some of the
previously published, seemingly conflicting data regarding the role of CAFs in
PC progression. The findings from this study could indicate that the composition
of CAF subtypes in the desmoplastic stroma of PC could affect the outcomes

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The prognosis of pancreatic cancer (PC) patients remains extremely poor, and
unlike other major forms of cancer, there has been no significant improvement
in survival rates in recent years. This poor prognosis is mainly due to late-stage
diagnosis and limited response to treatment. Hence, continued research into
this devastating disease is urgently needed.
PC is characterized by abundant desmoplasia in the stroma surrounding
the cancer cells. The desmoplastic stroma consists predominantly of the
extracellular matrix (ECM) produced by cancer-associated fibroblasts (CAFs).
The exact role of the desmoplastic stroma in PC progression remains unclear.
Some studies have indicated that high stromal activity had a negative
prognostic impact in resected PC patients, whereas stromal depletion of
the entire fibroblast (FB) population promoted tumour growth in genetically
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of individual patients. Furthermore, in the future, the stromal CAF composition
may possibly be used as a marker to evaluate whether a specific PC patient
might benefit from stroma-modulating therapies.

12

Research perspectives

This study indicates that it is too simplistic to view the CAF population in PC
as a homogeneous cell population. Instead, at least two immune phenotypic
subpopulations of CAFs can be characterized by different biomarker profiles.
Future studies should determine whether the different CAF subpopulations in
PC hold prognostic value or have different functional properties. Furthermore,
CAF heterogeneity could provide an opportunity for the development of
therapies aiming at the modulation of only one CAF subpopulation instead of
targeting the entire CAF population in PC.
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Core tip: G protein-coupled receptor 31 (GPR31) is a
member of the G protein-coupled receptor superfamily
whose biological function remains unclear in colorectal
cancer (CRC). Expression of GPR31 and its prognostic
significance in human CRC have not been studied. The
present study aimed to investigate the expression of
GPR31 and its clinical significance in human CRC. In our
study, high GPR31 expression levels were found to be
correlated with pM classification of CRC and to serve as
an independent predictor of poor survival in patients with
CRC.

Abstract
AIM
To investigate the expression of G protein-coupled re
ceptor 31 (GPR31) and its clinical significance in human
colorectal cancer (CRC).
METHODS
To determine the association between the GPR31 ex
pression and the prognosis of patients, we obtained
paraffin-embedded pathological specimens from 466 CRC
patients who underwent initial resection. A total of 321
patients from the First Affiliated Hospital of Sun Yat-sen
University from January 1996 to December 2008 were
included as a training cohort, whereas 145 patients from
the Sixth Affiliated Hospital of Sun Yat-sen University
from January 2007 to November 2008 were included
as a validation cohort. We examined GPR31 expression
levels in CRC tissues from two independent cohorts via
immunohistochemical staining. All patients were cate
gorized into either a GPR31 low expression group or a
GPR31 high expression group. The clinicopathological
factors and the prognosis of patients in the GPR31 low
expression group and GPR31 high expression group were
compared.

Rong YM, Huang XM, Fan DJ, Lin XT, Zhang F, Hu JC, Tan YX,
Chen X, Zou YF, Lan P. Overexpression of G protein-coupled
receptor 31 as a poor prognosticator in human colorectal cancer.
World J Gastroenterol 2018; 24(41): 4679-4690 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i41/4679.htm
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INTRODUCTION
Based on the statistics of the American Cancer Society
(ACS), colorectal cancer (CRC) has become the second
[1]
common cause of cancer deaths . CRC causes over
600 thousand deaths each year all over the world and
[2,3]
is the fifth common cause of cancer deaths in China .
The incidence rate of CRC is predicted to increase both
[4]
in urban and rural areas in the next few years . The
prognosis of CRC has improved recent years because
of the continued advancements in CRC diagnosis and
[5,6]
treatment . However, many CRC patients are incurable
[7,8]
because of various reasons .
Nowadays, the American Joint Committee on Can
cer (AJCC) staging system is still the gold standard to
predict the prognosis of CRC patients. However, the
AJCC staging system has certain limitations due to the
heterogeneity of CRC. Other reliable biomarkers, which
can provide guidance to the treatment of CRC and help
predict treatment prognosis, have gradually received
[9,10]
interest of clinicians
.
G protein-coupled receptor 31 (GPR31) is a member
of the G protein-coupled receptor (GPCR) superfamily
and has been identified as a target receptor for 12(S)[11]
hydroxyeicosatetraenoic acid [12(S)-HETE] . 12(S)HETE is an eicosanoid product of arachidonate meta
bolism by the enzyme 12-lipoxygenase (12-LOX),
which was first demonstrated by Hamberg and
[12]
Samuelsson . 12(S)-HETE plays an important role in
many physiological and pathological processes, such as
cell growth, adhesion, differentiation, angiogenesis, in
[13-17]
flammation, atherosclerosis and cancer promotion
.
Previous studies have demonstrated that 12(S)-HETE
promotes cell migration during tumor progression by
eliciting a wide variety of physiological and pathological
[18-22]
responses
. It is showed that 12(S)-HETE could

RESULTS
We compared the clinicopathological factors and the
prognosis of patients in the GPR31 low expression group
and GPR31 high expression group. Significant differences
were observed in the number of patients in pM clas
sification between patients in the GPR31 low expression
group and GPR31 high expression group (P = 0.007). The
five-year survival and tumor-free survival rates of patients
were 84.3% and 82.2% in the GPR31 low expression
group, respectively, and both rates were 59.7% in the
GPR31 high expression group (P < 0.05). Results of the
Cox proportional hazard regression model revealed that
GPR31 upregulation was associated with shorter overall
survival and tumor-free survival of patients with CRC (P
< 0.05). Multivariate analysis identified GPR31 expression
in colorectal cancer as an independent predictive factor of
CRC patient survival (P < 0.05).
CONCLUSION
High GPR31 expression levels were found to be corre
lated with pM classification of CRC and to serve as an
independent predictive factor of poor survival of CRC pa
tients.
Key words: G protein-coupled receptor 31; Colorectal
cancer; Predictive factor; Metastasis; Clinical significance
© The Author(s) 2018. Published by Baishideng Publishing
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induce changes of cancer cell cytoskeleton and result in
[23,24]
enhanced tumor invasion and motility
, which in turn
[16]
enhances tumor cell motility . Exogenous addition of
[25-27]
,
12(S)-HETE induces overexpression of proteinases
[28]
[23,29]
vascular endothelial growth factor , integrins
and
[30]
fibronectin in cancer cells, thereby prolonging cell sur
[21,31]
vival
. 12(S)-HETE promotes adhesion of tumor cell
by inducing the nondestructive retraction of monolayers
[32,33]
in endothelial cells
. 12(S)-HETE also promotes tube
formation by enhancing the motility of isolated endo
[34]
thelial cells . The diverse biological effects of this im
portant proinflammatory metabolite suggest that 12(S)HETE potentially acts through a cognate receptor, which
[11]
was identified as GPR31 .
In this present study, we aimed to elucidate the asso
ciation between the expression level of GPR31 and CRC
progression.

(IHC) staining. TMA slides were deparaffinized, rehy
drated, exposed to the antigen retrieval system, endo
genous peroxidase blocked, primary antibody incubated,
stained with diaminobenzidine and counterstained with
hematoxylin according to the methods of our previous
[2]
study . The primary antibody of GPR31 (Santa Cruz
Biotechnology, Inc., Dallas, TX, United States) was used
in a dilution of 1:200.

Evaluation of IHC analysis

Immunoreactivity of GPR31 protein was examined accor
[1,36]
ding to previous studies
. Spots of TMA were scored
ranging from 0 to 3 according to the intensity by two
separated researchers. The percentage of positive cancer
cells was described as 0%, 5%, …, 95%, 100%. The H
score (0 to 300) was determined by calculating the sum
of the product of the intensity score and the proportion of
the corresponding stained area for each intensity score.
The average H score was calculated by two professional
researchers finally.

MATERIALS AND METHODS
Patients

Cut-off point determination

To determine the association between the expression of
GPR31 and the prognosis of CRC patients, we obtained
tissue specimens from 466 CRC patients who underwent
surgery. A total of 321 patients treated at the First Affi
liated Hospital of Sun Yat-sen University (SYSU) from
January 1996 to December 2008 were included as a trai
ning cohort, whereas 145 patients treated at the Sixth Af
filiated Hospital of SYSU from January 2007 to November
2008 were included as a validation cohort. The patients
who underwent initial colorectal resection were included
in this study. Patients who received neoadjuvant therapy
were excluded. Abdominal ultrasonography, chest
X-ray, magnetic resonance imaging (MRI), computed
tomography (CT), bone scans or positron emission tomo
graphy-computed tomography (PET-CT) were performed
to identify tumor recurrence and distant metastasis.
Clinical data including demographics, surgical method,
tumor location, differentiation, TNM status and followup data were collected from the CRC database of each
hospital. MRI and/or CT were used to evaluate the pa
tients at 3, 6, 9, 12, 18 and 24 mo after surgery in the
first two years, and annually after that. The primary end
point of this study was described as the overall survival
(OS) and was defined as the time interval between the
first surgery to clinical death.

Receiver operating characteristic (ROC) curve was used
to determine the cutoff score according to previous
[1,37]
studies
. The H score which met both highest sensi
tivity and highest specificity was determined as the final
cut-off point. Neoplasm tissues were described as “low
expression” if they had scores lower than or equal to the
cutoff point, whereas neoplasm tissues with scores above
the cutoff point were designated as “high expression”.
Clinicopathological features including differentiation, pT
status, pN status, pM status, TNM stage, and survival
were dichotomized for ROC curve analysis, the same as
[1]
our previous study .

Statistical analysis

Relationship between GPR31 protein levels and the clinico
pathological characteristics were analyzed using methods
[1]
according to our previous study : Chi-square test for
categorical variables, Student’s t-test for quantitative
data which meet homogeneity and normality, KaplanMeier curves with a log-rank test for the correlation of
the GPR31 and patient survival, and forward stepwise
method for construction of a multivariate Cox propor
tional hazard regression model. SPSS (v19.0, Chicago,
IL, United States) was used for our statistical analyses.
a
P < 0.05 was considered statistically significant in this
study.

TMA construction and IHC analysis

Tissue microarrays (TMA) were considered as an array
[35]
fashion to facilitate multiplex analysis of histology .
In our study, the TMAs were constructed respectively
by two skilled researchers. During the process of TMA
experiment, the central portion of neoplasm tissue was
selected by two skilled pathologists, after which two
pieces of each sample were picked out and deposited
into the tissue array instrument (Beecher Instruments,
Alphelys, France). TMA blocks were subsequently sliced
into 5-μm thick sections before immunohistochemistry

WJG|www.wjgnet.com

RESULTS
Patient clinical features

The baseline clinical features of the two cohorts were
listed in Table 1. Four hundred and sixty-six patients
with CRC were included for analysis. Three hundred and
twenty-one patients were included in the training cohort
and 145 in the validation cohort. Two hundred and sixtyfive males and 201 females were recruited. There were
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Table 1 Clinicopathological characteristics of patients with different G protein-coupled receptor 31 expression levels in colorectal
cancer n (%)
Variable

GPR31 expression

Age (yr)
Gender
Female
Male
BMI (kg/m2)
Preoperative ileus
Yes
No
CEA (ng/mL)
<5
≥5
CA199 (ng/mL)
< 37
≥ 37
Tumor location
Colon
Rectal
Size (cm)
Histopathology
Adenocarcinoma
Others
Differentiation
Well/moderate
Poor
pT classification
T1/T2
T3/T4
pN classification
N0
N1
pM classification
M0
M1
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Cases
321

Training cohort
Low
High
57.7 ± 14.3
59.6 ± 13.7

148
173
315

89 (60.1)
108 (62.4)
21.1 ± 4.0

59 (39.9)
65 (37.6)
21.5 ± 3.1

25
294

20 (80.0)
177 (60.2)

5 (20.0)
117 (39.8)

200
97

125 (62.5)
61 (62.9)

75 (37.5)
36 (37.1)

218
64

142 (65.1)
38 (59.4)

76 (34.9)
26 (40.6)

156
163
320

93 (59.6)
103 (63.2)
5.1 ± 2.2

63 (40.4)
60 (36.8)
4.9 ± 2.0

283
38

172 (60.8)
25 (65.8)

111 (39.2)
13 (34.2)

271
50

164 (60.5)
33 (66.0)

107 (39.5)
17 (34.0)

P value
0.223
0.674

0.350
0.051

Cases
145

Validation cohort
Low
High
61.6 ± 13.4
64.0 ± 13.1

53
92
71

39 (73.6)
67 (72.8)
21.8 ± 3.1

14 (26.4)
25 (27.2)
22.8 ± 2.2

33
112

26 (78.8)
80 (71.4)

7 (21.2)
32 (28.6)

90
42

66 (73.3)
31 (73.8)

24 (26.7)
11 (26.2)

105
21

77 (73.3)
14 (66.7)

28 (26.7)
7 (33.3)

64
81
143

49 (76.6)
57 (70.4)
4.8 ± 2.0

15 (23.4)
24 (29.6)
4.5 ± 1.7

128
17

95 (74.2)
11 (64.7)

33 (25.8)
6 (35.3)

112
29

84 (75.0)
19 (65.5)

28 (25.0)
10 (34.5)

39
106

35 (89.7)
71 (67.0)

4 (10.3)
35 (33.0)

81
64

60 (74.1)
46 (71.9)

21 (25.9)
18 (28.1)

127
18

97 (76.4)
9 (50.0)

30 (23.6)
9 (50.0)

76
69

58 (76.3)
48 (69.6)

18 (23.7)
21 (30.4)

0.949

0.404

0.464

25 (41.7)
99 (37.9)

194
124

117 (60.3)
78 (62.9)

77 (39.7)
46 (37.1)

298
23

189 (63.4)
8 (34.8)

109 (36.6)
15 (65.2)

188
133

116 (61.7)
81 (60.9)

72 (38.3)
52 (39.1)

0.643

0.007a

0.446
0.406

0.305

0.592
35 (58.3)
162 (62.1)

0.192
0.402

0.534

0.764

60
261

0.324
0.921

0.954

0.399

0.380
0.551

P value

0.006a

0.767

0.885

0.018a

0.360

a

P < 0.05; GPR31: G protein-coupled receptor 31; BMI: Body mass index; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 19-9.

99 early stage patients (stageⅠ or Ⅱ) and 367 advanced
stage patients (stage Ⅲ or Ⅳ). For all cases, the mean
follow-up period was 58.4 mo (range, 0.5 to 123.5 mo).
One hundred and seventy-nine patients died during the
follow-up period. In the training cohort, 173 patients
were male (53.9%) and 148 (46.1%) were female, with
an average age of 58.7 years. Tumors were located in
the colon in 156 (48.6%) patients and the rectum in
163 (50.8%) patients (two patients had no record). The
mean follow-up period was 60.1 mo. In the validation
cohort, 92 (63.4%) patients were male, and 53 (36.6%)
were female, with an average age of 57.3 years. These
patients included 64 (44.1%) colon cancer patients
and 81 (55.9%) rectal cancer patients and had a mean
follow-up period of 55.42 mo.

for each intensity score. ROC curve analysis was used
to figure out the cut-off point of the different patterns
of GPR31 expression. According to the generated ROC
curve, the cut-off point of GPR31 expression levels
was 185. H score more than 185 was categorized as
“high expression”, otherwise it was categorized as “low
expression”. In the training cohort, 124 samples were ca
tegorized as “high expression” and 197 were categorized
as “low expression” based on the H scores. Thirtynine were categorized as “high expression” and 106
were categorized as “low expression” in the validation
cohort. Figure 1 shows the representative IHC staining
for GPR31 in CRC tissue and adjacent normal colorectal
mucosa. Figure 2 shows the corresponding area under
curve (AUC).

Cut-off point of GPR31 expression levels

Correlation between GPR31 level and clinicopathological
characteristics

The H score, ranging from 0 to 300, was determined by
calculating the sum of the product of the intensity score
and the proportion of the corresponding stained area

WJG|www.wjgnet.com

Advanced correlation analyses revealed that GPR31
level was notably associated with pM classification in the
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A

B

C

Figure 1 Immunohistochemistry staining of representative high- and low-G protein-coupled receptor 31-expressing samples of colorectal cancer and
adjacent normal colorectal mucosa. A: High G protein-coupled receptor 31 (GPR31) expression in colorectal cancer (CRC) tissue. The intensity was assigned
a score of 3; B: Low GPR31 expression in CRC tissue. The intensity was assigned a score of 2; C: The corresponding adjacent mucosal tissue stains negative for
GPR31 expression. GPR31: G protein-coupled receptor 31; CRC: colorectal cancer.
b

training cohort (P = 0.007) (Table 1). pT classification
(P = 0.006) and pM classification (P = 0.018) were
significantly different between high- and low-GPR31 ex
pressing patients in the validation cohort, and results
showed that strong GPR31 expression was highly cor
relative with neoplasm metastasis (Table 1).

GPR31 level as a novel prognostic biomarker

In the training cohort, the survival analysis showed that
b
a high GPR31 level was correlated with decreased OS ( P
< 0.001, Figure 3 and Table 2). In addition, the following
clinical characteristics were also identified as prognostic
factors: age (P = 0.010), carcinoembryonic antigen (CEA)
b
( P < 0.001), carbohydrate antigen 19-9 (CA199) (P =
0.010), tumor differentiation (P = 0.001), pT (P = 0.039),
b
b
pN ( P < 0.001) and pM classification ( P < 0.001) (Table
2). Roughly the same results were obtained showing the
prognostic meaning of high GPR31 expression (log-rank,
b
b
P < 0.001 and P < 0.001, Figure 3 and Table 2) in the
validation cohort. Univariate analysis demonstrated that
the undermentioned clinicopathological characteristics no
tably influenced overall patient survival: CEA (P = 0.034),
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b

b

pT ( P < 0.001), pN ( P < 0.001) and pM classification ( P
< 0.001) (Table 2).
In the training cohort, we found that high GPR31 ex
pression levels were correlated with lower disease-free
b
b
survival (DFS) (log-rank, P < 0.001 and P < 0.001,
Figure 3 and Table 3). In addition, DFS was correlated
with age (P = 0.021), CEA (P = 0.001), CA199 (P =
0.014), tumor differentiation (P = 0.002), pT (P = 0.020),
b
b
pN ( P < 0.001) and pM ( P < 0.001) (Table 3). Similar
outcomes were obtained in the validation cohort, in
which high GPR31 expression was found to be correlated
b
b
with decreased DFS (log-rank, P < 0.001 and P < 0.001,
Figure 3 and Table 3). Results of the univariate analysis
b
b
demonstrated that pT ( P < 0.001), pN ( P < 0.001) and
b
pM ( P < 0.001) significantly influenced disease-free
patient survival (Table 3).
GPR31 expression levels and the clinicopathological
characteristics that were found to be significantly asso
ciated above were then examined via multivariate ana
lysis. Multivariate analysis revealed that high GPR31
level was a significant independent prognostic factor for
poor OS [hazard ratio (HR): 1.896; 95% confidence
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Figure 2 Receiver operating characteristic curve analysis used to determine the cutoff value for G protein-coupled receptor 31 expression levels in
colorectal carcinoma. The following sensitivity and specificity parameters for each outcome were plotted. A: Differentiation (AUC = 0.463); B: pT status (AUC = 0.452);
C: pN status (AUC = 0.489); D: pM status (AUC = 0.623); E: Overall survival (AUC = 0.648); F: Disease-free survival (AUC = 0.634). AUC: Area under curve.
[45]

consists of 319 amino acids . GPR31 plays an im
portant role in a variety of physiological and pathological
processes, including inflammation and tumor progres
[45]
sion . GPR31 was first discovered in 1997, but its
critical role as a 12(S)-HETE-specific receptor was first
[11]
identified in 2011 .
12(S)-HETE promotes tumor cell proliferation
and metastasis directly or indirectly. Studies have de
monstrated that 12-LOX upregulation leads to increased
[21]
synthesis of 12(S)-HETE in cancer cells . Treatment
with LOX inhibitors, such as baicalin, can increase the
activity of apoptotic proteases and lead to downregulation
of the Bcl protein. In turn, Bcl downregulation promotes
cell survival by inhibiting the expression of 12-LOX, there
by leading to cell cycle arrest and apoptosis. This effect
[46]
can be reversed by exogenous addition of 12(S)-HETE .
In addition to promoting tumor cell survival, 12(S)HETE can directly promote tumor metastasis by acting
on vascular endothelial cells or inducing PKC-dependent
[16]
cytoskeleton rearrangement . Furthermore, 12(S)HETE can promote the release of cathepsin B, disrupt the
vascular endothelial basement membrane and promote
penetration of blood vessels by tumor cells, thereby
[25,47]
leading to tumor metastasis
. 12(S)-HETE can also
inhibit cadherin E expression, disrupt the lymphatic
endothelial cell membrane and promote the migration
of tumor cells from the lymphatic vessels. Inhibition of
12(S)-HETE can significantly suppress tumor cell lymph

interval (CI): 1.123-3.202; P = 0.017; Table 4] and DFS
(HR: 1.766; 95%CI: 1.069-2.917; P = 0.026; Table
4) after adjusting for tumor differentiation, pT, pN, pM
and TNM stage in the training cohort. Similar outcomes
were obtained in the validation cohort, in which GPR31
expression was found to correlate with OS (HR: 2.254;
95%CI: 1.168-4.349; P = 0.015; Table 4) and DFS (HR:
1.825; 95%CI: 1.001-3.325; P = 0.049; Table 4).

DISCUSSION
Prognostic value of specific biomarkers was found to be
[38-40]
more accurate than that of the AJCC staging system
.
However, cancer heterogeneity limited the use of bio
[41,42]
markers and had produced disagreeing results
. Thus,
large-scale prospective studies are required to validate
the specificity and prognostic value of biomarkers.
G protein-coupled receptors (GPCRs) belong to a
superfamily of the cell surface signaling proteins and
are found only in eukaryotes. GPCRs mediate biological
effects by coupling with G proteins. Currently, GPCRs are
the target of approximately 40% of all modern medicinal
[43,44]
drugs
. As a result, the molecular mechanisms and
functions of GPCRs have been a hotspot in biomedical
research.
G-protein coupled receptor 31 (GPR31), also known
as 12(S)-HETE receptor, is a protein encoded by the
GPR31 gene that is located on chromosome 6q27 and
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Figure 3 Survival curves for the training and validation cohorts according to G protein-coupled receptor 31 expression (log-rank test). A: Overall survival
of the training cohorts: Low G protein-coupled receptor 31 (GPR31) expression, n = 197; high GPR31 expression, n = 124 (P < 0.001); B: Overall survival of the
validation cohort: low GPR31 expression, n = 106; high GPR31 expression, n = 39 (P < 0.001); C: Disease-free survival of the training cohorts (P < 0.001); D:
Disease-free survival of the validation cohorts (P < 0.001). GPR31: G protein-coupled receptor 31.
[48,49]

activates NF-κB by activating mitogen-activated protein
kinases (MAPKs)/c-Jun N-terminal kinases (JNK)/ERK
[11]
signaling . NF-κB signaling pathways influence tumor
cell invasion and angiogenesis by regulating a variety
of tumor metastasis or invasion-related genes and cyto
kine expression, including matrix metalloproteinases,
urokinase-type plasminogen activator (UPA), interleukin
(IL)-8, inflammatory mediators of intercellular adhesion
molecules, monocyte chemokines and cyclooxygenase-2
[53]
(COX-2) .
Results of the present study showed that GPR31
expression in colorectal cancer tissue was significantly
higher than that in normal mucosa and that GPR31 ex
pression levels are closely related to distant metastasis
of tumors, which are consistent with findings reported in
[54]
previous studies . Further univariate and multivariate
analyses showed that patients with high GPR31 expres
sion had a worse prognosis and decreased OS and DFS
than patients that exhibited low GPR31 expression.
These results indicate that GPR31 is a critical prognostic
factor of OS and DFS in CRC patients and suggest that
GPR31 is closely related to the occurrence, development
and prognosis of CRC. And GPR31 may become a novel

node metastasis
.
GPR31 is a specific receptor for 12(S)-HETE. A study
[11]
by Guo et al
of prostate cancer showed that 12(S)HETE promotes invasion by tumor cells by specifically
targeting GPR31. In vitro studies have revealed that
activation of the 12(S)-HETE/GPR31 signaling pathway
is a crucial factor that determines tumor invasion and
[26,50]
metastasis
.
Previous studies have shown that 12(S)-HETE
can activate the extracellular signal regulated kinase
(ERK)1/2, mitogen-activated protein kinase kinase
(MEK) and nuclear factor kappa-light-chain-enhancer
[19,22,51]
of activated B cells (NF-κB) signaling pathways
[11]
by specifically binding to GPR31 . GPR31 upregulation
enhances the activation of ERK1/2, MEK and NFκB via 12(S)-HETE, whereas GPR31 suppression can
completely inhibit 12(S)-HETE-mediated activation of
these signaling pathways. The ERK1/2, MEK and NF-κB
pathways are involved in most human physiological and
pathological processes and serve as important regulatory
factors affecting immune and inflammatory processes.
[52]
Moreover, NF-κB is an important tumor promoter .
12(S)-HETE binds to GPR31 on the cell membrane and
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Table 2 Univariate analysis of G protein-coupled receptor 31 expression and clinicopathologic variables on overall survival
Variable

Training cohort
All cases

Age (yr)
< 58.4
≥ 58.4
Gender
Female
Male
BMI (kg/m2)
< 21.4
≥ 21.4
Preoperative ileus
Yes
No
CEA (ng/mL)
<5
≥5
CA199 (ng/mL)
< 37
≥ 37
Tumor location
Colon
Rectal
Size (cm)
< 5.0
≥ 5.0
Histopathology
Adenocarcinoma
Others
Differentiation
Well/moderate
Poor
pT classification
T1/T2
T3/T4
pN classification
N0
N1
pM classification
M0
M1
GPR31 expression
Low
High

Hazard ratio (95%CI)

Validation cohort

P value

All cases

Hazard ratio (95%CI)

0.010a
153
168

1.0
1.832 (1.158-2.898)

148
173

1.0
1.053 (0.680-1.631)

159
154

1.0
0.980 (0.927-1.036)

25
294

1.0
1.438 (0.716-2.890)

200
97

1.0
2.435 (1.509-3.927)

218
64

1.0
1.988 (1.179-3.351)

156
163

1.0
1.250 (0.818-1.910)

156
164

1.0
1.230 (0.793-1.907)

283
38

1.0
1.671 (0.922-3.031)

271
50

1.0
2.363 (1.435-3.890)

60
261

1.0
2.079 (1.038-4.163)

194
124

1.0
2.293 (1.471-3.576)

298
23

1.0
9.857 (5.825-16.680)

197
124

1.0
2.888 (1.844-4.523)

P value
0.054

1.0
1.937 (0.987-3.800)
0.817

0.933
1.0
1.026 (0.562-1.874)

0.474

0.959
1.0
1.026 (0.394-2.673)

0.07

0.77
1.0
0.901 (0.449-1.810)

< 0.001b

0.034a

1
1.919 (1.050-3.508)

0.010a

0.279
1.0
1.504 (0.719-3.148)

0.303

0.911
1
0.968 (0.545-1.720)

0.355

0.193
1.0
0.654 (0.345-1.239)

0.091

0.537
1.0
1.311 (0.556-3.090)

0.001a

0.07
1.0
1.811 (0.952-3.443)

0.039a

1.0
7.055 (2.191-22.722)

< 0.001b

1.0
3.130 (1.716-5.709)

< 0.001b

1.0
5.212 (2.764-9.828)

< 0.001b

0.001a

< 0.001b

< 0.001b

< 0.001b

1.0
3.413 (1.920-6.066)

a

P < 0.05; bP < 0.001; CI: Confidence interval; GPR31: G protein-coupled receptor 31; BMI: Body mass index; CEA: Carcinoembryonic antigen; CA199:
Carbohydrate antigen 19-9.

biomarker and therapeutic target for CRC. Although few
studies have discussed the role of GPR31 in tumors, it is
reasonable to believe that GPR31 plays a key regulatory
role in tumor development and progression by mediating
a specific “switch” effect by 12(S)-HETE. Further studies
are warranted to elucidate the detailed mechanisms
underlying GPR31 function, specifically the molecular
mechanisms by which GPR31 expression affects carcino
genesis process, such as tumor proliferation, differen
tiation, migration and invasion in CRC.
There are some limitations in this study. In order to
study the clinical value and role of GPR31 in CRC more
accurately, patients were divided into a training cohort
and a validation cohort for analysis. However, due to
the small sample size, relatively long sample age, poor
storage conditions, single research center and other
factors, the results still need further verification.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

G protein-coupled receptor 31 (GPR31) plays an important role in a variety of
physiological and pathological processes, including inflammation and tumor
progression. In this present study, we aimed to elucidate the association
between the expression level of GPR31 and colorectal cancer (CRC)
progression.

Research motivation

12(S)-hydroxyeicosatetraenoic acid [12(S)-HETE] plays an important role in
cancer promotion. It potentially acts through GPR31. We aimed to elucidate
the association between the expression level of GPR31 and CRC progression.
We expect GPR 31 as one of reliable biomarkers can provide guidance to the
treatment of CRC and help predict treatment prognosis.

Research objectives

GPR31 is a critical prognostic factor of overall survival and disease-free survival

4686

November 7, 2018|Volume 24|Issue 41|

Rong YM et al . Prognostic value of GPR31 in CRC
Table 3 Univariate analysis of G protein-coupled receptor 31 expression and clinicopathologic variables on disease-free survival
Variable

Training cohort
All cases

Age (yr)
< 58.4
≥ 58.4
Gender
Female
Male
BMI (kg/m2)
< 21.4
≥ 21.4
Preoperative ileus
Yes
No
CEA (ng/mL)
<5
≥5
CA199 (ng/mL)
< 37
≥ 37
Tumor location
Colon
Rectal
Size (cm)
< 5.0
≥ 5.0
Histopathology
Adenocarcinoma
Others
Differentiation
Well/moderate
Poor
pT classification
T1/T2
T3/T4
pN classification
N0
N1
pM classification
M0
M1
GPR31 expression
Low
High

Hazard ratio (95%CI)

Validation cohort

P value

All cases

Hazard ratio (95%CI)

0.021a
153
168

1.0
1.683 (1.082-2.619)

148
173

1.0
0.955 (0.624-1.462)

159
154

1.0
0.977 (0.926-1.030)

25
294

1.0
1.299 (0.647-2.607)

200
97

1.0
2.233 (1.400-3.563)

218
64

1.0
1.920 (1.143-3.225)

156
163

1.0
1.416 (0.934-2.147)

156
164

1.0
1.316 (0.857-2.022)

283
38

1.0
1.617 (0.894-2.924)

271
50

1.0
2.200 (1.342 -3.607)

60
261

1.0
2.269 (1.135-4.537)

194
124

1.0
2.228 (1.446-3.434)

298
23

1.0
8.856 (5.259-14.913)

197
124

1.0
2.576 (1.671-3.969)

P value
0.182

1.0
1.481 (0.832-2.636)
0.832

0.959
1.0
0.986 (0.573-1.697)

0.388

0.938
1.0
1.035 (0.431-2.488)

0.461

0.925
1.0
0.971 (0.524-1.800)

0.001a

0.057
1.0
1.709 (0.985-2.966)

0.014a

0.415
1.0
1.334 (0.668-2.666)

0.101

0.199
1.0
0.713 (0.425-1.195)

0.210

0.686
1.0
0.893 (0.514-1.549)

0.112

0.108
1.0
1.793 (0.879-3.658)

0.002a

0.069
1.0
1.732 (0.958-3.132)

0.020a

1.0
9.173 (2.867-29.350)

< 0.001b

1.0
2.667 (1.567-4.538)

< 0.001b

1.0
5.210 (2.895-9.375)

< 0.001b

0.001a

< 0.001b

< 0.001b

< 0.001b

1.0
3.277 (1.942-5.530)

a

P < 0.05; bP < 0.001; CI: Confidence interval; GPR31: G protein-coupled receptor 31; BMI: Body mass index; CEA: Carcinoembryonic antigen; CA199:
Carbohydrate antigen 19-9.

in CRC patients and is closely related to the occurrence, development and
prognosis of CRC. GPR31 may become a novel biomarker and therapeutic
target for CRC.

expression had a worse prognosis and decreased overall survival and diseasefree survival than patients that exhibited low GPR31 expression.

Research methods

We found that GPR31 was closely related to the occurrence, development,
and prognosis of CRC. And GPR31 may become a novel biomarker and
therapeutic target for CRC. Although few studies have discussed the role of
GPR31 in tumors, it is reasonable to believe that GPR31 plays a key regulatory
role in tumor development and progression by mediating a specific “switch”
effect by 12(S)-HETE. Further studies are warranted to elucidate the detailed
mechanisms underlying GPR31 function, specifically the molecular mechanisms
by which GPR31 expression affects carcinogenesis process, such as tumor
proliferation, differentiation, migration and invasion in CRC.

Research conclusions

We obtained paraffin-embedded pathological specimens from 466 CRC
patients. And we examined GPR31 expression levels in CRC tissues from
two independent cohorts via immunohistochemical staining. All patients were
categorized into either the GPR31 low expression group or GPR31 high
expression group. The clinicopathological factors and the prognosis of patients
in the GPR31 low expression group and GPR31 high expression group were
compared.

Research results

Research perspectives

Results of the present study showed that GPR31 expression in colorectal
cancer tissue was significantly higher than that in normal mucosa and that
GPR31 expression levels are closely related to distant metastasis of tumors,
which are consistent with findings reported in previous studies. Further
univariate and multivariate analyses showed that patients with high GPR31

WJG|www.wjgnet.com

High GPR31 expression levels were found to be correlated with pM
classification of CRC and to serve as an independent predictive factor of poor
survival of CRC patients. Further in vivo and in vitro experiments should be
done to elucidate the molecular mechanisms by which GPR31 expression
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Table 4 Cox multivariate analysis of prognostic factors on overall survival and disease-free survival
Variable

Training cohort

Overall survival
Age (≥ 58.4 vs < 58.4)
CEA, ng/mL (≥ 5 vs < 5)
CA199, ng/mL (≥ 37 vs < 37)
Differentiation (poor vs well/moderate)
pT classification (T3/T4 vs T1/T2)
pN classification (N1 vs N0)
pM classification (M1 vs M0)
GPR31 expression (high vs low)
Disease-free survival
Age (≥ 58.4 vs < 58.4)
CEA, ng/mL (≥ 5 vs < 5)
CA199, ng/mL (≥ 37 vs < 37)
Differentiation (poor vs well/moderate)
pT classification (T3/T4 vs T1/T2)
pN classification (N1 vs N0)
pM classification (M1 vs M0)
GPR31 expression (high vs low)

Validation cohort

Hazards ratio

95%CI

P value

Hazards ratio

95%CI

P value

2.344
2.236
1.382
1.913
1.489
1.855
11.836
1.896

1.365-4.025
1.284-3.894
0.780-2.448
1.045-3.503
0.619-3.581
1.116-3.084
5.801-24.148
1.123-3.202

0.002a
0.004a
0.267
0.036a
0.374
0.017a
< 0.001b
0.017a

1.722
1.437
1.189
0.940
7.890
2.210
2.706
2.254

0.788-3.760
0.745-2.773
0.543-2.604
0.420-2.103
1.028-60.588
1.059-4.613
1.307-5.604
1.168-4.349

0.173
0.279
0.665
0.880
0.047a
0.035a
0.007a
0.015a

2.003
1.965
1.459
1.609
1.749
1.809
10.233
1.766

1.200-3.344
1.147-3.366
0.824-2.585
0.884-2.929
0.719-4.254
1.108-2.953
5.128-20.420
1.069-2.917

0.008a
0.014a
0.195
0.119
0.218
0.018a
< 0.001b
0.026a

1.159
1.247
1.103
0.881
13.092
1.787
2.741
1.825

0.598-2.247
0.686-2.267
0.529-2.300
0.424-1.830
1.738-98.636
0.936-3.412
1.408-5.334
1.001-3.325

0.661
0.469
0.794
0.734
0.013*
0.079
0.003a
0.049a

P < 0.05; bP < 0.001; CI: Confidence interval; GPR31: G protein-coupled receptor 31; BMI: Body mass index; CEA: Carcinoembryonic antigen; CA199:
Carbohydrate antigen 19-9.
a

affects carcinogenesis process, such as tumor proliferation, differentiation,
migration and invasion in CRC.
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pancreatography (ERCP) adverse events (AEs).

Sawas T, Bazerbachi F, Haffar S, Cho WK, Levy MJ, Martin
JA, Petersen BT, Topazian MD, Chandrasekhara V, Abu Dayyeh
BK. End-stage renal disease is associated with increased post
endoscopic retrograde cholangiopancreatography adverse
events in hospitalized patients. World J Gastroenterol 2018;
24(41): 4691-4697 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i41/4691.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4691

METHODS
We performed a retrospective cohort study using the
Nationwide Inpatient Sample (NIS) 2011-2013. We iden
tified adult patients who underwent ERCP using the Inter
th
national Classification of Diseases 9 Revision (ICD-9-CM).
Included patients were divided into three groups: ESRD,
chronic kidney disease (CKD), and control. The primary
outcome was post-ERCP AEs including pancreatitis, blee
ding, and perforation determined based on specific ICD9-CM codes. Secondary outcomes were length of hospital
stay, in-hospital mortality, and admission cost. AEs and
mortality were compared using multivariate logistic re
gression analysis.

INTRODUCTION
End-stage renal disease (ESRD) is an increasing, highly
prevalent public health problem for which 660000
Americans are being treated. Of these, 468000 are on
[1]
dialysis . Patients with ESRD have increased bile cho
[2]
lesterol levels, high saturation index in the bile , and
subsequently increased risk for gallstone formation. In
addition, they are more prone to cholestasis secondary
[3,4]
to autonomic dysfunction in uremia . Endoscopic retro
grade cholangiopancreatography (ERCP) is a safe, mini
mally invasive approach for pancreaticobiliary disease
management. The American Society for Gastrointestinal
Endoscopy (ASGE) recently updated their guidelines
[5]
on adverse events (AEs) associated with ERCP . This
guideline emphasized the importance of recognizing risk
factors for ERCP-related complications, careful patient
selection, and targeted maneuvers to reduce the risk of
AEs. We hypothesized that ESRD might be a risk factor
associated with higher ERCP-related AEs. Prior data
have shown a higher risk of perforation during other
endoscopic procedures such as colonoscopy among
[6]
ESRD patients . Chronic kidney disease (CKD) is a
proven predictor of mortality in upper gastrointestinal
[7,8]
bleeding . However, there are limited published data
evaluating AEs of ERCP in ESRD and CKD. Determining
whether ESRD is a risk factor for ERCP-related AEs
would guide endoscopists in efforts to undertake focused
interventions to reduce the incidence of these AEs. The
aim of our study was to evaluate ERCP-related AEs in
ESRD and CKD, using a large national cohort.

RESULTS
There were 492175 discharges that underwent ERCP
during the 3 years. The ESRD and CKD groups contained
7347 and 39403 hospitalizations respectively, whereas
the control group had 445424 hospitalizations. Post-ERCP
pancreatitis (PEP) was significantly higher in the ESRD
group (8.3%) compared to the control group (4.6%)
a
with adjusted odd ratio (aOR) = 1.7 (95%CI: 1.4-2.1, P
< 0.001). ESRD was associated with significantly higher
ERCP-related bleeding (5.1%) compared to the control
a
group 1.5% (aOR = 1.86, 95%CI: 1.4-2.4, P < 0.001).
ESRD had increased hospital mortality 7.1% vs 1.15% in
a
the control OR = 6.6 (95%CI: 5.3-8.2, P < 0.001), longer
hospital stay with adjusted mean difference (aMD) = 5.9 d
a
(95%CI: 5.0-6.7 d, P < 0.001) and higher hospitalization
a
charges aMD = $+82064 (95%CI: $68221-$95906, P <
0.001).
CONCLUSION
ESRD is a risk factor for post-ERCP AEs and is associated
with higher hospital mortality. Careful selection and close
monitoring is warranted to improve outcomes.
Key words: End-stage renal disease; Nationwide Inpatient
Sample; Endoscopic retrograde cholangiopancreatography
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Recognizing risk factors for endoscopic retrograde
cholangiopancreatography (ERCP)-related complications
is essential to reduce adverse events (AEs). There are
limited data evaluating ERCP outcomes in renal disease.
In a retrospective cohort study using the Nationwide
Inpatient Sample 2011-2013 and including 492175 dis
charges, we compared inpatient ERCP AEs, mortality and
length of stay between patients with and without renal
disease. We found end-stage renal disease (ESRD) to
be associated with higher post ERCP pancreatitis [8.3%,
a
adjusted odd ratio (aOR) = 1.7, P < 0.001], bleeding
a
(5.1%, aOR = 1.86, P < 0.001), mortality (7.1%, aOR
a
a
= 6.6, P < 0.001) and longer hospital stay (5.9 d, P <
0.001). Physicians should consider special interventions in
ESRD patients to decrease ERCP AEs.

WJG|www.wjgnet.com

Data source and study population

We used the Nationwide Inpatient Sample (NIS) years
2011 through 2013 to conduct a cohort study. These
years were chosen since they were the most recent years
available at the time we conducted the analysis. The NIS
is the largest all-payer inpatient database in the United
States. Each year contains over 7 million inpatients
regardless of their insurance from all community hospi
tals, excluding rehabilitation and long-term acute care
hospitals, participating in the Healthcare Cost and Utili
zation Project (HCUP), sponsored by the Agency for
Healthcare Research and Quality. The quality control
procedures performed by HCUP have demonstrated relia
bility and accuracy, specifically pertaining to the principal
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Table 1 Baseline characteristics of 492175 nationally estimated discharges in the Nationwide Inpatient Sample from 2011 to
2013 who underwent endoscopic retrograde cholangiopancreatography comparing end-stage renal disease and chronic kidney
disease to control group without renal disease n (%)

Age, mean (SE), yr
Female
Race
White
Black
Hispanic
Asian/Pacific Islander
Native American
Other
Missing
Charlson comorbidity index
0
1
2
>2
Coagulopathy
ERCP indication
Diagnostic
Therapeutic
Health insurance
Medicare
Medicare
Private
Self-pay
Others

ESRD, n = 7347

Control, n = 445424

P value

CKD, n = 39403

P value

65.5 (0.42)
3477 (47.3)

58 (0.12)
271300 (61)

< 0.001
< 0.001
< 0.001

75.35 (0.18)
17626 (44.7)

< 0.001
< 0.001
< 0.001

3221 (43.8)
1520 (20.7)
1467 (20)
454 (6.2)
105 (1.4)
235 (3.2)
344 (4.7)

280738 (63)
36875 (8.3)
68492 (15.4)
14081 (3.2)
2828 (0.6)
14928 (3.3)
27483 (6.2)

0
0
975 (13.3)
6372 (86.7)
668 (9)

203229 (45.6)
104584 (23.5)
55808 (12.5)
81804 (18.4)
15102 (3.4)

1990 (27)
5257 (73)

102074 (22.9)
343350 (77.1)

5655 (77)
923 (9.9)
827 (11.3)
40 (0.5)
92 (1.3)

189044 (42.7)
59219 (13.4)
142807 (32.3)
32785 (7.4)
18822 (4.2)

26905 (68.3)
3517 (8.9)
3729 (9.5)
1466(3.7)
185 (0.5)
982 (2.5)
2619 (6.6)
< 0.001

< 0.001
< 0.001

< 0.001
0 (0)
0 (0)
6417 (16.3)
32986 (83.7)
2633 (6.7)

< 0.001
< 0.001

9493 (24.1)
29910 (75.9)
< 0.001

< 0.001
31759 (80.7)
1718 (4.4)
4766 (12)
463 (1.2)
670 (1.7)

ESRD: End-stage renal disease; CKD: Chronic kidney disease; ERCP: Endoscopic retrograde cholangiopancreatography.

diagnoses and dates of hospitalization. The year 2011
contained a 20% sample of the participating state’s
hospitals then included all discharges from the selected
hospitals. However, the sampling design was changed
in the year 2012 and after to include a 20% sample of
discharges from each hospital participating in HCUP from
each state. We applied the trend weights provided by the
NIS to combine the datasets from 2011 through 2013.
The NIS data includes demographic variables (age, sex,
race), up to 25 primary and secondary diagnoses, up to
15 primary and secondary procedures, hospital charges,
and length of stay.
We included hospitalized patients age 18 years or
older who underwent ERCP during their hospital stay. Dis
charges were identified using International Classification
th
of Diseases 9 Revision (ICD-9-CM) for the ERCP
[9]
procedure codes (Supplementary Table 1). Included
adult patients were divided into three groups using the
ICD-9-CM codes. Study group 1 included patients with
ESRD on dialysis; study group 2 included patients with
CKD not on dialysis regardless of their stage. The control
group was composed of patients without CKD or ESRD
(Supplementary Table 2).

secondary diagnosis as indications (DX 1 and 2) and the
subsequent diagnoses (DX 3-25) as AEs (Supplementary
Table 3). Patients with primary or secondary diagnosis of
acute pancreatitis were classified as acute pancreatitis
not related to ERCP. Whereas, patients with acute pan
creatitis codes from DX3-25 who did not have acute
pancreatitis code in DX1 and 2 were considered postERCP pancreatitis (PEP). This method was used and
[9,10]
validated in prior studies
. Based on this methodology,
the estimated percentage of PEP in this database was
4.8%, which is similar to the incidence previously re
[11,12]
ported in the literature
. Based on this we felt that
the methodology accurately captured PEP. We assessed
the severity of pancreatitis by respiratory and circulatory
failure using the ICD-9 codes (Supplementary Table 3).
Length of hospital stay, hospital mortality, and cost were
provided by the NIS data. Charlson comorbidity index
(CCI) was calculated and used to account for other co
morbidities, as this has been demonstrated to be a wellvalidated measure of comorbidity adjusting for disease
[13]
burden in administrative data . We excluded CKD
from CCI to avoid accounting for it twice in the adjusted
analysis. However, we kept the full CCI score in the
descriptive data (Table 1). CCI scores ranged from 0 to
17, with higher numbers representing a greater comor
bidity burden. We also performed a subgroup analysis
based on ERCP indication (diagnostic and therapeutic).

Outcome assessment

The primary outcome was post-ERCP AEs including postERCP pancreatitis, bleeding, and perforation. Secondary
outcomes were length of hospital stay, in-hospital mor
tality, and admission cost. We isolated ERCP AEs from
admission diagnosis by considering the primary and

WJG|www.wjgnet.com

Statistical analysis

Baseline characteristics were presented as a percentage
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Table 2 In-hospital complications after endoscopic retrograde cholangiopancreatography from 2011 to 2013 based on data from
the Nationwide Inpatient Sample comparing end-stage renal disease to controls n (%)
Type of complications

ESRD

Death
Pancreatitis
Bleeding
Perforation
Length of hospital stay, mean days (SE)

n = 7347

n = 445424

Control

Crude
OR/MD (95%CI)

Adjusted
OR/MD (95%CI)

Adjusted
P value

526 (7.1)
611 (8.3)
377 (5.1)
14 (0.2)
13 (0.46)

5138 (1.15)
20315 (4.6)
6546 (1.5)
340 (0.07)
6 (0.03)

6.6 (5.3-8.2)
1.9 (1.6-2.3)
3.6 (2.86-4.59)
2.6 (0.8–8.4)
7.2 (6.4-8.0)

3.7 (2.9–4.6)
1.7 (1.4-2.1)
1.86 (1.4-2.4)
3 (0.86–10.00)
5.9 (5.0-6.7)

< 0.001
< 0.001
< 0.001
0.08
< 0.001

ERCP: Endoscopic retrograde cholangiopancreatography; OR: Odd ratio; MD: Mean difference.

patients (mean age: 58 ± 0.12 years) and more women
61% compared to ESRD (mean age: 65.5 ± 0.42,
females: 47.3%), and CKD (mean age: 75.35 ± 0.18,
females: 44.7%).
Renal disease groups had higher CCI scores with
over 80% of patients carrying a CCI > 2 compared to
a
18.4% with high CCI in the control group ( P < 0.001).
Therapeutic intervention was the major indication
for ERCP (> 70%) in all three groups. The majority
of discharges in the ESRD and CKD were covered by
Medicare insurance (71% and 81% respectively). In
contrast, patients in the control group were divided
among different types of health insurance, with a higher
proportion covered by private insurance at 33%.

Hospital mortality

Perforation

Control
CKD
ESRD

Bleeding

PEP
0          1

  2             3    4     5          6

   7

      8

   9

      10

(%)

Figure 1 Bar diagram of post endoscopic retrograde cholangio
pancreatography adverse events and hospital mortality percentages
between end-stage renal disease, chronic kidney disease, and control.
CKD: Chronic kidney disease; ESRD: End-stage renal disease; PEP: Post
endoscopic retrograde cholangiopancreatography pancreatitis.

Post-ERCP AEs

PEP was significantly higher in the ESRD group (8.3%)
compared to the control group (4.6%) with adjusted OR
a
(aOR) = 1.7 (95%CI: 1.4-2.1, P < 0.001). The CKD
group also had higher association with PEP (6.8% vs
a
4.6; aOR = 1.5, 95%CI: 1.3-1.7, P < 0.001). Among
discharges who developed PEP, the severity of the pan
creatitis was worse among the ESRD and CKD group.
More patients in the ESRD and CKD group with PEP re
quired mechanical ventilation compared to the control
a
group with aOR = 2.8 (95%CI: 1.7-4.9, P < 0.001) and
a
aOR = 1.5 (95%CI: 1.1-2.1, P = 0.01), respectively.
There was no difference in developing hypotension be
tween the ESRD aOR = 1.4 (95%CI: 0.6-3.3, P = 0.5)
or CKD aOR = 1.4 (95%CI: 0.9-2.3, P = 0.13) and the
control group.
Additionally, ESRD was associated with significantly
higher ERCP-related bleeding (5.1%) compared to the
a
control group 1.5% (aOR = 1.86, 95%CI: 1.4-2.4, P <
0.001) (Figure 1, Table 2). The CKD group had higher
bleeding compared to the control group (3.7% vs 1.5%;
a
aOR = 1.4, 95%CI: 1.2-1.6, P < 0.001). Among the
patients with ERCP-related bleeding, 51% of the ESRD
and 46% of the CKD group required packed red blood
(PRBC) transfusion compared to 40.5% in the control
group (P = 0.1 and 0.13).
There was no significant difference in perforation
between the ESRD 0.2% or CKD group 0.1% and the
control group 0.07% (aOR = 3, 95%CI: 0.86-10.00,
P = 0.08) and (aOR = 1.36, 95%CI: 0.6-3.2, P = 0.5)
respectively. Among discharges who had perforation,

and mean (standard error) and compared using Chisquare test for nominal variables and the Student’s
t-test for continuous ones. AEs were compared using
univariate and multivariate logistic regression analysis
for dichotomous outcomes and linear regression for
continuous outcomes. Odds ratios (ORs) and mean dif
ferences (MDs) were reported as crude and adjusted
values controlling for baseline characteristics, which
included age, sex, race, CCI, procedure indication, and
health insurance. Discharge-levels sampling weights
available in the database were applied to obtain national
estimates representing discharges from all United States
community hospitals. A trend weight was applied in the
2011 database to combine it with the 2012 and 2013
databases given the changes in the NIS survey design.
Variables with more than 5% missing values were
a
assigned a missing indicator level. A 2-sided P-value <
0.05 was considered statistically significant. All statistical
analyses were performed using STATA 14.0 (StataCorp,
College Station, TX, United States)

RESULTS
We identified 492175 discharges who underwent ERCP
during the 3 years on the nationwide level. The ESRD
and CKD groups contained 7347 and 39403 hospita
lizations respectively, whereas the control group had
445424 hospitalizations. Baseline characteristics are
shown in Table 1. The control group included younger
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Table 3 In-hospital complications after endoscopic retrograde cholangiopancreatography from 2011 to 2013 based on data from
the Nationwide Inpatient Sample comparing chronic kidney disease to controls n (%)
Type of complications
Death
Pancreatitis
Bleeding
Perforation
Length of hospital stay, mean days (SE)

n = 39403

CKD

n = 445424

Control

Crude
OR/MD (95%CI)

Adjusted
OR/MD (95%CI)

Adjusted
P value

1176 (3)
750 (6.8)
1454 (3.7)
43 (0.1)
8.5 (0.11)

5138 (1.15)
20315 (4.6)
6546 (1.5)
340 (0.07)
6 (0.03)

2.6 (2.3-3.0)
1.5 (1.3-1.6)
2.56 (2.25–2.90)
1.4 (0.7–2.9)
2.45 (2.24-2.67)

1.3 (1.14-1.55)
1.5 (1.3-1.7)
1.4 (1.2-1.6)
1.36 (0.6–3.2)
1.4 (1.20-1.65)

0.001
< 0.001
< 0.001
0.5
< 0.001

CKD: Chronic kidney disease; OR: Odd ratio; MD: Mean difference.

34.6% needed surgical intervention in the ESRD com
pared to 12.6% in the control group (P = 0.5).

responsible for significant portion of the higher cost in
the ESRD. CKD patients incurred higher hospital charges
$83714 per discharge (SE: $1821) with aMD: $14482
compared to the control group (95%CI: $11531- $17432,
a
P < 0.001).

Secondary outcomes

Hospital mortality was significant higher in the ESRD
group compared to the control group (7.1% vs 1.15%;
a
OR = 6.6, 95%CI: 5.3-8.2, P < 0.001). Multivariate
analysis controlling for other confounders, which could
influence hospital mortality showed persistent higher
hospital mortality in the ESD group (aOR = 3.7; 95%CI:
a
2.9-4.6, P < 0.001) (Table 2). CKD was associated
with higher hospital mortality as well, but to a lesser
a
magnitude 3% with OR: 2.6 (95%CI: 2.3-3.0, P <
0.001). Controlling for confounders, the hospital mor
a
tality aOR was 1.3 (95%CI: 1.14-1.6, P < 0.001).
Other predictors of higher hospital mortality from the
multivariate analysis included age (aOR = 1.03 for each
a
a
year, P < 0.001), males (aOR = 1.2, P < 0.001), black
a
(aOR = 1.2 vs white, P < 0.001), higher CCI (aOR = 8.1
a
for CCI > 2 compared to CCI = 0, P < 0.001) and post
a
ERCP AEs (aOR = 3.2, P < 0.001). Hospital mortality
among patients who developed post ERCP AEs, was sig
nificantly higher in the ESRD group (8%) compared to
the control group who developed post ERCP AEs (2.5%),
with an OR = 3.3 (95%CI: 1.5-7.1) and aOR = 2.7
a
(95%CI: 1.15-16.30, P = 0.02).
Length of hospital stay was significantly longer in the
ESRD group with mean length of stay of 13.00 ± 0.46 d
compared to 6.00 ± 0.03 d in the control, and adjusted
a
mean difference (aMD) = 5.9 d (95%CI: 5.0-6.7 d, P <
0.001) (Table 2). The CKD group had significantly longer
hospital stay with mean length of stay of 8.50 ± 0.11 d
compared to the control group aMD = 1.4 d (95%CI:
a
1.20-1.65 d, P < 0.001) (Table 3).
ESRD patients incurred higher hospitalization
charges: $156577 per discharge (SE: $7952) compared
to $61583 (SE: $778) in the control group (aMD =
a
$+82064; 95%CI: $68221-$95906, P < 0.001).
Other factors associated with higher hospital cost
included male (MD = $+7333, 95%CI: $5909-$8756,
a
P < 0.001), race (white and native American races had
less charge compared to other races), higher comor
bidities and post ERCP AEs. ESRD who developed post
ERCP AEs had significantly higher charge compared
to ESRD without ERCP AEs aMD = $133892 (95%CI:
a
$76575-$191209, P < 0.001) supporting that AEs were

WJG|www.wjgnet.com

Subgroup analysis

We performed a subgroup analyses to assess the effect
of ERCP indication (therapeutic vs diagnostic) on our
outcomes. ESRD and CKD were associated with PEP
and bleeding when ERCP was performed for therapeutic
indications only but not for diagnostic purposes. There
was no increased association with perforation in either
group for therapeutic ERCP (Supplementary Table 4).
Perforation was extremely rare in diagnostic ERCP and so
a measure of association was not performed.
In the ESRD group, hospital mortality, and length of
stay were still higher for both therapeutic and diagnostic
ERCP (Supplementary Table 4). Patients with CKD who
were not on HD demonstrated higher associations with
hospital mortality when they underwent therapeutic
ERCP only. Length of hospital stay was higher in for both
indications.

DISCUSSION
In this nationwide study, we investigated ERCP-related
AEs in patients with ESRD and CKD in hospitalized pa
tients. Compared to the control group, ESRD and CKD
were associated with higher post-ERCP AEs including PEP
and bleeding. Furthermore, ESRD and CKD were asso
ciated with longer hospital stay, higher hospital mortality,
and greater cost compared to the control. When AEs
developed, ESRD was associated with more complications
including higher requirement for mechanical ventilation
and surgical intervention. These findings were true
among patients who underwent therapeutic ERCP. We
did not notice higher AEs from diagnostic ERCP in either
ESRD or CKD.
PEP is a serious and most common complication of
[14]
ERCP . Several risk factors were proven to be associated
[5]
with increased risk for PEP . Some of these factors are
patient-dependent, such as age, gender, and history of
PEP. Others are procedure-dependent. Recognizing these
risk factors is important to provide appropriate preventive
[5]
measures . Our findings suggest that ESRD and CKD
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[15]

patients are at increased risk for PEP. One possible theory
behind the increased association between ESRD and
PEP may be papillary edema from fluid overload posing
[5]
difficult biliary cannulation . In a previous study of 76
patients with ESRD who underwent ERCP in Japan,
[15]
the incidence of PEP was 7.9% . Their mortality from
PEP was 1/6 (16.7%). In our current study, hospital
mortality among ESRD patients who developed PEP
was 7.9%. We also found significant increase in the
requirement of mechanical ventilation among patients
with ESRD. This reflects the challenge of managing PEP
in dialysis patients. Pancreatitis management is mainly
dependent on early volume support. Dialysis patients
are at risk for fluid overload and respiratory failure from
fluid replacement. On the other hand, inadequate fluid
support will accelerate end organ damage, resulting in a
high risk of death. The strong association between PEP
and mortality requires physicians to enact measures suf
ficient to assure better outcomes. Appropriate patient
selection is always important and even more so in
high-risk patients to prevent PEP and other AEs. When
feasible, other diagnostic imaging modalities such as
magnetic resonance cholangiopancreatography (MRCP)
and endoscopic ultrasound should be considered first,
reserving ERCP largely for therapeutic indications. While
these principles are true for all patients, they should be
followed methodically in patients considered high-risk for
post-ERCP AEs, including patients on dialysis.
[15]
In a study by Hori et al , ERCP-related bleeding
was noted in 5.3% of patients with ESRD on dialysis.
This is similar to our study where ERCP related bleeding
complicated 5.1% of ESRD undergoing ERCP. The in
creased association with bleeding might be due to plate
lets dysfunction and coagulopathy secondary to uremia.
The severity of bleeding, however, seemed to be similar
between the ESRD and the control group as the need
for blood transfusion was not significantly different. Endo
scopic papillary balloon dilation for bile duct stones was
evaluated as a possible method to minimize the risk for
[16]
bleeding in patients on hemodialysis. Takahara et al
found that the risk of bleeding using the balloon papillary
dilation was 5.4%. However, all bleeding occurred in
patients who had other risk factor beside renal disease.
Perforation is an uncommon complication of ERCP.
The reported incidence of post-ERCP perforation is
[5,17]
between 0.08%-0.6%
. Perforation is usually secon
dary to luminal perforation from the scope, extension of
sphincterotomy cut, or bile duct perforation secondary
[5]
to the guidewire penetration outside the lumen . In
the current study, we found no significant increase in
perforation associated with ERCP in ESRD or CKD. The
need for surgical intervention to manage perforation was
also similar between the groups.
Hospital mortality was significantly higher in the
ESRD group (7.1%). The elevation in mortality can be
attributed to the high AEs, comorbidities and challenges
associated with management of ESRD patients. PostERCP mortality in dialysis patients was reported in an
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other study to be only 2.6% . The lower mortality in
that study might be attributed to different health care
settings. Our study included hospitalized patients, of
whom 75% underwent therapeutic ERCP. In the study by
[15]
Hori et al , ERCP was performed in different settings,
with 68% of patients undergoing therapeutic ERCP.
Finally, we found significantly higher admission cost
associated with ESRD, which might be driven in part by
the dialysis cost. However, AEs and longer hospital stay
might also have contributed to the substantially higher
charges. In fact, when we compared hospital charges
between ESRD who developed AEs and those who did
not, we found that the majority of the cost (MD: $133892)
was from the AEs.
Our study has several inherent limitations. First, we
used ICD-9-CM codes to identify patients who underwent
ERCP, those with renal disease, and their outcomes,
thus our study is subject to the limitations implied by
these codes. However, we applied similar methods to
previously validated published data, using administrative
codes to appropriately capture our population and out
comes. Second, distinguishing procedure AEs from
indications is challenging. We considered DX 1 and 2
as indication and DX 3-25 as AEs. We feel that we ap
propriately captured these AEs since the association with
post-ERCP AEs and mortality in our control group were
similar to the ones reported in the literature. Third, this
is a cohort retrospective study, with inherent limitations
including residual confounders, which could have affected
our outcomes. Fourth, there is potential for recording
bias, as chronic conditions may be under-coded in se
verely ill patients. Fifth, the NIS does not include data
about patients who developed AEs after discharge. Read
missions are not captured; therefore, complication rates
might be underestimated.
In conclusion, ESRD is associated with a higher asso
ciated with ERCP related AEs and with significant health
care burden in hospitalized patients requiring ERCP.
Based on our findings, we suggest closer monitoring
for ESRD patients undergoing ERCP. Physicians might
consider special peri-procedure interventions in ESRD
patients in efforts to decrease AEs including careful
patient selection, optimization of fluid volume status and
use of various prophylactic or therapeutic endoscopic
interventions, with closer observation after ERCP. Addi
tional prospective studies are needed to investigate the
value of any particular intervention in improving clinical
outcomes following ERCP in this high-risk population.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

End-stage renal disease (ESRD) is associated with increased risk for biliary
diseases. Endoscopic retrograde cholangiopancreatography (ERCP) is the
standard treatment for most biliary diseases. Prior data have shown renal
disease to be a risk factor for perforation during other endoscopic procedures
such as colonoscopy and a proven mortality predictor in upper gastrointestinal
bleeding. There are limited published data evaluating ERCP outcomes in
ESRD.
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Research motivation

The American Society for Gastrointestinal Endoscopy (ASGE) guideline
emphasized the importance of recognizing risk factors for ERCP-related
complications, careful patient selection, and targeted maneuvers to reduce
the risk of adverse events (AEs). We hypothesized that ESRD is associated
with higher ERCP AEs. This would guide endoscopists in efforts to undertake
focused interventions to reduce the incidence of these AEs.

4
5

Research objectives

The main objective of our study is to evaluate ERCP outcomes in ESRD using
a large national cohort. We evaluated the association between ESRD and AEs,
hospital mortality, length of stay and cost.
6

Research methods

In a retrospective cohort study using the Nationwide Inpatient Sample (NIS)
years 2011-2013 and including 492175 discharges, we compared inpatient
ERCP AEs between patients with ESRD and individuals without renal diseases.
We compared ERCP outcomes using logistic regression model and applying
appropriate weighted sampling design.

7
8

Research results

ESRD was associated with higher AEs including post ERCP pancreatitis
[8.3%, adjusted odd ratio (aOR) = 1.7, aP < 0.001] and bleeding (5.1%, aOR
= 1.86, aP < 0.001) compared to patients without renal disease. ESRD was
also associated with higher hospital mortality (7.1%, OR = 6.6, aP < 0.001) and
longer hospital stay [mean difference (MD) = 5.9 d, aP < 0.001]. The remaining
problem is identifying appropriate interventions to minimize AEs in this high-risk
group

9

Research conclusions

10

ESRD is associated with higher post ERCP AEs and hospital mortality and
longer hospital stay. The current study emphasizes on the importance of
identifying risk factors for ERCP AEs and include ESRD as a one these
factors. Based on these findings, physicians might consider special periprocedure interventions in ESRD patients in efforts to decrease AEs including
careful patient selection, optimization of fluid volume status and use of various
prophylactic or therapeutic endoscopic interventions, with closer observation
after ERCP.

11

12

Research perspectives

ESRD is associated with higher ERCP AEs, higher mortality and longer hospital
stay. Additional prospective studies are needed to investigate the value of any
particular intervention in improving clinical outcomes following ERCP in this
high-risk population.

13
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with poor performance status) and highlights the need for
further work exploring whether endoscopic therapy could
be a viable option for all submucosal lesions.
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Abstract
AIM
To assess clinical outcomes for submucosal (T1b) oeso
phageal adenocarcinoma (OAC) patients managed with
either surgery or endoscopic eradication therapy.
METHODS
Patients found to have T1b OAC following endoscopic
resection between January 2008 to February 2016 at
University College London Hospital were retrospectively
analysed. Patients were split into low-risk and high-risk
groups according to established histopathological criteria
and were then further categorised according to whether
they underwent surgical resection or conservative man
agement. Study outcomes include the presence of lymphnode metastases, disease-specific mortality and overall
survival.

INTRODUCTION
Endoscopic eradication therapy (EET) for the treatment
of early neoplasia arising in Barrett’s oesophagus (BE)
is widely established to avoid progression to advanced
oesophageal adenocarcinoma (OAC). This approach
is safe and highly effective with data demonstrating
minimal risk to patients with durable long- term disease
free survival. Prospective data from several high-volume
studies demonstrate our ability to successfully treat
BE-related neoplasia has markedly improved over the
past 10 years. Following EET the complete resolution
of dysplasia is above 90% and the complete resolution
[1-4]
of intestinal metaplasia is above 80% at one year .
Endoscopic resection and subsequent field ablation with
radiofrequency ablation (RFA) is the established standard
of care for the majority of patients with BE-related
neoplasia confined to the mucosa (dysplasia and T1a
[5-7]
OAC) .
Compared to T1a OAC, the decision making and
optimal management strategy for patients with BE neo
plasia where lesions have submucosal invasion (T1b) is
less well-defined (Figure 1). Historically, these lesions
are thought to be associated with a significantly higher
risk of subsequent loco-regional lymph node metastases
(LNM) compared to T1a OAC and therefore surgery with
[8-13]
oesophagectomy and nodal clearance is offered
. How
ever, emerging data suggest that lesions confined to the
uppermost layer of the submucosa (T1bSm1) with lowrisk histological features (complete resection, lack of poor
tumour differentiation and no lymphovascular invasion)
may have a rate of LNM comparable to the 30-d mor
tality of surgery with oesophagectomy, leaving aside
the surgery related morbidity and reduced quality of life
[8,10,14-19]
that those who undergo this operation endure
.
Given these figures EET with endoscopic follow-up may
therefore be appropriate treatment for these patients
with low-risk T1b OAC. Although solid clinical data are
lacking, several societies now advocate this conservative
management approach for low-risk T1bSm1 OAC pa
[5-7]
tients . Surgical resection remains the gold standard
treatment for patients who have T1bSm1 lesions with
high-risk histological features or in whom the lesion ex
tends beyond the uppermost layer of the submucosa

RESULTS
A total of 60 patients were included; 22 patients were
surgically managed (1 low-risk and 21 high-risk patients)
whilst 38 patients were treated conservatively (12 low-risk
and 26 high-risk). Overall, lymph node metastases (LNM)
were detected in 10 patients (17%); six of these patients
had undergone conservative management and LNM were
detected at a median of 4 mo after endoscopic mucosal
resection (EMR). All LNM occurred in patients with highrisk lesions and this represented 21% of the total high-risk
lesions. Importantly, there was no statistically significant
difference in tumor-related deaths between those treated
surgically or conservatively (P = 0.636) and disease-spe
cific survival time was also comparable between the two
treatment strategies (P = 0.376).
CONCLUSION
T1b tumours without histopathological high-risk markers
of LNM can be treated endoscopically with good outcomes. In selected patients, endoscopic therapy may be
appropriate for high-risk lesions.
Key words: Oesophageal adenocarcinoma; Submucosal
invasion; T1b; Lymph node metastasis; Risk prediction;
Endoscopy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our retrospective cohort data supports pre
viously published work demonstrating that endoscopic
therapy is a safe and effective option for T1b oesophageal
adenocarcinoma without markers of high-risk for lymphnode metastasis. Furthermore, our work suggests that
endoscopic therapy is a viable alternative to surgery in
selected patients with high-risk lesions (particularly those
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A

B
a

Figure 1 Superficially invasive T1b oesophageal adenocarcinoma. A: Low power overview of the lesion. A moderately differentiated oesophageal adenocarcinoma
is located at the squamocolumnar junction. This is a piecemeal excision of this lesion. The deep margin is clear (R0). There was no lymphovascular invasion or poor
differentiation. Boxed area shown in B. B: High power of the invasive front showing a tumour gland just penetrating the original muscularis mucosae (asterisk).

Histopathology

(Sm2/3) in view of the significantly higher rate of sub
sequent LNM. Emerging data suggest that in selected
high-risk T1b patients, most notably those deemed unfit
to undergo surgical management, conservative followup may be a valid alternative although again larger
[16,18,19]
prospective high-quality studies are lacking
.
The aim of this single-centre retrospective cohort
study was to assess the risk of LNM in consecutive pa
tients found to have T1b OAC following endoscopic re
section and evaluate the short and long term clinical out
comes.

Resected specimens were reviewed by two expert gas
trointestinal pathologists, who reported on each of the
following tumour characteristics: Depth of submucosal
[15]
invasion , tumour differentiation, lymphovascular inva
sion, and presence of tumour cells within or less than
1000 μm from the vertical resection margin. If the initial
histopathology report was incomplete or made by a nonexpert gastrointestinal histopathologist, the slides were
reviewed by a third expert gastrointestinal pathologist for
the purpose of this study before the patient was included
or excluded. If a tumour characteristic was inconclusive
despite re-evaluation it was reported as such and con
sidered a high-risk feature in further assessment.

MATERIALS AND METHODS
Patients

Treatment after initial EMR

Consecutive patients who were found to have a T1b OAC
on endoscopic resection specimen at University College
London Hospital from January 2008 to February 2016
were retrospectively analysed for this study. Patients
were included if they had OAC arising within BE with
submucosal invasion on endoscopic resection specimen.
Exclusion criteria were the presence of LNM at baseline
staging prior to endoscopic mucosal resection (EMR) or
distant metastases on diagnostic staging with adjunct
imaging [endoscopic ultrasonography (EUS), computed
tomography (CT), positron emission tomography (PET)CT], follow-up time shorter than 24 mo, and insufficient
or incomplete follow-up data. For example if patients
with a high-risk visible lesion (large polypoid lesion or
ulcerated lesion) would undergo EUS, PET-CT and CT
scan. If any were found to have LNM then they would
not undergo EMR. Patients were not excluded if they had
received previous EET for dysplasia within BE [including
photodynamic therapy, argon plasma coagulation (APC),
radiofrequency ablation (RFA) or endoscopic resection]
prior to the T1b OAC diagnosis.

All patients were discussed at a multidisciplinary meeting
(MDM) attended by gastroenterologists, upper gastro
intestinal surgeons, oncologists, radiologists and histo
pathologists. Further treatment plans were formulated
based on tumour histopathological characteristics found
on EMR specimen, diagnostic staging (EUS and/or CT
and/or PET-CT), and a patient’s surgical fitness, medical
history and preferences. Patients, with OAC T1b, who
were eligible for surgery underwent oesophagectomy
with lymphadenectomy. After histopathologic review of
surgically resected specimen, some patients received
chemoradiotherapy (CRT) if they were upstaged or if
there was evidence of LNM on pathology. Conservative
treatment included additional endoscopic eradication
therapy with field ablation (RFA, APC) or further EMR in
an attempt to eradicate residual flat dysplasia and meta
plastic BE mucosa.

Follow-up

After the planned EET was concluded and successful
eradication of disease histologically confirmed, patients
received follow-up by one or more of the following mo
dalities: upper GI endoscopy with biopsies, EUS, CT and/
or PET-CT in order to exclude local recurrence, LNM or
distant metastases. Patients who had achieved complete
eradication of BE-related neoplasia were followed-up

Endoscopic resection

All endoscopic resections were performed by endoscopic
mucosal resection (EMR) with multiband mucosectomy
technique (Duette, Cook Endoscopy or Captivator, Boston
Scientific).
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Clinical outcomes

Table 1 Patient demographics

The following primary outcomes have been assessed
in this study: (1) Incidence of LNM and/or distant meta
stases after index EMR; (2) survival of patients (time in
months from the initial EMR until death or the end of the
study); and (3) surgical mortality, OAC-related and nonOAC-related deaths.

Patients
Total, n
Average age at EMR (IQR)
Gender
Male
Female
Barrett's oesophagus
Circumference (range)
Maximum (range)
In surveillance program
Yes, median years (IQR)
No, new finding
Data N/A

60 (100%)
70 (66-75)
51 (85%)
9 (15%)

Statistical analysis

5 (0-13)
7 (1-15)

Statistical analysis was performed using SPSS software
(IBM, ver. 23). Parameters included Kaplan-Meier esti
mator compared with log-rank (Mantel-Cox) test for
survival and average or median with range and/or inter
quartile range [IQR = first quartile (Q1) - third quartile
(Q3)] for continuous variables compared with long-rank
(Mantel-Cox) test or Mann-Whitney-Wilcoxon test in case
of non-normal distribution. Categorical variables were
expressed as percentages and compared with Pearson
Chi-Square or Fischer’s exact test.

36 (61%), 6 (3-9)
19 (32%)
5 (7%)

EMR: Endoscopic mucosal resection; IQR: Interquartile range; N/A: Not
available.

endoscopically by 3, 6, 9, 12, 18 and 24 mo intervals and
then annually thereafter.

Data collection

RESULTS

Data were collected from March 2000 until July 2017 or
until death of the patient. Information sources included
medical history, endoscopic procedures, histopathology
reports, imaging studies, outpatient clinic reports, MDM
records and correspondence with referring hospitals and
general practitioners.

Patient demographics

During the study period 68 potential patients were iden
tified. Eight patients were excluded as they did not meet
the inclusion criteria: 6 had short follow-up time (< 24
mo from EMR), one had insufficient follow-up data and
one patient was upstaged after histopathologic review (T2
- muscularis propria invasion). A total of 60 patients were
included in the study, 85% were male and the mean
age at the time of the initial EMR was 70 years (range
66-75). The mean length of BE circumference (C) at
baseline was 5 cm (range 0-13) and maximum (M) 7 cm
(range 1-15). Sixty one percent of patients were under
endoscopic surveillance for BE when the T1b OAC lesion
was detected. The median period of time within the BE
surveillance programme was 6 years (IQR 3-9) (Table 1).
Based on the aforementioned histopathological criteria,
13/60 (22%) patients had LR tumours and 47/60 (78%)
had HR tumours (Table 2).

Patient groups

For the purpose of our study, patients were divided into 2
tumour risk groups based on the histopathological assess
ment of the initial EMR specimens: Low-risk (LR group)
and high-risk (HR group). The characteristics of the OAC
lesions within the low-risk (LR group) were superficial
submucosal invasion (Sm1, < 500 μm), well or moderate
tumour differentiation (G1-2), complete resection (R0),
and absence of lymphovascular invasion (LVI-). These
features have previously been demonstrated to be inde
pendent risk factors carrying a favourable prognosis
[11,13,20]
due to a low propensity for metastases
. British,
European and American BE neoplasia guidelines employ
similar criteria if a conservative approach over surgery
is considered, especially in patients who are poor can
[5-7]
didates for sugery
.
The OAC lesions within the high-risk (HR group) con
sisted of tumours exhibiting one or more of the following
features: Deep submucosal invasion (Sm2/3, > 500
μm); poor tumour differentiation (G3); lymphovascular
invasion (LVI+); or incomplete resection (R1). Tumours
were also considered high-risk if any histopathologic
feature was indefinite (X), despite re-evaluation by an
expert histopathologist.
When combining risk groups with treatment moda
lities, patients were further divided into LR - conservative
treatment (LR-conservative), LR - surgical treatment (LRsurgery), HR - conservative treatment (HR-conservative),
and HR - surgical treatment (HR-surgery). A study flow
chart is depicted in Figure 2.
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Treatment after EMR

After initial EMR 22/60 (37%) patients underwent oeso
phagectomy; one patient from the LR group and 21
patients from the HR group. There were 38/60 (63%)
patients treated conservatively; 12 patients from the LR
group and 26 patients from the HR group (Figure 2).

Surgical treatment

There was no surgical mortality observed in our cohort.
Most patients had an Ivor-Lewis procedure (18/22), 2
patients underwent oesophagogastrectomy, one patient
had a three stage oesophagectomy, and one patient had
a transhiatal resection. Surgery was performed at an
average of 3 mo (range 1-10) after the EMR. Residual
OAC after EMR was found in 14/22 (64%) surgically
resected specimens and staged as T1a (4 patients),
T1b (7 patients), T2 (2 patients) and T3 (1 patient). All
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Outcomes by risk category

Risk
category

Patients included
n = 60

High-risk
n = 47

Low-risk
n = 13

Treatment

LR-conservative
n = 12

LR-surgery
n =1

HR-conservative
n = 26

HR-surgery
n = 21

Lymp node
metastases

None

None

n =6

n =4

Outcome

Alive-9
OAC death-0
Non-OAC death-3

Alive-1

Alive-14
OAC death-5
Non-OAC death-7

Alive-19
OAC death-2
Non-OAC death-0

Outcomes by treatment modality

Conservative
n = 38
(12 LR, 26 HR)

Alive-23 (61%)
EAC death-5 (13%)
Non-OAC death-10 (26%)

Surgery
n = 22
(1 LR, 21 HR)

Alive-20 (91%)
EAC death-2 (9%)
Non-OAC death-0

Figure 2 Flowchart depicting patient subgroups and outcomes. Overall median follow-up 41 mo (IQR 26-53). OAC: Oesophageal adenocarcinoma; LR: Low-risk
tumour; HR: High-risk tumour; IQR: Interquartile range.

these patients had an incompletely resected (R1) tumour
on initial EMR. In 7/22 (32%) patients who underwent
surgery, there was no evidence of residual tumour in
the surgical resection specimen despite being classified
as R1 on initial EMR. One patient with R0 EMR also had
no residual cancer in surgical specimen confirming the
initial histopathological assessment. One patient went
on to have CRT following surgery. This patient had an R1
surgical resection of a T2 tumour with cancer cells pre
sent at less than 1 mm from the oesophageal resection
margin. Residual dysplasia in the surgical margin was
reported in 4/22 (18%) patients. Case specific details are
summarized in Table 3.
A median of 20 lymph nodes (IQR 15-24, range
11-55) were retrieved per surgical patient. LNM were
found in 4/22 (18%) of the surgical resection specimens.
These four patients all had G3 tumours, three of which
showed lymphovascular invasion and one where this
could not be determined (LVIX). Two of these four cases
were Sm2/3 and the other two were SmX. None of
the patients with an Sm1 tumour, regardless of other
histological markers of risk, was found to have LNM. In
addition, none of the patients who did not have lympho
vascular invasion on the EMR specimen developed LNM.
When stratified by histological high-risk feature, 9/22

Table 2 Tumour index endoscopic mucosal resection
characteristics n (%)
Tumour location
Oesophagus
Cardia (Siewert 2)
Tumour histopathology
Differentiation
Well (G1)
Moderate (G2)
Poor (G3)
X (GX)
Depth of submucosal invasion
Sm1 (< 500 μm)
Sm2/3 (> 500 μm)
X
Lymphovascular invasion
Negative (LVI-)
Positive (LVI+)
X (LVX)
Resection (vertical margin)
Complete (R0)
Incomplete (R1)
Tumour risk group
Low-risk (LR)
High-risk (HR)

55 (92)
5 (8)

2 (3)
28 (47)
29 (49)
1 (1)
25 (42)
25 (42)
10 (16)
40 (67)
14 (23)
6 (10)
17 (28)
43 (84)
13 (22)
47 (78)

EMR: Endoscopic mucosal resection; IQR: Interquartile range; X:
Indefinite.
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Table 3 Histopathologic tumour characteristics of all patients with T1b oesophageal adenocarcinoma on endoscopic mucosal
resection who underwent surgery - comparison of endoscopic and surgical resection specimens’ pathology report
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Endoscopic resection specimen

Surgical resection specimen

Note

Sm1, G3, LVI-, R1
Sm1, G3, LVI-, R1
SmX, G2, LVI-, R1
Sm2/3, G3, LVI-, R1
Sm1, G2, LVI-, R1
Sm1, G3, LVI-, R1
Sm2/3, G3, LVI+, R1
Sm2/3, G2, LVI-, R1
Sm2/3, G3, LVI-, R1
Sm2/3, G3, LVI-, R1
Sm2/3, G3, LVIX, R1
Sm2/3, G3, LVI+, R1
Sm2/3, G2, LVI+, R1
Sm1, G3, LVI+, R1
SmX, G3, LVI+, R1
Sm2/3, G3, LVI+, R1
Sm1, G3, LVIX, R1
SmX, G3, LVI+, R1
Sm2/3, G3, LVI-, R1
Sm2/3, G2, LVI-, R1
SmX, G3, LVI-, R1
Sm1, G2, LVI-, R0

T1a, LVI-, R0
T1b Sm1, G3, R0
T1b, G3, LVI-, R0
No residual cancer
No residual cancer
T1b, G2, R0
T1a, G3, R0
No residual cancer
No residual cancer
T1a, G3, LVI+, R0
T1b, G2, R0
T2, G3, R1
No residual cancer
T1b, G1, LVI-, R0
T1b, G3, R0
No residual cancer
T2, R0
T3, G3, R0
T1a, G3, R0
T1, R0
No residual cancer
No residual cancer

/
/
/
LGD in surgical margin
HGD in surgical margin
/
Positive for LNM (2/16)
LGD in surgical margin
/
/
Positive for LNM (3/12)
R1, negative for LNM (16), preop EUS T1b
/
/
Positive for LNM (1/23)
/
Preop EUS T1 stage
Positive for LNM (3/78), preop EUS T1b
/
/
/
LR tumour, HGD in surgical margin

Sm1: Submucosal invasion < 500 μm; Sm2/3: Submucosal invasion > 500 μm; G1: Well differentiated tumour; G2: Moderately differentiated tumour;
G3: Poorly differentiated tumour; LVI: Lymphovascular invasion; R0: Complete resection; R1: Incomplete resection; X: Indefinite; LNM: Lymph node
metastases; LGD: Low grade dysplasia; HGD: High grade dysplasia; LR: Low-risk tumour; HR: High-risk tumour.

had LVI+ or LVIX and of these 9 patients, 4 patients
were found to have LNM (44%); 16/22 patients had G3
tumours and of these, 4 had LNM (25%). In total 8/22
tumours were G3 and showed LVI+ or LVIX. Thus 4/8
(50%) of these had LNM.
Three of the 4 patients found to have LNM on their
surgical resection specimen received adjuvant CRT. Two
patients have died of their disease and 2 patients were
alive at last follow-up, 87 and 55 mo after their initial
EMR.

and 4 of the 6 patients had LN sampling to confirm LNM.
These were all HR lesions and represent 23% of HR
tumours treated conservatively (Table 4). All 6 of these
patients received CRT once the LNM were identified.
1 of these 6 also underwent an EMR for a visible oeso
phageal lesion. This latter patient remains alive after
26-mo follow-up, whereas the 5 others have died of
their disease. Of these 6 patients, all had an R1 EMR
resection specimen; 5 of 6 patients had Sm2/3 tumours;
3 of 6 patients either had LVI+ or were LVIX; and 2 of 6
patients were G3.

Conservative treatment

LNM risk prediction

A total of 38/60 (63%) patients were treated with con
servative endoscopic follow-up. Twelve of these patients
had LR disease and 26 had HR disease. It was concluded
at the MDM that 11 of 12 patients with LR tumours
had been cured of OAC and endoscopic follow-up was
indicated. One patient underwent radiotherapy to reduce
the risk of metachronous LNM. This patient was alive and
disease-free at most recent follow-up.
The main indication for non-surgical treatment of
patients with HR tumours (24 of 26 patients) was poor
surgical fitness due to co-morbidities and high anaes
thetic risk; 2 surgically fit patients chose a conservative
approach after discussing the long-term risk for cancer
recurrence and LNM. Of the 26 HR tumours, 7 patients
had additional RFA and/or EMR of the remaining BE
segment, 14 patients received adjuvant CRT, whilst five
patients had regular endoscopic follow-up alone.
In 6/38 (16%) patients treated conservatively, LNM
were detected at 3, 4, 4, ,13, 17 and 38 mo after the
EMR. These LNM were detected with PET CT and EUS

WJG|www.wjgnet.com

LNM were detected in 10 of 60 (17%) patients. With
regard to treatment modality, LNM were detected in
4/22 (18%) patients treated surgically and 6/38 (16%)
treated conservatively. All patients with LNM had a HR
OAC (10 of 47, 21%). None of the 13 patients with a LR
lesion developed metastatic disease during follow-up.
When stratified by risk factor, 1/25 (4%) of Sm1 cancers
compared with 9/35 (26%) of Sm2/3/X lesions showed
LNM (P = 0.035); 3/40 (8%) with no LVI compared with
7/20 (35%) positive for LVI/X tumours showed LNM (P
= 0.012); 4/30 (13%) of G1/2 tumours compared with
6/30 (20%) of G3 tumours showed LNM (P = 0.488);
and 0/17 (0%) of R0 tumours compared with 10/43
(23%) for R1 tumours showed LNM (P = 0.049). An
overview of all patients with LNM is provided in Table 4.

Long term clinical outcomes and overall patient survival

At the end of the study 43 of 60 (73%) patients were
alive with a median follow-up time of 45 mo (IQR 32-72;
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Table 4 Overview of patients with metastatic T1b OAC
Case
1
2
3
4
5
6
7
8
9
10

EMR tumour
histopathology

Treatment after
index EMR

Time till
1
metastases (mo)

Additional
treatment

End study
outcome

Cause of
death

Survival
(mo)

Sm2/3, G3, LVIX, R1
SmX, G3, LVI+, R1
SmX, G3, LVI+, R1
Sm2/3, G3, LVI+, R1
Sm2/3, G3, LVIX, R1
Sm2/3, G2, LVI+, R1
Sm2/3, G2, LVI-, R1
Sm2/3, G2, LVI+, R1
Sm1, G2, LVI-, R1
Sm2/3, G3, LVI-, R1

Surgery
Surgery
Surgery
Surgery
Conservative
Conservative
Conservative
Conservative
Conservative
Conservative

4
2
4
2
38
4
3
4
17
13

Chemotherapy
None
CRT
Chemotherapy
CRT
CRT
CRT
CRT
EMR T1a, CRT
Radiotherapy

Deceased
Alive
Deceased
Alive
Deceased
Deceased
Deceased
Deceased
Alive
Deceased

OAC
/
OAC
/
OAC
OAC
OAC
OAC
/
OAC

45
87
8
55
40
9
31
18
26
30

2

1

Time from index EMR until LNM/metastatic disease; 2Time from index EMR until the end of the study or death of the patient. EMR: Endoscopic mucosal
resection; LNM: Lymph node metastases; Sm1: Submucosal invasion < 500 μm; Sm2/3: Submucosal invasion > 500 μm; G2: Moderately differentiated
tumour; G3: Poorly differentiated tumour; LVI: Lymphovascular invasion; R0: Complete resection; R1: Incomplete resection; X: Indefinite; CRT:
Chemoradiation therapy; OAC: Oesophageal adenocarcinoma; N/A: Not available.

range 24-102). The median survival of the 17 of 60 (27%)
deceased patients was 24 mo (IQR 9-40; range 3-59)
from EMR diagnosis of pT1b OAC. Of these 17 deceased
patients, 7 (42%) died of OAC and 10 (58%) died of
non-OAC-related conditions: One patient died after a
cerebrovascular accident, 2 patients died of renal cancer,
and 7 patients died due to complications of ischaemic
heart disease.
Within the HR group 14 of 47 patients (30%) died
during the follow-up period. Of these, 7 died of OAC. We
found no significant difference for OAC-related deaths
during the follow-up period when comparing treatment
modality. 5/38 patients treated conservatively (13%)
died of OAC whilst 2/22 patients (9%) of those treated
surgically died of OAC (P = 0.636). Importantly, OACrelated survival time remains comparable (P = 0.436)
when one compares only the HR patients that underwent
surgery (2/22) to the HR patients that received
conservative management (5/26). The median overall
survival of patients in the surgery group compared to
patients in the conservative group was better, 45 mo
(IQR 32-56; range 8-102) and 39 mo (IQR 24-50; range
3-94), respectively (P = 0.019). However, after excluding
patients who died of non-OAC-related causes (diseasespecific survival), the difference was no longer statistically
significant (P = 0.376) (Figure 3). Patients in HR-surgery
group similarly had a better overall survival compared to
patients in HR-conservative group: Median of 44 mo (IQR
31-55, range 8-102) and 36 mo (IQR 23-50, range 3-94),
respectively (P = 0.012). Again, after excluding patients
who died of non-OAC-related causes, the difference was
no longer statistically significant (P = 0.181) (Figure 4).
During the follow-up period 3/60 (5%) patients
developed a local recurrence, 1 patient from the LR
group and 2 patients from the HR group. The patient
within the LR group had undergone an oesophagectomy
as baseline therapy. The surgical resection specimen
demonstrated residual HGD and the patient developed
a T1a M3 tumour at the anastomosis after 47 mo. This
was successfully resected by EMR and the patient has

Treatment

1.0

Conservative
Surgery
Conservative-censored

0.8
Cum survival

log-rank test P = 0.376

Surgery-censored

0.6
0.4
0.2
0.0
0

    20

     40

     60

     80

      100       120

t /mo

Figure 3 Kaplan-Meier disease-specific survival curve of all patients
treated conservatively and surgically. There was no statistically significant
difference (excluded were 10 patients from conservative group who died of nonoesophageal adenocarcinoma-related cause).
Treatment

1.0

HR-conservative
HR-surgery
HR-conservative
censored

0.8
Cum survival

HR-surgery-censored

0.6

log-rank test P = 0.181

0.4
0.2
0.0
0

    20

     40

     60

     80

      100       120

t /mo

Figure 4 Kaplan-Meier disease-specific survival curve of patients with
high-risk tumours treated conservatively and surgically (excluded were 7
patients from high-risk-conservative group who died of non-oesophageal
adenocarcinoma-related cause). There was no statistically significant
difference, although a trend towards a better survival of surgery patients is
observed.
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survived to 50 mo at the end of the study. In the HR
group, two patients with an R1 EMR specimen who
were treated conservatively developed T1a and T1bSm1
tumours at the site of previous resection after 6 and
10 mo, respectively. Both tumours were successfully
resected by EMR. One of these individuals was also found
to have LNM and received CRT. Both of these patients
were alive at last follow-up.
One of 12 patients within the LR-conservative group
received CRT following MDT discussion. 9/12 patients
remain alive with those who have died doing so from a
cause unrelated to OAC (renal cancer, ischaemic heart
disease and a cerebrovascular accident). 13 of 26 (50%)
patients within the HR-conservative group received CRT.
Of those who received CRT 7 have died although 5 (38%)
of those were due to OAC. Of those who did not receive
CRT 5 patients have died, although none of these deaths
were due to OAC.

also differentiated LR and HR lesions based on criteria
similar to our cohort. In the LR patients (n = 49) only
one patient developed LNM (2%) at follow-up and in the
HR group (n = 22) only two patients developed LNM
[18]
(8.7%). In a similar study, Scholvinck et al
analysed
69 patients with pT1b cancers, with their LR group
having no LMN detected at follow-up, whereas the HR
group displayed an overall LNM rate of 16% which is
similar to our series.
Clearly the decision-making in offering patients con
servative treatment with EET or more radical therapy with
surgery is complex and multifaceted with factors such
as a patient’s fitness for surgery and patient preference
influencing the final decision. The main advantage of
surgery is that the entire organ and draining lymph
nodes are cleared minimising LNM risk. However, even
in high-volume expert centres, the 30-d mortality from
oesophagectomy ranges between 2% and 5 %. There
were no surgery-related deaths in our cohort, but the
argument for approaching LR T1b OAC with endoscopic
therapy is based on the published data where the rate on
LNM is lower than that of surgical mortality.
There was no statistically significant disease-specific
survival benefit for patients treated surgically compared
to patients treated conservatively in our study. Even in
the high-risk patient group, although a trend toward
better survival of surgery patients was observed, this was
not statistically significant. Furthermore, OAC-related
deaths were comparable in both groups. Here, we should
highlight the high mortality of patients in our cohort due
to conditions not related to OAC. There were 26% of
patients in the conservative group who died of non-OACrelated disease (none in the surgery group) and only
13% died of OAC. It is important not to over-treat cancer
in these patients. Furthermore, we observed that 2 out
of 4 patients died of OAC despite oesophagectomy and
removal of positive local lymph nodes. Thus, in these
data, surgery did not always cure T1b OAC. One possible
explanation is that the tumour had spread to lymph
nodes outside the surgical resection field. Alternatively,
a recently published study on metastatic colorectal
cancer proposes a model that some distant metastases
[21]
might arise independently of lymph node metastases .
If this were true for OAC, oesophagectomy with nodal
clearance would not prevent metastatic disease due
to haematogenous cancer spread. In this case (neo
adjuvant) chemotherapy might be the preferred treat
ment.
An unexpected feature in our cohort was a high
percentage (84%) of incomplete (R1) endoscopic
mucosal resections. This was at least partly due to our
histopathologic criteria of at least 1 mm clear resection
margin, which is difficult to achieve by EMR technique
with tumours invading relatively thin oesophageal sub
mucosal layer of approximately 1-1.5 mm. Thus, the
percentage of R1 endoscopic resections in our cohort
might have been overestimated. The evidence supporting
this is that 32% of all patients in the surgery group
(7/22) who were classified as R1 on EMR had no residual

DISCUSSION
This single centre retrospective analysis of 60 patients
with T1b OAC suggests that patients with Sm1 tumours
without high-risk histopathological markers can be
treated endoscopically with good long-term outcomes.
This is in keeping with other recently published studies.
Within this LR group, none of the 13 patients had or
developed LNM within the follow-up period. 12 patients
were treated conservatively and the one patient who had
surgical treatment was found to have a local recurrence,
successfully endoscopically resected, 47 mo after the
initial EMR. These data support the emerging treatment
strategy that patients with LR T1b lesions should be
offered EET and conservative treatment.
Of the patients with HR lesions that underwent sur
gical resection, 4 (18%) were found to have LNM within
their resection specimens. All 4 of these were G3 tumours
with either LVI or were LVIX. Of those who had the
combination of both of these high-risk histopathological
features 50% (4/8) developed LNM suggesting that
these patients are high-risk and EET carries higher risk
of LNM and recurrence. None of the Sm1 tumours with
only one high-risk histopathological feature had LNM.
Although the numbers are too small to recommend chan
ges to the existing treatment strategy, this data suggest
that endoscopic resection and conservative management
may be an appropriate approach for some patients cate
gorised as high-risk where only one high-risk pathological
feature is confirmed. This is highlighted by the fact
that only 23% of HR tumours treated conservatively
developed LNM during the follow-up period. Further pro
spective RCT studies of surgical versus conservative treat
ment strategies with higher patient numbers are required
to explore this potential change in treatment paradigm.
Our data on LR and HR T1b cancers and clinical out
comes are similar to the limited published series on this
[16]
patient cohort. Manner et al examined 72 patients with
pT1bSm1 pathology on EMR specimens retrospectively
over a 14 year period form their centre. These authors
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cancer identified in the surgical resection specimen. In
retrospect, even though none of these patients devel
oped metastatic disease, surgery should not be con
sidered over-treatment as all of these tumours, apart
from 1, demonstrated other high-risk features. Possible
overestimation of R1 endoscopic resections could also
explain the relatively low rate of local recurrence and
metastatic disease in patients with R1 EMR, who did not
undergo additional resection (surgical or endoscopic).
In conclusion, endoscopic therapy appears to be
equal if not preferable to surgery in submucosal OAC
with low-risk histopathologic features. In high-risk
OAC, a conservative approach is a viable alternative to
surgery, especially for selected patients and those with
poor performance status. Further prospective studies
are required to provide solid clinical evidence on this
important issue.

2

3

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

4

Research background

This study provides long-term outcome data on patients with submucosal
oesophageal adenocarcinoma.
5

Research motivation

The optimal management of submucosal oesophageal adenocarcinoma is not
clearly defined. Data suggests endoscopic therapy may be a viable alternative
to surgery and thus radically change the treatment paradigm.

Research objectives

To analyse our data from a large tertiary specialist centre on the management
of patients with submucosal oesophageal adenocarcinoma in order to support
the potential for endoscopic therapy for these patients. In addition, we feel our
work promotes the need for a large-scale multi-centre trial exploring endoscopic
therapy for submucosal lesions.

6

Research methods

7

This was a retrospective cohort study that uniquely offers long-term outcomes
on patients with high-risk and low-risk oesophageal submucosal lesions who
received surgery and endoscopic therapy.

8

Research results

Lymph node metastases were detected in 18% of patients who had undergone
conservative management. There was no statistically significant difference in
tumour-related deaths between those treated surgically or conservatively and
disease-specific survival time was also comparable between the two treatment
strategies.

9

10

Research conclusions

This study provides supporting data for the potential of endoscopic therapy in
the management of submucosal oesophageal adenocarcinoma. In particular,
the work suggests that endoscopic therapy may be a viable alternative to
surgery in selected patients. This work could support a change to the treatment
strategy for submucosal lesions.

11

Research perspectives

12

Low-risk submucosal lesions can be safely treated endoscopically whilst our
research suggests that endoscopic therapy may be a viable option for highrisk lesions. This study supports the need for a large-scale multicentre study
addressing this uncertainty in the treatment paradigm.

13
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AIM
To measure the willingness to pay for colorectal cancer
screening in Guangzhou, and to identify those factors
associated with it.
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METHODS
A face-to-face questionnaire survey for pre-screening
population from free and non-free colonoscopy districts
was used to collect information on demographic charac
teristics, health behaviours, the intention of the cancer
screenings and willingness to pay for colorectal cancer
screening. A total of 1243 participants who took part in
the pre-screening for colorectal cancer in Guangzhou were
collected in the study. Categorical data were compared
2
using the χ test to analyse significant differences. Non-

STROBE statement: The authors have read the STROBE
Statement-checklist of items, and the manuscript was prepared
and revised according to the STROBE Statement-checklist of
items.
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

WJG|www.wjgnet.com

4708

November 7, 2018|Volume 24|Issue 41|

Zhou Q et al . WTP for CRC screening in Guangzhou

conditional logistic regression and multi-class logistic
regression were also performed for multivariate analysis
and to estimate the odds ratios.

CONCLUSION
Willingness to pay for colorectal cancer screening in
Guangzhou is high, but the amount of willing to pay is not
much.

dized rate increased during the period of 2003-2007 in
[3,4]
urban areas of China . The incidence and mortality
5
5
were 36.46/10 and 16.11/10 in Guangzhou in 2013,
[5]
respectively, ranking second and third of all the sites .
Colorectal cancer screening could improve the early
diagnosis rate and decrease the mortality of colorectal
[6]
cancer . Faecal occult-blood test (FOBT) and colono
scopy are the most common screening methods in
[7-9]
China and worldwide . In China, there are few cities
such as Shanghai and Tianjin where population-based
[10,11]
screening for colorectal cancer has been carried out
.
Guangzhou has carried out screening for colorectal
[12]
cancer in the community since 2015 . However, the
compliance with colonoscopy was only 17.63% in
[13]
2015 . And the uptake of colonoscopy using it in areas
with free colonoscopy was higher than that in areas that
[13]
charged for colonoscopy (20.27% vs 10.70%) .
The uptake of colonoscopy is very important for
[14]
the screening effect . For a mass screening program,
however, it is not possible to offer the screenings free
of charge. Accordingly, the study of a participant’s
willingness to pay for colorectal cancer screening is very
important. Few studies about willingness to pay exist in
China. This study was designed to measure willingness to
pay for colorectal cancer screening in Guangzhou and to
identify those factors associated with willingness to pay.

Key words: Colorectal cancer; Screening; Willingness to
pay; Guangzhou; Factor

MATERIALS AND METHODS

RESULTS
The percentage of participants willing to pay for colo
rectal cancer screening was 91.7%. “Unnecessary” was
the dominant reason that participants gave for their
unwillingness, accounting for 63.1%. Of those who
were willing to pay, 29.2%, 20.7%, 14.8%, 13.0% and
22.4% of participants were willing to pay less than ¥100,
¥100-¥199, ¥200-299, ¥300-¥399 and more than ¥400,
respectively. Non-logistic regression analysis showed
that respondents who were male, had a high level of
education, were from the family with more children/
older to raise, and accepted colorectal cancer screening
were willing to pay for this screening. Multi-class logistic
regression analysis showed that respondents with higher
annual household income per capita, from government
and private enterprises, government agency/institution
and peasants, and less family medical expenditure were
willing to pay more.

Data source

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

A face-to-face questionnaire survey for pre-screening
population from free and non-free colonoscopy districts
was used to collect information on demographic chara
cteristics, health behaviours, the intention of the cancer
screenings and willingness to pay for colorectal cancer
screening. A total of 1243 participants who took part in
the pre-screening for colorectal cancer in Guangzhou
were collected in the study. The analysis included 1240
respondents. The willingness to pay for colorectal can
cer screening and the factors associated with it were
evaluated. In this study, colorectal cancer screening
consisted of questionnaire risk assessment and FOBT, fol
lowed by colonoscopy for the positive participants.
Written informed consent to participate in the study
was obtained from all participants. In addition, the indi
viduals mentioned in this manuscript provided their writ
ten informed consent to publish their case details. The
ethics committee of the Guangzhou Center of Disease
Control and Prevention approved this study proposal.

Core tip: The uptake of colorectal cancer screening is very
important for the screening effect. For a mass screening
program, however, it is not possible to offer the screenings
free of charge. This study was conducted to measure
the willingness to pay for colorectal cancer screening in
Guangzhou and to identify those factors associated with
it. There were 1243 participants collected in the study.
The percentage of participants willing to pay for colorectal
cancer screening was high, but the amount of willing to
pay was not much, and less than the cost of colonoscopy.
Zhou Q, Li Y, Liu HZ, Liang YR, Lin GZ. Willingness to pay for
colorectal cancer screening in Guangzhou. World J Gastroenterol
2018; 24(41): 4708-4715 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i41/4708.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4708

Statistical analysis

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in males and the second in females
[1]
worldwide . In urban China, the incidence of CRC ranks
the third highest of all cancers, and the mortality ranks
[2]
fourth . Both the crude incidence and the age-standar

WJG|www.wjgnet.com

2

Categorical data were compared using the χ test to
analyse significant differences. Non-conditional logistic
regression and multi-class logistic regression were per
formed for multivariate analysis and to estimate the
odds ratios (ORs). The software including Epidata 3.1
and SPSS statistics 21 (IBM SPSS software) was used
for data inputting, checking and statistical analyses. A
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Table 1 Demographic characteristics of participants in the pre-screening for colorectal cancer in Guangzhou
Variable

Number of
participants
(n = 1240)

%

430
810

34.7
65.3

679
561

54.8
45.2

312
748
177

25.2
60.5
14.3

412
137
198
208
278

33.4
11.1
16.1
16.9
22.5

388
732

32.3
60.9

81

6.7

Gender
Male
Female
Age (yr)
< 65
≥ 65
Education (yr)
≤6
7-12
> 12
Occupation
Government and private enterprises
Government agency/institution
Peasant
Unemployed
Other
Health care status
The urban residents' medical insurance
Medical insurance for public health
care/urban employees
Other

Variable

Marital status
Married
Single/divorced/widowed
The number to be raised in family
0
1-2
≥ 3
Annual income per capita (RMB: Yuan)
≤ 30000
> 30000
Annual household income per capita (RMB: Yuan)
≤ 30000
>30000
Family medical expenditure (RMB: Yuan)
≤ 5000
> 5000
Acceptance of colorectal cancer screening
Yes
No

Number of participants
(n = 1240)

%

Would you like to pay for colorectal cancer screening?
Yes
1137
91.7
No
103
8.3
Reason for "No"
The cost is unbearable
12
11.7
Unnecessary
65
63.1
No time
7
6.8
Examination is painful
33
32
Others
7
6.8
If you want, how much would you like to pay for it? (RMB: Yuan)
< 100
331
29.2
100-199
235
20.7
200-299
168
14.8
300-399
147
13
≥ 400
254
22.4

two-sided P-value < 0.05 was determined as statistically
significant.

RESULTS
Characteristics of the 1240 participants are presented
in Table 1. The median age of participants was 64 years
(inter-quartile range: 59-68 years). A total of 34.7% and
25.2% of the participants were male and had less than 6
years of education, respectively. Additionally, 16.9% and
93.2% of the participants were from government/private
enterprises and had medical insurance. In sum, 91.9%
of the participants were married. A total of 38.9% of
participants had no children/older to raise. The medians
of the annual income per capita, annual household in
come per capita and family medical expenditure were

WJG|www.wjgnet.com

%

1133
100

91.9
8.1

478
564
188

38.9
45.9
15.3

624
604

50.8
49.2

688
521

56.9
43.1

728
498

59.4
40.6

1184
55

95.6
4.4

30000 (inter-quartile range: 15000-45000), 27500
(inter-quartile range: 15000-40000) and 5000 (interquartile range: 2000-10000), respectively. The ac
ceptance for colorectal cancer screening was 95.6%.
The portion of participants willing to pay for colorectal
cancer screening was 91.7% (Table 2). “Unnecessary”
was the dominant reason given for unwillingness, ac
counting for 63.1%. The next was “Examination is
painful”, accounting for 32.0%. In addition, 29.2%,
20.7%, 14.8%, 13.0% and 22.4% of participants were
willing to pay less than ¥100, ¥100-¥199, ¥200-¥299,
¥300-¥399 and more than ¥400, respectively.
Univariate analysis showed that respondents who
were male, had a high level of education, were from a
government agency/institution, were married, had more
children/older in the household, and accepted colorectal
cancer screening were more willing to pay for colorectal
cancer screening (Table 3). Univariate analysis also
showed that respondents who were male, had a high
level of education, were from a government agency/
institution, had medical insurance for public health care/
urban employees, had more annual income per capita,
and had more annual household income per capita were
willing to pay more for colorectal cancer screening (Table
4).
Non-logistic regression analysis showed that female
respondents, respondents with other professions com
pared with unemployed, and those who were reluctant to
accept colorectal cancer screening were unwilling to pay
for colorectal cancer screening. Those with a high level of
education and from the family with more raised persons
were willing to pay for colorectal cancer screening (Table
5).
Multi-class logistic regression analysis showed that
respondents with less annual household income per ca

Table 2 Willingness to pay for colorectal cancer screening of
participants in Guangzhou
Variable

Number of
participants
(n = 1240)
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Table 3 Factors influencing willingness to pay for colorectal cancer screening of participants in Guangzhou
Willing to pay n (%) Not willing to pay n (%)

Variable
Gender
Male
Female
Age (yr)
< 65
≥ 65
Education (yr)
≤6
7-12
> 12
Occupation
Government and private enterprises
Government agency/institution
Peasant
Unemployed
Other
Marital status
Married
Single/divorced/widowed
Health care status
Urban residents' medical insurance
Medical insurance for public health care/urban employees
Other
The number to be raised in family
0
1-2
≥ 3
Annual income per capita (RMB: Yuan)
≤ 30000
> 30000
Annual household income per capita (RMB: Yuan)
≤ 30000
> 30000
Family medical expenditure (RMB: Yuan)
≤ 5000
> 5000
Acceptance of colorectal cancer screening
Yes
No

404 (94.0)
733 (90.5)

26 (6.0)
77 (9.5)

628 (92.5)
509 (90.7)

51 (7.5)
52 (9.3)

272 (87.5)
690 (92.6)
169 (95.5)

39 (12.5)
55 (7.4)
8 (4.5)

386 (93.7)
134 (97.8)
181 (91.4)
194 (93.3)
236 (84.9)

26 (6.3)
3 (2.2)
17 (8.6)
14 (6.7)
42 (15.1)

1045 (92.2)
86 (86.0)

88 (7.8)
14 (14.0)

363(93.6)
665 (90.8)
76 (93.8)

25 (6.4)
67 (9.2)
5 (6.2)

422 (88.3)
527 (93.4)
179 (95.2)

56 (11.7)
37 (6.6)
9 (4.8)

570 (91.3)
565 (93.5)

54 (8.7)
39 (6.5)

632 (91.9)
483 (92.7)

56 (8.1)
38 (7.3)

663 (91.1)
468 (94.0)

65 (8.9)
30 (6.0)

1102 (93.1)
34 (61.8)

82 (6.9)
21 (38.2)

pita were willing to pay less than ¥200 rather than more
than ¥400, and the participants from government and
private enterprises, government agencies/institutions
and peasants were willing to pay more than ¥400 rather
than ¥200 compared with unemployed. It also showed
that respondents with less annual household income
per capita, less annual income per capita, and other pro
fessions were willing to pay ¥200-¥399 rather than more
than ¥400, and the participants with less family medical
expenditure were willing to pay more than ¥400 rather
than ¥200-399 (Table 6).

2

P value

4.41

0.036

1.25

0.264

11.53

0.003

26.56

< 0.001

4.71

0.03

2.93

0.231

12.63

0.002

2.12

0.146

0.30

0.587

3.49

0.062

63.33

< 0.001

portant for population-based colorectal cancer screening
to improve compliance. However, it is unrealistic for a
mass population to be screened free of charge, and
willingness to pay for colorectal cancer screening was
quite an important influencing factor of compliance. Our
study regarding willingness to pay was necessary in this
context.
Our study determined that the percentage of people
willing to pay for colorectal cancer screening was 91.7%.
It was higher than Shi’s study reporting 85.5% in urban
[20]
[21]
China , Kwak’s 76% in women in Korea , Mohd
[22]
[23]
Suan’s 37.5% in Malaysia , and Ho’s 30% in Boston .
[24]
And it was similar to Harewood’s study in Ireland . It
appeared that willingness to pay for colorectal cancer
screening in Guangzhou was relatively high. But only
35.4% of participants would be willing to pay more than
¥300, and only 22.4% of participants would pay more
than ¥400. However, the cost of a hospital colonoscopy
is typically over ¥350. And the cost of screening includes
the cost of colonoscopy, questionnaire survey, and FOBT.
Therefore, the amount that respondents were willing to

DISCUSSION
Colorectal cancer screening is a significantly effective
method of decreasing the mortality from colorectal can
[6]
cer . Currently, many countries around the world have
carried out population-based colorectal cancer screening
[15-17]
programs
. However, the rate of participating in
the screening was relatively low, which significantly
[18-19]
influences the effect of screening
. It is very im

WJG|www.wjgnet.com
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Table 4 Factors influencing fees to pay for colorectal cancer screening of participants in Guangzhou
< 200 Yuan n (%) 200-399 Yuan n (%) ≥ 400 Yuan n (%)

Variable
Gender
Male
Female
Age (yr)
< 65
≥ 65
Education (yr)
≤6
7-12
> 12
Occupation
Government and private enterprises
Government agency/institution
Peasant
Unemployed
Other
Marital status
Married
Single/divorced/widowed
Health care status
Urban residents' medical insurance
Medical insurance for public health care/urban employees
Other
The number to be raised in family
0
1-2
≥ 3
Annual income per capita (RMB: Yuan)
≤ 30000
> 30000
Annual household income per capita (RMB: Yuan)
≤ 30000
> 30000
Family medical expenditure (RMB: Yuan)
≤ 5000
> 5000
Acceptance of colorectal cancer screening
Yes
No

177 (43.8)
389 (53.2)

127 (31.4)
188 (25.7)

100 (24.8)
154 (21.1)

327 (52.2)
239 (47.0)

165 (26.3)
150 (29.5)

135 (21.5)
119 (23.4)

150 (55.1)
350 (50.9)
61 (36.1)

74 (27.2)
190 (27.6)
51 (30.2)

48 (17.6)
148 (21.5)
57 (33.7)

163 (42.2)
54 (40.3)
104 (57.8)
121 (62.4)
119 (50.6)

108 (28.0)
37 (27.6)
39 (21.7)
46 (23.7)
85 (36.2)

115 (29.8)
43 (32.1)
37 (20.6)
27 (13.9)
31 (13.2)

518 (49.7)
43 (50.0)

287 (27.5)
28 (32.6)

238 (22.8)
15 (17.4)

217 (59.9)
298 (44.9)
34 (44.7)

83 (22.9)
195 (29.4)
26 (34.2)

62 (17.1)
171 (25.8)
16 (21.1)

200 (47.5)
260 (49.4)
97 (54.2)

116 (27.6)
150 (28.5)
49 (27.4)

105 (24.9)
116 (22.1)
33 (18.4)

328 (57.6)
236 (41.8)

156 (27.4)
159 (28.2)

85 (14.9)
169 (30.0)

385 (61.0)
172 (35.7)

160 (25.4)
147 (30.5)

86 (13.6)
163 (33.8)

333 (50.2)
231 (49.6)

173 (26.1)
140 (30.0)

157 (23.7)
95 (20.4)

545 (49.5)
20 (58.8)

304 (27.6)
11 (32.4)

251 (22.8)
3 (8.0)

χ

2

P value

7.74

0.005

2.41

0.121

20.53

< 0.001

38.85

< 0.001

0.25

0.618

21.57

< 0.001

3.21

0.201

39.46

< 0.001

86.03

< 0.001

0.13

0.722

2.37

0.124

Table 5 Non-logistic regression analysis of unwillingness to pay for colorectal cancer screening of participants in Guangzhou
Variable
Gender
Male
Female
Education (yr)
≤6
7-12
> 12
Occupation
Unemployed
Government and private enterprises
Government agency/institution
Peasant
Other
The number to be raised in family
0
1-2
≥ 3
Acceptance of colorectal cancer screening
Yes
No

WJG|www.wjgnet.com

B

SE

Wals

P -value

OR (95%CI)

0.60

0.28

4.49

0.034

1.00
1.82 (1.05-3.15)

-0.82
-0.91

0.29
0.49

7.92
3.45

0.005
0.063

1.00
0.44 (0.25-0.78)
0.40 (0.16-1.05)

0.52
-0.96
-0.15
1.33

0.41
0.81
0.46
0.39

1.59
1.38
0.10
11.42

0.208
0.240
0.750
0.001

1.00
1.67 (0.75-3.74)
0.38 (0.08-1.90)
0.86 (0.35-2.13)
3.78 (1.75-8.18)

-0.69
-0.88

0.26
0.39

7.00
5.04

0.008
0.025

1.00
0.50 (0.30-0.84)
0.41 (0.19-0.89)

2.02

0.36

31.85

< 0.001

1.00
7.52 (3.73-15.16)
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Table 6 Multi-class logistic regression analysis of payment fees for colorectal cancer screening of participants in Guangzhou
Variable
< 200 (RMB: Yuan)
Occupation
Unemployed
Government and private enterprises
Government agency/institution
Peasant
Other
Annual household income per capita (RMB: Yuan)
> 30000
≤ 30000
200-399 (RMB: Yuan)
Family medical expenditure (RMB: Yuan)
> 5000
≤ 5000
Occupation
Unemployed
Government and private enterprises
Government agency/institution
Peasant
Other
Annual household income per capita (RMB: Yuan)
> 30000
≤ 30000
Annual income per capita (RMB: Yuan)
> 30000
≤ 30000

B

SE

Wals

P -value

OR (95%CI)

-0.87
-0.81
-1.15
-0.17

0.29
0.36
0.34
0.33

8.85
5.23
11.59
0.27

0.003
0.022
0.001
0.607

1.00
0.42 (0.24, 0.74)
0.44 (0.22, 0.89)
0.32 (0.16, 0.61)
0.84 (0.44, 1.61)

1.18

0.20

33.31

0.000

1.00
3.25 (2.18, 4.85)

-0.40

0.19

4.65

0.031

1.00
0.67 (0.47, 0.96)

-0.15
-0.19
-0.63
0.74

0.33
0.39
0.39
0.36

0.21
0.24
2.65
4.20

0.647
0.622
0.103
0.040

1.00
0.86 (0.45, 1.64)
0.82 (0.38, 1.78)
0.53 (0.25, 1.14)
2.11 (1.03, 4.29)

0.47

0.22

4.47

0.035

1.00
1.60 (1.04, 2.48)

0.56

0.23

5.73

0.017

1.00
1.75 (1.11, 2.76)

pay was lower than the actual cost of screening.
This study showed that respondents of male gender
and those with a high level of education were more wil
ling to pay for colorectal cancer screening and would pay
more than female respondents and those with a low level
of education. In addition, the participants from govern
ment agencies/institutions and those with higher income
and less family medical expenditure were willing to pay
more for colorectal cancer screening. Generally, males
were willing to spend more than females. In addition,
the awareness of health was much better among people
with more education and those who were working in a
government agency/institution. Furthermore, the status
of household income and expenditure significantly af
fected commodity purchasing power. These findings
were similar to Frew’s study in which those with higher
income and of male gender were more willing to pay for
[25]
screening and Kwak’s study in which as the status of
education and income were higher, the average amount
that women were willing to pay became much more, but
[21]
old age was associated with a lower willingness to pay .
However, Moreno showed that there was no statistically
significant difference in the responses of males and fe
males, or in the responses of individuals of different races
[26]
or different ages regarding test features . Respondents
who accepted the screening were more willing to pay
for colorectal cancer screening. The acceptance was a
prerequisite for the willingness to pay.
In general, willingness to pay for colorectal cancer
screening in Guangzhou was high, but the amount that
participants were willing to pay was low. To move forward
with the population-based screening, it is necessary to
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strengthen publicity, increase awareness of screening and
contemplation of participation. On the other hand, it was
suggested that the government should raise the budget
for the colorectal cancer screening program, subsidise
the participants and bring the colorectal cancer screening
into the outpatient medical insurance system, thereby
increasing the intake rate of screening.
The present study has some limitations. First, the
respondents were from the population taking part in
colorectal cancer primary screening. The representation
of the sample was not very good. Second, the amount
that participants were willing to pay was semiquantitative. It may influence the quantitative assess
ment and needs to improve in future research.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Colorectal cancer was the third most commonly diagnosed cancer in males
and the second in females worldwide. And colorectal cancer screening could
improve the early diagnosis rate and decrease the mortality of colorectal
cancer. However, the compliance of screening was lower than 20%. And the
uptake of colonoscopy in areas with free colonoscopy was higher than that in
charged colonoscopy area. For mass screening program, it was not possible
to be free of charge. Accordingly, the study of willingness to pay for colorectal
cancer screening was very important.

Research motivation

Because previous studies of willingness to pay for colorectal cancer are few
in China, the study of willingness to pay for colorectal cancer screening is
very important for further health economics evaluation. The main topics of our
study were to measure willingness to pay for colorectal cancer screening in
Guangzhou, and to identify those factors associated.
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Research objectives

6

The objective of our study was to figure out the willingness to pay for
colorectal cancer screening, and to analyze those factors associated. This is
very important for improving the uptake of colorectal cancer and developing
screening strategies for the government

7

Research methods

A total of 1243 participants who took part in the prescreening of colorectal
cancer in Guangzhou were collected in the study. A face-to-face questionnaire
survey for pre-screening population from free and non-free colonoscopy
districts was used to collect information on demographic characteristics, health
behaviours, the intention of the cancer screenings and willingness to pay for
colorectal cancer screening. A total of 1240 respondents were included in the
analysis. The willingness to pay for colorectal cancer screening and the factors
associated with it were evaluated.

8

Research results

11

9
10

The portion of willingness to pay for colorectal cancer screening in Guangzhou
was 91.7%. “Unnecessary” was the dominant reason of unwillingness,
accounting for 63.1%. There were 29.2%, 20.7%, 14.8%,13.0% and 22.4% of
participants who were willing to pay less than ¥100, ¥100-¥199, ¥200-¥299,
¥300-¥399 and more than ¥400, respectively. Non-logistic regression analysis
showed that respondents of male, with a high level of education, from the family
with more raised persons, and accepting colorectal cancer screening were
willing to pay for colorectal cancer screening. Multi-class logistic regression
analysis showed that respondents with higher annual household income per
capita, from government and private enterprises, government agency/institution
and peasants, and with less family medical expenditure were willing to pay
more.

12
13
14
15

Research conclusions

The study has concluded that willingness to pay for colorectal cancer screening
in Guangzhou was high, but the amount of willing to pay was low, and less
than the cost of colonoscopy. In order to move forward the population-base
screening, it was necessary to strengthen publicity, increase awareness of
screening, raise the budget of screening program for government and bring the
colorectal cancer screening into outpatient medical insurance system.

16

17

Research perspectives

18

In this study, the respondents were from the population taking part in colorectal
cancer primary screening. The representative of the sample was not very good,
and the amount of willing to pay was semi-quantitative. It may influence the
quantitative assessment. These need to be improved in the later research,
measure the quantitative value of willingness to pay for Chinese, and improve
parameters for health economics evaluation of colorectal cancer screening.

19
20
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Abstract
Progressive familial intrahepatic cholestasis type 3 is
caused by a mutation in the ATP-binding cassette,
subfamily B, member 4 (ABCB4 ) gene encoding
multidrug resistance protein 3. A 32-year-old woman
with a history of acute hepatitis at age 9 years was
found to have jaundice during pregnancy in 2008, and
was diagnosed as having intrahepatic cholestasis of
pregnancy. In 2009, she underwent cholecystectomy
for gallstones and chronic cholecystitis. However,
itching and jaundice did not resolve postoperatively.
She was admitted to our hospital with fatigue, jaundice,
and a recently elevated γ-glutamyl transpeptidase
level. Liver biopsy led to the diagnosis of biliary
cirrhosis with ductopenia. Genetic testing revealed a
pathogenic heterozygous mutation, ex13 c.1531G >
A (p.A511T), in the ABCB4 gene. Her father did not
carry the mutation, but her mother’s brother carried
the heterozygous mutation. We made a definitive
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diagnosis of familial intrahepatic cholestasis type 3. Her
symptoms and liver function improved after 3 mo of
treatment with ursodeoxycholic acid.

CASE REPORT
A 32-year-old woman with a history of acute hepatitis
at age 9 years was admitted to a local hospital for an
unknown disease process. She was discharged after
10 d of treatment and recovered from her condition.
During pregnancy in 2008, she developed jaundice
and was diagnosed as having intrahepatic cholestasis
of pregnancy (ICP). In the 2 years after delivery,
she experienced recurrent itching and jaundice. She
underwent cholecystectomy for gallstones and chronic
cholecystitis detected on ultrasound. However, her
itching and jaundice did not resolve postoperatively,
and high serum total bilirubin (TBIL) was repeatedly ob
served, with the highest level of > 100 μmol/L. Alkaline
phosphatase (ALP) and GGT were also repeatedly
increased and remained at 5-10 times the upper limit of
normal.
She was admitted to our hospital with fatigue, jaundice,
and decreased food intake during the prior week. Liver
function tests showed the following results: TBIL 59.8
μmol/L, direct bilirubin 34.6 μmol/L, serum total protein
64.5 g/L, albumin 37.5 g/L, alanine aminotransferase
(ALT) 123 U/L, aspartate aminotransferase 117 U/L, ALP
371 U/L, and GGT 252 U/L. Coagulation tests showed
prothrombin time of 16.3 s, an international normalized
ratio of 1.43, and activated partial thromboplastin time
of 44.1 s. Routine blood tests showed the following
9
results: White blood cells 2.71 × 10 /L, red blood cells
12
9
3.77 × 10 /L, hemoglobin 120 g/L, platelets 67 × 10 /L,
and neutrophils 64.3%. Antinuclear antibody, antismooth muscle antibody, anti-liver/kidney microsomal
antibody type 1, anti-nuclear glycoprotein antibody, antisoluble acid nucleoprotein antibody, anti-hepatocyte
cytoplasmic antigen type 1 antibody, anti-soluble liver
antigen/hepatopancreatic antigen antibody, and other
tests were negative, whereas the immunoglobulin G
and immunoglobulin M levels were 11.4 g/L (< 17.1
g/L) and 1.2 g/L (< 4 g/L), respectively. Viral hepatitis
(A-E), Epstein-Barr virus, and cytomegalovirus infections
were ruled out. Computed tomography of the upper
abdomen revealed cirrhosis, splenomegaly, ascites, and
intrahepatic bile duct stones.
Liver biopsy led to the diagnosis of biliary cirrhosis
with ductopenia (Figure 1). Genetic testing was
performed for all 254 exons of liver disease-related
genes, and adjacent ± 10 bp introns were sequenced.
The results revealed a pathogenic heterozygous
mutation, ex13 c.1531G > A (p.A511T), in the ABCB4
gene (Figure 2).
Her father did not carry the mutation, but her mo
ther’s brother carried the heterozygous mutation and
her mother died of cirrhosis at age 62 years. We made
a definitive diagnosis of PFIC3. Her symptoms and liver
function tests improved after 3 mo of treatment with
ursodeoxycholic acid. The results of serum tests after
treatment were as follows: Albumin 37.1 g/L, TBIL 21.9
μmol/L, ALT 58 U/L, ALP 127 U/L, and GGT 127 U/L.

Key words: Cirrhosis; Progressive familial intrahepatic
cholestasis type 3; Case report
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A 32-year-old woman with a history of acute
hepatitis at age 9 years was diagnosed as having
intrahepatic cholestasis of pregnancy in 2008. In 2009,
she underwent cholecystectomy for gallstones and
chronic cholecystitis. However, itching and jaundice
did not resolve postoperatively. She was admitted with
fatigue, jaundice, and a recently elevated γ-glutamyl
transpeptidase level. Liver biopsy led to the diagnosis
of biliary cirrhosis with ductopenia. Genetic testing
revealed a pathogenic heterozygous mutation, ex13
c.1531G > A (p.A511T), in the ATP-binding cassette,
subfamily B, member 4 gene. We made a definitive
diagnosis of familial intrahepatic cholestasis type 3.
Tan YW, Ji HL, Lu ZH, Ge GH, Sun L, Zhou XB, Sheng JH,
Gong YH. Ductopenia and cirrhosis in a 32-year-old woman
with progressive familial intrahepatic cholestasis type 3: A case
report and review of the literature. World J Gastroenterol 2018;
24(41): 4716-4720 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i41/4716.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4716

INTRODUCTION
Progressive familial intrahepatic cholestasis type 3
(PFIC3) is caused by a mutation in the ATP-binding cas
sette, subfamily B, member 4 (ABCB4) gene encoding
[1,2]
multidrug resistance protein 3 (MDR3) . PFIC3 is
characterized by recurrent itching, jaundice, white claylike stool, hepatosplenomegaly, and gastrointestinal
bleeding, often progressing to cirrhosis and liver failure
[3,4]
before adulthood . PFIC3 is a subtype of progressive
familial intrahepatic cholestasis that differs from PFIC1
and PFIC2 in that serum γ-glutamyl transpeptidase
[5]
(GGT) is elevated . The pathological manifestations of
liver tissue include obvious ductopenia or interlobular
bile duct hyperplasia and terminal bile duct biliary sludge
[6-8]
formation rather than abnormal synthesis of bile . The
incidence is 1/500000. However, reports of PFIC3 with
high GGT are rare. We present the case of a patient with
a mutant gene fragment in PFIC3, which has not been
previously reported in the East Asian population.
The study was approved by the Medical Ethics
Committee of the Third Hospital of Zhenjiang Affiliated
Jiangsu University, and written informed consent was
obtained from the patient. The study was conducted in
accordance with the Declaration of Helsinki.
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Figure 1 Microscopic features of the liver biopsies. A: Severe fibrosis in the portal area and formation of hepatocyte nodules (hematoxylin and eosin staining, ×
100); B: “Halo sign” at the junction of the portal area and liver parenchyma (Masson staining, × 100); C: Ductopenia; immunohistochemical staining for cytokeratin 19
showed no obvious bile duct hyperplasia (CK19 immunohistochemical staining, × 100); D: Hepatocyte cytoplasm showing copper-associated protein sinking (rhodamine
staining, × 400).

sported into bile by MDR3. Together with bile salts, the
phospholipids form microparticles, which increase the
hydrophilicity and reduce the descaling effect of bile
salts, and protect bile duct cells from toxic damage
caused by bile salts. Mutation in the ABCB4 gene
results in the loss of expression of the MDR3 protein
associated with phospholipid secretion in the bile duct.
With the lack of phospholipids in bile, the formation
of mixed particles of bile salts and phospholipids is
reduced, resulting in the release of bile salts and
causing toxic and detergent effects on the capillary bile
duct membrane. When the biliary cells are damaged,
cholestasis, small bile duct hyperplasia, inflammatory
infiltration, and gradual progression to portal fibrosis,
cirrhosis, and portal hypertension occur. Patients often
die from liver failure.
More than 40 different ABCB4 gene mutations
[12]
have been reported , including missense mutations,
nonsense mutations, deletion mutations, and insertion
of small fragment bases. The severity of the disease
is related to the type of gene mutation. Nonsense
mutations and deletion mutations are more likely to
have serious clinical symptoms. When family members
are homozygous for a mutation, they present with
progressive intrahepatic cholestasis, often requiring liver
transplantation in early childhood or leading to death
[13,14]
due to liver failure
.
When family members are heterozygous, other
diseases associated with mutations in the ABCB4
[8,15-18]
gene
, such as ICP, cholelithiasis, drug-induced
intrahepatic cholestasis, and primary biliary cirrhosis,

DISCUSSION
PFIC is a group of autosomal recessive genetic diseases
that cause bile excretion disorders due to mutations.
The clinical manifestations of intrahepatic cholestasis
usually present in infancy or childhood, eventually
leading to liver failure. PFIC is mainly divided into three
types: PFIC1, which is caused by an ATP8B1 gene
mutation, resulting in a P-type ATPase-FICl defect
encoded by the gene; PFIC2, which is derived from
a mutation in the ABCBI1 gene encoding for bile salt
export pump protein; and PFIC3, which is caused by a
mutation in the ABCB4 gene encoding MDR3.
PFIC3 is a subtype of progressive familial intra
hepatic cholestasis, and its main difference from PFIC1
[9,10]
and PFIC2 is the presence of elevated GGT
. PFIC3 is
characterized by recurrent itching, jaundice, white claylike stools, hepatosplenomegaly, and gastrointestinal
bleeding, often progressing to cirrhosis and liver failure
[11]
before adulthood .
PFIC3 is a rare disease, mostly sporadic, and the
incidence rate has not been accurately reported.
According to a survey, the estimated incidence is
1/500000 (http://demo.istat.it/).
The MDR3 protein encoded by the ABCB4 gene is
located on the hepatic capillary bile duct membrane.
It is a phospholipid export pump and phospholipid
flipping enzyme, and transports phospholipid from liver
cells into the bile duct, which is the rate-limiting step of
phospholipid secretion. Under normal circumstances,
phospholipids synthesized by hepatocytes are tran
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Copper accumulation may also be seen in primary
biliary cirrhosis, primary sclerosing cholangitis, se
condary sclerosing cholangitis, biliary atresia, prolonged
extrahepatic biliary obstruction, and in the livers of
some normal neonates. The differential diagnosis
of these cholestatic liver diseases depends on the
corresponding immunological antibody detection and
imaging examination.
In conclusion, we made a definitive diagnosis of
PFIC3 in a 32-year-woman based on clinical symptoms,
pathological findings, and gene mutation detection.
She was treated with ursodeoxycholic acid, and her
symptoms and liver function improved after 3 mo. We
reported a new mutant gene fragment of PFIC-3, which
has not been previously reported in the East Asian
population.

G C C

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

The female patient was admitted to our hospital with fatigue, jaundice, and a
recently elevated γ-glutamyl transpeptidase (GGT) level.

Figure 2 ABCB4_ex13 c.1531G > A (p.A511T) Sanger sequencing map. A:
Patient: ABCB4_ex13 c.1531G > A (p.A511T) gene mutation; B: Patient’s mother’s
brother: ABCB4_ex13 c.1531G > A (p.A511T) gene mutation; C: Patient’s father:
No ABCB4_ex13 c.1531G > A (p.A511T) gene mutation.

Clinical diagnosis

The patient had a history of acute hepatitis at age 9 years and was diagnosed
as having intrahepatic cholestasis of pregnancy in 2008.

often emerge. The most prominent of these presentations
are associated with the heterozygous ABCB4 gene, and
can recur multiple times in ICP. The incidence of ICP in
[17]
patients with PFIC3 is unknown. Gotthardt et al found
that all pregnant women in a family with the ABCB4
gene mutation had ICP, suggesting that the ABCB4
gene mutation is closely related to ICP. Our patient also
developed ICP.
Ex13 c.1531G > A (p.A511T) describes a c.1531G >
A (p.A511T) heterozygous missense mutation in exon
13 of the ABCB4 gene, which is included in the Human
Gene Mutation Database and has been detected in
[12]
patients with PFIC3 . The frequency of this mutation
in the normal East Asian population is 0, and its protein
function can be predicted using SIFT (http://sift.jcvi.
org/) and Polyphen-2 (http://genetics.bwh.harvard.
edu/pph2/) software. As the results are all harmful, this
mutation is suspected to be disease causing.
The clinical features of PFIC3 may overlap with many
other forms of liver disease. In the present case, liver
histology showed copper-associated protein sinking in
hepatocyte cytoplasm (Figure 1C). Wilson disease (WD)
may mimic non-Wilsonian liver disease. The diagnosis
of WD should be based on clinical and pathologic
parameters as well as genetic testing. Liver biopsy
often demonstrates glycogenated nuclei and hepatic
steatosis. Typically, there is little or no accumulation of
copper. In this patient, WD was finally ruled out because
the serum copper level was 90 μg/dL (80-155 μg/dL),
the serum ceruloplasmin level was 210 mg/L (200-500
mg/L), no Kayser-Fleischer (K-F) rings were observed,
and genetic testing revealed no ATP7B mutation.

WJG|www.wjgnet.com

Differential diagnosis

Viral hepatitis (A-E), Epstein-Barr virus, cytomegalovirus infections, and other
chronic cholestatic diseases were ruled out.

Laboratory diagnosis

High serum total bilirubin level was repeatedly observed, whereas alkaline
phosphatase and GGT were also repeatedly increased and remained at 5-10
times the upper limit of normal.

Imaging diagnosis

Genetic testing revealed a pathogenic heterozygous mutation, ex13 c.1531G
> A (p.A511T), in the ATP-binding cassette, subfamily B, member 4 (ABCB4)
gene.

Pathological diagnosis

Liver biopsy led to the diagnosis of biliary cirrhosis with ductopenia.

Treatment

The patient’s symptoms and liver function improved after 3 mo of treatment with
ursodeoxycholic acid.

Related reports

Reports on progressive familial intrahepatic cholestasis type 3 (PFIC3) with
high GGT are rare. We identified a mutant gene fragment in PFIC3, which has
not been previously reported in the East Asian population.

Term explanation

PFIC3 is caused by a mutation in the ABCB4 gene encoding multidrug
resistance protein 3.

Experiences and lessons

PFIC3 is a subtype of progressive familial intrahepatic cholestasis that differs
from PFIC1 and PFIC2 in that serum GGT is elevated.

4719

November 7, 2018|Volume 24|Issue 41|

Tan Y et al . Ductopenia and cirrhosis in FICT3

REFERENCES
1
2

3

4

5
6

7

8
9

10

Jansen PL, Müller MM. Progressive familial intrahepatic
cholestasis types 1, 2, and 3. Gut 1998; 42: 766-767 [PMID:
9691911 DOI: 10.1136/gut.42.6.766]
Deleuze JF, Jacquemin E, Dubuisson C, Cresteil D, Dumont
M, Erlinger S, Bernard O, Hadchouel M. Defect of multidrugresistance 3 gene expression in a subtype of progressive familial
intrahepatic cholestasis. Hepatology 1996; 23: 904-908 [PMID:
8666348 DOI: 10.1002/hep.510230435]
Crupi I. Progressive familial intrahepatic cholestasis (PFIC)
type 3 in two Sicilian siblings of nonconsanguineous parents.
ScientificWorldJournal 2010; 10: 1065-1066 [PMID: 20563527
DOI: 10.1100/tsw.2010.109]
Delaunay JL, Durand-Schneider AM, Dossier C, Falguières T,
Gautherot J, Davit-Spraul A, Aït-Slimane T, Housset C, Jacquemin
E, Maurice M. A functional classification of ABCB4 variations
causing progressive familial intrahepatic cholestasis type 3.
Hepatology 2016; 63: 1620-1631 [PMID: 26474921 DOI: 10.1002/
hep.28300]
Gaur K, Sakhuja P. Progressive familial intrahepatic cholestasis:
A comprehensive review of a challenging liver disease. Indian J
Pathol Microbiol 2017; 60: 2-7 [PMID: 28195083]
Folmer DE, van der Mark VA, Ho-Mok KS, Oude Elferink
RP, Paulusma CC. Differential effects of progressive familial
intrahepatic cholestasis type 1 and benign recurrent intrahepatic
cholestasis type 1 mutations on canalicular localization of ATP8B1.
Hepatology 2009; 50: 1597-1605 [PMID: 19731236 DOI: 10.1002/
hep.23158]
Chen HL, Chang PS, Hsu HC, Lee JH, Ni YH, Hsu HY, Jeng
YM, Chang MH. Progressive familial intrahepatic cholestasis with
high gamma-glutamyltranspeptidase levels in Taiwanese infants:
role of MDR3 gene defect? Pediatr Res 2001; 50: 50-55 [PMID:
11420418 DOI: 10.1203/00006450-200107000-00011]
Sundaram SS, Sokol RJ. The Multiple Facets of ABCB4 (MDR3)
Deficiency. Curr Treat Options Gastroenterol 2007; 10: 495-503
[PMID: 18221610 DOI: 10.1007/s11938-007-0049-4]
Maisonnette F, Abita T, Barriere E, Pichon N, Vincensini
JF, Descottes B. [The MDR3 gene mutation: a rare cause of
progressive familial intrahepatic cholestasis (PFIC)]. Ann
Chir 2005; 130: 581-583 [PMID: 16199000 DOI: 10.1016/
j.anchir.2005.05.008]
de Vree JM, Jacquemin E, Sturm E, Cresteil D, Bosma PJ, Aten J,
Deleuze JF, Desrochers M, Burdelski M, Bernard O, Oude Elferink

11

12

13

14

15

16

17

18

RP, Hadchouel M. Mutations in the MDR3 gene cause progressive
familial intrahepatic cholestasis. Proc Natl Acad Sci USA 1998; 95:
282-287 [PMID: 9419367 DOI: 10.1073/pnas.95.1.282]
Oude Elferink RP, Paulusma CC. Function and pathophy
siological importance of ABCB4 (MDR3 P-glycoprotein). Pflugers
Arch 2007; 453: 601-610 [PMID: 16622704 DOI: 10.1007/
s00424-006-0062-9]
Degiorgio D, Colombo C, Seia M, Porcaro L, Costantino L,
Zazzeron L, Bordo D, Coviello DA. Molecular characterization
and structural implications of 25 new ABCB4 mutations in
progressive familial intrahepatic cholestasis type 3 (PFIC3). Eur J
Hum Genet 2007; 15: 1230-1238 [PMID: 17726488 DOI: 10.1038/
sj.ejhg.5201908]
Englert C, Grabhorn E, Richter A, Rogiers X, Burdelski
M, Ganschow R. Liver transplantation in children with
progressive familial intrahepatic cholestasis. Transplantation
2007; 84: 1361-1363 [PMID: 18049123 DOI: 10.1097/01.
tp.0000282869.94152.4f]
Mehl A, Bohorquez H, Serrano MS, Galliano G, Reichman TW.
Liver transplantation and the management of progressive familial
intrahepatic cholestasis in children. World J Transplant 2016; 6:
278-290 [PMID: 27358773 DOI: 10.5500/wjt.v6.i2.278]
Jacquemin E. Role of multidrug resistance 3 deficiency in
pediatric and adult liver disease: one gene for three diseases. Semin
Liver Dis 2001; 21: 551-562 [PMID: 11745043 DOI: 10.1055/
s-2001-19033]
Trauner M, Fickert P, Wagner M. MDR3 (ABCB4) defects: a
paradigm for the genetics of adult cholestatic syndromes. Semin
Liver Dis 2007; 27: 77-98 [PMID: 17295178 DOI: 10.1055/
s-2006-960172]
Gotthardt D, Runz H, Keitel V, Fischer C, Flechtenmacher C,
Wirtenberger M, Weiss KH, Imparato S, Braun A, Hemminki K,
Stremmel W, Rüschendorf F, Stiehl A, Kubitz R, Burwinkel B,
Schirmacher P, Knisely AS, Zschocke J, Sauer P. A mutation in the
canalicular phospholipid transporter gene, ABCB4, is associated
with cholestasis, ductopenia, and cirrhosis in adults. Hepatology
2008; 48: 1157-1166 [PMID: 18781607 DOI: 10.1002/hep.22485]
Floreani A, Carderi I, Paternoster D, Soardo G, Azzaroli F,
Esposito W, Montagnani M, Marchesoni D, Variola A, Rosa
Rizzotto E, Braghin C, Mazzella G. Hepatobiliary phospholipid
transporter ABCB4, MDR3 gene variants in a large cohort of
Italian women with intrahepatic cholestasis of pregnancy. Dig
Liver Dis 2008; 40: 366-370 [PMID: 18083082 DOI: 10.1016/
j.dld.2007.10.016]
P- Reviewer: Dourakis SP, Goto Y, Karagiannakis D, Kim IH
S- Editor: Wang XJ L- Editor: Wang TQ E- Editor: Bian YN

WJG|www.wjgnet.com

4720

November 7, 2018|Volume 24|Issue 41|

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
4   1

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 November 14; 24(42): 4721-4834

Published by Baishideng Publishing Group Inc

S

Contents

Weekly Volume 24 Number 42 November 14, 2018

EDITORIAL
4721

Increased susceptibility of aging gastric mucosa to injury and delayed healing: Clinical implications
Tarnawski AS, Ahluwalia A

REVIEW
4728

Liver as a target of human immunodeficiency virus infection
Ganesan M, Poluektova LY, Kharbanda KK, Osna NA

MINIREVIEWS
4738

CXC family of chemokines as prognostic or predictive biomarkers and possible drug targets in colorectal cancer
Cabrero-de las Heras S, Martínez-Balibrea E

4750

Gut microbiota in common elderly diseases affecting activities of daily living
Shimizu Y

ORIGINAL ARTICLE
Basic Study
4759

Yiguanjian decoction enhances fetal liver stem/progenitor cell-mediated repair of liver cirrhosis through
regulation of macrophage activation state
Xu Y, Fan WW, Xu W, Jiang SL, Chen GF, Liu C, Chen JM, Zhang H, Liu P, Mu YP

4773

Ubiquitin-like modifier activating enzyme 2 promotes cell migration and invasion through Wnt/β-catenin
signaling in gastric cancer
Li J, Sun X, He P, Liu WQ, Zou YB, Wang Q, Meng XW

Case Control Study
4787

Mode of delivery by an ulcerative colitis mother in a case of twins: Immunological differences in cord blood
and placenta
Dunsmore G, Koleva P, Sutton RT, Ambrosio L, Huang V, Elahi S

Retrospective Cohort Study
4798

Increased end-stage renal disease risk in patients with inflammatory bowel disease: A nationwide
population-based study
Park S, Chun J, Han KD, Soh H, Choi K, Kim JH, Lee J, Lee C, Im JP, Kim JS

Retrospective Study
4809

Prediction of colorectal tumor grade and invasion depth through narrow-band imaging scoring
Maeyama Y, Mitsuyama K, Noda T, Nagata S, Nagata T, Yoshioka S, Yoshida H, Mukasa M, Sumie H, Kawano H, Akiba J,
Araki Y, Kakuma T, Tsuruta O, Torimura T

SYSTEMATIC REVIEWS
4821

Burden and outcomes for complex perianal fistulas in Crohn’s disease: Systematic review
Panes J, Reinisch W, Rupniewska E, Khan S, Forns J, Khalid JM, Bojic D, Patel H

WJG|www.wjgnet.com



November 14, 2018|Volume 24|Issue 42|

World Journal of Gastroenterology

Contents

Volume 24 Number 42 November 14, 2018

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Kazuaki Inoue,
MD, PhD, Associate Professor, Department of Internal Medicine, Division of
Gastroenterology, Showa University Fujigaoka Hospital, Yokohama 227-8501,
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: Yan Huang
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
November 14, 2018

II

November 14, 2018|Volume 24|Issue 42|

World J Gastroenterol 2018 November 14; 24(42): 4721-4727

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i42.4721

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

EDITORIAL

Increased susceptibility of aging gastric mucosa to injury
and delayed healing: Clinical implications
Andrzej S Tarnawski, Amrita Ahluwalia
Andrzej S Tarnawski, Amrita Ahluwalia, Department of
Gastroenterology Research, University of California Irvine and
the Veterans Administration Long Beach Healthcare System, Long
Beach, CA 90822, United States

First decision: October 9, 2018
Revised: October 12, 2018
Accepted: October 21, 2018
Article in press: October 21, 2018
Published online: November 14, 2018

ORCID number: Andrzej S Tarnawski (0000-0002-6813-6698);
Amrita Ahluwalia (0000-0002-2064-5725).
Author contributions: Tarnawski AS and Ahluwalia A contributed
to this paper; Tarnawski AS designed the overall concept and
outline of the manuscript; Ahluwalia A contributed to the
discussion and design of the manuscript; Tarnawski AS and
Ahluwalia A contributed to the writing, and editing the manuscript,
illustrations, and review of literature.

Abstract
In this editorial we comment on the article by Fukushi K

et al published in the recent issue of the World Journal
of Gastroenterology 2018; 24(34): 3908-3918. We focus

specifically on the mechanisms of the anti-thrombotic
action of aspirin, gastric mucosal injury and aging-related
increased susceptibility of gastric mucosa to injury. Aspirin
is widely used not only for the management of acute
and chronic pain and arthritis, but also importantly for
the primary and secondary prevention of cardiovascular
events such as myocardial infarcts and strokes. Clinical
trials have consistently shown that antiplatelet therapy
with long term, low dose aspirin (LDA) - 75 to 325 mg
daily, dramatically reduces the risk of non-fatal myocardial
infarcts, stroke and mortality in patients with established
arterial diseases. However, such treatment considerably
increases the risk of gastrointestinal (GI) ulcerations
and serious bleeding by > 2-4 fold, especially in aging
individuals. This risk is further increased in patients
using LDA together with other antiplatelet agents,
other nonsteroidal anti-inflammatory agents (NSAIDs)
and/or alcohol, or in patients with Helicobacter pylori
(H. pylori ) infection. Previous studies by our group and
others have demonstrated prominent structural and
functional abnormalities in gastric mucosa of aging
individuals (which we refer to as aging gastric mucosa or
“aging gastropathy”) compared to the gastric mucosa of
younger individuals. Aging gastric mucosa has impaired
mucosal defense, increased susceptibility to injury by a
variety of noxious agents such as aspirin, other NSAIDs
and ethanol, and delayed and impaired healing of injury.
The mechanism underlying these abnormalities of aging
gastric mucosa include reduced mucosal blood flow
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causing hypoxia, upregulation of PTEN, activation of proapoptotic caspase-3 and caspase-9, and reduced survivin
(anti-apoptosis protein), importin-α (nuclear transport
protein), vascular endothelial growth factor, and nerve
growth factor. The decision regarding initiation of a
long-term LDA therapy should be made after a careful
consideration of both cardiovascular and GI risk factors.
The latter include a previous history of GI bleeding and/
or ulcers, age ≥ 70, male gender, concurrent use of other
NSAIDs, alcohol consumption and H. pylori infection.
Furthermore, the incidence of GI ulcers and bleeding
can be reduced in patients on long term LDA treatment
by several measures. Clinicians treating such patients
should test for and eradicate H. pylori , instruct patients
to avoid alcohol and non-aspirin NSAIDs, including
cyclooxygenase-2-selective NSAIDs, and prescribe
proton pump inhibitors in patients on LDA therapy. In the
future, clinicians may be able to prescribe one of several
potential new drugs, which include aspirin associated
with phosphatidylcholine (PL2200), which retains all
property of aspirin but reduces by approximately 50%
LDA-induced GI ulcerations.

inhibitor of cyclooxygenase (COX), an enzyme synthe
sizing prostaglandins and thromboxanes. The COX-1
isoform is expressed constitutively in most tissues. In
the gastrointestinal (GI) mucosa and kidneys, COX-1
plays a critical role in maintaining these tissues’ integrity
by generating prostaglandin E2 (PGE2) and prostacyclin
[5,6]
(PGI2) from arachidonic acid . In blood platelets, COX-1
generates thromboxane A2 (TXA2), which promotes
their aggregation and thrombi formation. The COX-2
isoform is constitutively expressed in brain, kidneys,
intestine, and endothelial cells, and is induced in variety
of tissues in response to proinflammatory cytokines and
[5,6]
growth factors . COX-2 generated prostaglandins play
critical roles in gastric mucosal defense, cytoprotection,
[5-7]
angiogenesis and ulcer healing . While aspirin inhibits
both COX-1 and COX-2 isoforms, in low doses it
predominantly inhibits COX-1; while in higher doses it
also inhibits COX-2. LDA treatment acetylates COX-1 at
serine-529 residue and irreversibly inhibits COX-1 activity
in platelets for about 10 d (life time of platelets) resulting
in almost complete inhibition of production of TXA2 from
arachidonic acid, and inhibition of platelet aggregation
[8,9]
and thrombi formation . These actions of aspirin are
summarized in Table 1.
Due to the anti-thrombotic and cardioprotective
effects, LDA defined as 75 to 325 mg daily, alone or
in combination with other antiplatelet agents (e.g.,
clopidogrel) became a standard treatment for the
secondary prevention of CVE (MI and stroke). Clinical
trials consistently showed that antiplatelet therapy with
LDA daily dramatically reduces the risk of nonfatal MI,
stroke and mortality in patients with established arterial
[1-3]
diseases . The Second International Study of Infarct
Survival (ISIS-2) showed that a daily 160 mg LDA
administered for 30 d confers significant cardioprotection
that resulted in a significant reduction of reinfarction and
[1]
strokes LDA treatment significantly reduces the risk
of MI, stroke, and mortality in a wide range of high-risk
[2,9]
patients . The Antithrombotic Trialist’s Collaboration
meta-analysis of 287 trials that included over 200000
patients with high cardiovascular risk, showed that daily
antiplatelet therapy with 75-150 mg LDA significantly
[2]
reduced the risk of CVE by approximately 32% . These
and other studies show that aspirin confers significant
cardioprotection to the majority of patients with coronary
heart disease, ischemic stroke, peripheral arterial disease
[1,2]
and systemic embolism . Importantly this treatment
has a simple dosage, low cost, and a good safety
record and therefore is widely used world-wide. The
cardioprotective action of aspirin appears to be unique;
the other nonselective nonsteroidal anti-inflammatory
drugs (NSAIDs), such as ibuprofen and naproxen, do
not significantly impact cardiovascular diseases. Unlike
aspirin, the latter NSAIDs bind only reversibly to COX-1
and inhibit platelet function for only brief time. Selec
tive COX-2 inhibitors do not inhibit formation TXA2 by
platelets and do not have substantial cardioprotective

Key words: Aging gastric mucosa; Injury; Low dose
aspirin; Platelets; Cyclooxygenase-1; Cyclooxygenase-2;
Thromboxane A-2
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Low dose aspirin is widely used to prevent
cardiovascular events such as myocardial infarcts and
strokes; however, this therapy significantly increases
the risk of gastrointestinal injury and induces ulceration
and serious bleeding especially in aging individuals.
This risk is further increased in patients using low dose
aspirin concurrently with other antiplatelet agents, other
nonsteroidal anti-inflammatory agents and/or alcohol, or
in patients with Helicobacter pylori infection.
Tarnawski AS, Ahluwalia A. Increased susceptibility of aging
gastric mucosa to injury and delayed healing: Clinical implications.
World J Gastroenterol 2018; 24(42): 4721-4727 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i42/4721.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i42.4721

INTRODUCTION
Aspirin (acetyl salicylic acid) synthesized in 1897 by Felix
Hoffman in Bayer Laboratories in Germany, has become
one of the most successful drugs used initially for the
treatment of acute and chronic pain and arthritis. More
recently a regular treatment with low dose aspirin (LDA)
it is used for a primary and secondary prevention of
cardiovascular events (CVE) such as myocardial infarcts
[1-3]
(MI) and strokes in which it reduces mortality . As
[4]
demonstrated by Vane et al , aspirin is a non-selective
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Table 1 Action of Aspirin on platelets and gastrointestinal mucosa and its unique features compared with other nonsteroidal antiinflammatory drugs
Aspirin is a non-selective inhibitor of cyclooxygenase (COX), an enzyme involved in the synthesis of prostaglandins and thromboxanes (TXA) from
arachidonic acid
Aspirin inhibits both COX-1 and COX-2 isoforms with a greater inhibition of COX-1 than COX-2 (approximately 100-fold) in low doses COX-1 isoform
is expressed constitutively in most tissues: Gastrointestinal mucosa and kidneys and by generating prostaglandin E2 (PGE2) and prostacyclin (PGI2)
and plays a critical role in maintaining tissue integrity at basal level COX-1-induced thromboxane A2 (TXA2) generation causes platelet aggregation and
thrombi formation and is the basis for cardiovascular events
COX-2 isoform is constitutively expressed in some tissues (the brain, kidneys, intestine, and endothelial cells). In other tissues COX2 is induced in
response to local irritants, proinflammatory cytokines and growth factors.
COX2 generated prostaglandins PGE2 and PGI2 play a critical role in gastric mucosal defense in response to injury and promote angiogenesis, ulcer
healing, and (cancer growth)
Aspirin–has potent antithrombotic and cardioprotective properties: Irreversibly inactivates platelet COX-1 (vs only temporary inhibition by other
nonselective NSAIDs)
↓ TXA2 synthesis, platelet aggregation, and thrombi formation which are all basis for cardiovascular events
↓ Cardiocerebrovascular events
In addition, aspirin may prevent and/or reduce cancer. A recent meta-analysis of 8 trials[38,39] showed that LDA reduces cancer incidence and mortality
Aspirin advantage - single daily dose, low cost, good safety profile

action; in fact, some COX-2 selective inhibitors may
[10]
increase the risk of cardiovascular events .
A long-term, LDA treatment is not without risk since
it can induce gastroduodenal injury, ulcers and severe
[11-18]
bleeding especially in elderly patients
. The main
underlying mechanism is that aspirin inhibits generation
of PGE2 and PGI2 which are critical for mucosa defense,
protection and maintenance of gastrointestinal mucosal
[7]
integrity (Figure 1). In addition, inhibition of TXA2dependent platelet function by aspirin prevents thrombi
formation in injured vessels and causes uncontrolled
bleeding. Cryer and Feldman showed that long-term
LDA treatment in healthy subjects significantly reduces
gastric mucosal prostaglandin levels by approximately
60% and causes gastric and duodenal injury in some
[19]
patients . The risk of development of peptic ulcers in
aspirin (or non-aspirin NSAIDs) users was examined in
approximately 460000 patients (between 1995 and 1999)
and shown to be increased to 2.9 for aspirin and 4.0 for
[20]
non-aspirin NSAIDs, compared with control patients .
LDA-induced gastric injury was increased in patients using
LDA plus other NSAIDs and/or alcohol, or in patients with
[21-23]
Helicobacter pylori (H. pylori) infection
. In the latter
group eradication of H. pylori in patients on LDA therapy
[23]
significantly reduced the re-bleeding rate . These risks
associated with long-term LDA therapy are significantly
[8,18,24-30]
higher in elderly patients
.

aspirin and other NSAIDs), impaired angiogenesis
[24,25]
and a delayed and abnormal injury healing
. Aging
gastric mucosa has reduced mucosal blood flow causing
hypoxia, which leads to activation of the early growth
response-1 transcription factor that in turn upregulates
the dual specificity phosphatase (PTEN) resulting in
activation of pro-apoptotic caspase-3 and caspase-9
and reduced expression of the anti-apoptosis protein,
[24]
survivin . The imbalance between pro-apoptosis and
anti-apoptosis factors results in increased apoptosis
and injury. This paradigm demonstrated experimentally
has also a direct human relevance since increased
expression of PTEN and reduced expression of survivin
were shown in gastric mucosa of aging ≥ 70 years of age
[24]
vs younger (< 40 years) individuals . Other potential
mechanisms operating in aging gastric mucosa include
reduced telomerase activity, increase in replicative
cellular senescence, and reduced expression of vascular
endothelial growth factor and importin α - a transport
protein essential for transport of transcription factors
to the nucleus. In aging individuals, endothelial cells
of blood vessels are very abnormal with significantly
reduced angiogenic capacity and decreased levels of
angiogenic factors such as VEGF and nuclear hypoxia
[25,27]
inducible factor-1α
. Our recent study demonstrated
that reduced levels of the nuclear transporter, importin
α in aging endothelial cells is the key mechanism for
[25,27,28]
impaired angiogenesis and reduced VEGF
. We also
demonstrated that nerve growth factor (NGF) is critical
for angiogenesis and injury healing and that reduced
expression of NGF in aging gastric endothelial cells is one
of the main cause of impaired angiogenesis and delayed
[26,31,32]
healing in aging gastric mucosa
. Specifically,
we found that aging gastric endothelial cells in rats
and humans have dramatically approximately 5-fold
reduced expression of NGF, and that NGF gene therapy
restores in vitro angiogenesis in these aging endothelial
[26]
cells . Moreover, in that study we also demonstrated
that treatment of gastric ulcers in aging rats with a local

MECHANISMS OF INCREASED
SUSCEPTIBILITY OF AGING GASTRIC
MUCOSA TO INJURY
The mechanisms of increased susceptibility of aging
gastric mucosa to injury were described in detail in our
[24-29]
previous publications
and are summarized in Table
2. In brief, we demonstrated that aging gastric mucosa
has partial atrophy of gastric glands, impaired mucosal
defense, increased susceptibility to injury (by ethanol,
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Table 2 Structural, functional and biochemical abnormalities of aging gastric mucosa
Partial atrophy of gastric glands and their replacement with connective tissue
Degenerative changes in parietal and chief cells
↓ Sensory innervation and abolished hyperemic response to mild and moderate irritants
↓ Bicarbonate and prostaglandin generation and secretion
↓ Mucosal blood flow (by > 60%) and profound hypoxia of all mucosal cells
↑ Expression and transcriptional activity of early growth response-1→ ↑ PTEN and ↓ survivin (anti-apoptosis protein) → ↑ apoptosis
Other abnormalities include:
↓ Telomerase activity, cellular senescence, increased lipid peroxidation, impaired hypoxia sensor in endothelial (and epithelial?) cells
↑ Reactive oxygen species
Downregulated or mutated Klotho protein and dysregulated mitochondrial-nuclear communication
↓ Importin-α expression in endothelial cells of gastric mucosa → ↓activation and ↓expression of vascular endothelial growth factor (VEGF), which is a
pro-angiogenic factor and protects gastric endothelial cells; imbalance between VEGF and endostatin
↓ Expression of nerve growth factor in gastric mucosal endothelial cells → reduced endothelial cell viability, impaired angiogenesis and gastric ulcer
healing
Revised from World J Gastroenterol 2014[29] and updated based on our previous publications[24-29].

Actions of aspirin in GI tissues

Anti-thrombotic effect
on platelets

Aspirin
Anti-angiogenic effect
Mucosal injury

Platelets

Endothelial cells

Ulcer
GI mucosa

Inhibits predominantly COX-1 isoform

Inhibits COX-2
Inhibits COX-1 and COX-2

Inhibits TXA2 formation

Impairment of platelet aggregation
and their adherence to endothelium,
and of thrombi formation
Reduced hemostasis and increased
risk of ulcer formation and GI bleeding

Inhibits PGE2 and PGI2 formation

Impaired mucosal integrity
and defense
Increased risk of ulcer
formation and GI bleeding

Inhibits PGE2 and PGI2 formation

Impaired mucosal healing
Increased risk of ulcer
formation and GI bleeding

Figure 1 Actions of aspirin in gastrointestinal tissues. Aspirin low dose has an anti-thrombotic effect on platelets - it mainly inhibits cyclooxygenase (COX)-1
enzyme resulting in inhibition of thromboxane A2 formation, and impairment of platelet aggregation and their adherence to endothelium, and of thrombi formation.
Aspirin induced impaired thrombi formation reduces hemostasis and therefore, increases the risk of gastrointestinal (GI) ulcers and bleeding. Aspirin increases GI
mucosal injury and has an anti-angiogenic effect since it inhibits COX-1 and COX-2 enzymes in the GI mucosa and in endothelial cells resulting in the reduction of the
cytoprotective prostaglandin E2 and prostacyclin. This causes impaired mucosal integrity and defense, thus increasing the risk of GI ulcers and bleeding and impaired
mucosal healing. GI: Gastrointestinal; COX: Cyclooxygenase; TXA2: Thromboxane A2; PGE2: Prostaglandin E2; PGI2: Prostacyclin.

That study addresses an important issue - aging gastric
mucosa and its ulceration and bleeding induced by
antiplatelet therapy with LDA alone or in combination
with other anticoagulants. In that retrospective study,
1105 patients with bleeding gastroduodenal ulcers (GDU)
treated between 2000-2016 were analyzed for age and
medications used, length of hospital stay, hemoglobin

injection of NGF significantly increases angiogenesis,
accelerates ulcer healing and improves the quality of
[26]
mucosal regeneration .
In the recent issue of the World Journal of Gastroen
[33]
terology [2018; 24(34): 3908-3918], Fukushi et al .
published the interesting paper: Gastroduodenal ulcer
bleeding in elderly patients on low dose aspirin therapy.
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decrease, blood transfusion, and presence of underlying
disease. In the elderly patients (≥ 70 years of age), GDU
bleeding and its severity and impact were significantly
higher in patients receiving LDA combination therapies
with either: Other antiplatelet drugs (e.g., clopidogrel,
ticlopidine, or prasugrel), and/or anticoagulation drugs
than in patients receiving LDA monotherapy. In the latter
group, the authors did not find significant differences in
the length of hospital stay nor the percentage of severe
conditions between elderly and non-elderly patients
except increased transfusion requirement in the former
group. This conclusion is in a stark contrast to a recent
study from the Oxford University, which demonstrated in
a prospective population-based study that included 3166
patients (approximately 50% aged ≥ 75 years) that
the long-term risks and severity of bleeding in patients
receiving LDA long term treatment for secondary CVE
prevention was increased dramatically with age (≥
75 years hazard ratio 3.10, 95%CI: 2.27-4.24; P <
[34]
0.0001) . The risks of major bleeding in patients
older than 75 years were higher and more sustained
than those in younger patients (hazard ratio 4.13,
2.60-6.57; P < 0.0001) and the risk of disabling or fatal
GDU bleeding was also increased (hazard ratio 10.26,
4.37-24.13; P < 0.0001). These apparently conflicting
[33]
results between Fukushi et al
study and the Oxford
University study may be explained by differences in
study design, age threshold of 70 vs 75 years of age,
and statistical power (relatively small number of patients
[33]
= 113 on LDA alone treatment in Fukushi et al study),
different environmental factors, or by the possibility that
GI mucosa in Japanese patients has different genetic
and biochemical features compared to British patients.
In the research arena, further study is necessary. It
would be particularly interesting to compare Japanese
and Western European data directly and perhaps the
biology of the mucosa directly. Increased power with
similar study design would help address the issue.
[18]
Iwamoto et al
extensively reviewed the clinical
and endoscopic features, incidence, risk factors and
mechanisms of gastroduodenal injury and bleeding
induced by long-term LDA treatment. They listed the
following as risks factors for aspirin-induced increased GI
complications: prior history of ulcer and/or GI bleeding,
age ≥ 70 years, concurrent use of non-aspirin NSAIDs
and H. pylori infection. They also pointed out preventive
efficacy not only proton pump inhibitors but also H2
[18]
receptor antagonists e.g., famotidine . Aging itself
increases GI injury and complications. In patients aged
under 60 years, 70-79 years and those over 80 years,
the incidence rate of upper GI complications per 1,000
[35]
male subjects was 20, 90, and 150, respectively .
Aspirin use increased these rates of GI complications
within each age group by 2-fold resulting in dramatically
[35]
higher incidence of complications . The absolute
increase in complications with aspirin use is significan
tly higher in the aging population due to their higher
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baseline risk of aging gastropathy.

CLINICAL IMPLICATIONS
Aging gastropathy and its complications are important and
clinically relevant issues for at least three reasons. First,
in many countries e.g., Japan, some European countries
and the United States, the population is aging. Second,
older patients have much greater risk for both CVE and
gastroduodenal ulcers and bleeding gastrointestinal
complications of LDA-induced gastric injury than younger
patients. Third, increased susceptibility of aging gastric
mucosa to injury can be potentially reduced or reversed
pharmacologically.

CONCLUSION
While the overall cardioprotective benefits of LDA therapy
outweighs the risk of LDA- induced GI ulcers and bleeding
[36]
(reviewed in ) from a gastroenterologist’s perspective,
it is very important to prevent LDA-induced GI ulcers
and bleeding, especially in patients 70 years of age or
older. The decision regarding initiation of a long-term LDA
therapy should be made after careful consideration of
both cardiovascular and gastrointestinal risk factors. The
latter include previous history of gastroduodenal bleeding
and/or ulcers, age ≥ 70, male gender, concurrent use
of other NSAIDs, alcohol consumption, and H. pylori
infection. The recommendations for these patients are as
follows: (1) Test for and eradicate H. pylori if present; (2)
Avoid the non-aspirin NSAIDs, including COX-2-selective
NSAIDs, and alcohol consumption; (3) Use proton pump
inhibitors that reduce the risk of bleeding GI ulcers, or
alternatively use histamine H2-receptor antagonists
(recommended by some studies to be effective in pre
vention of LDA-induced gastroduodenal ulcers). The
eradication of H. pylori is as effective as treatment with
omeprazole in preventing recurrent bleeding in patients
on LDA therapy. Clinicians should also recognize that
potential new drugs being developed may change the
balance between heart health and mucosal protection.
For instance, aspirin associated with phosphatidylcholine
(PL2200) retains all the properties of aspirin but reduces
[37]
LDA-induced GI ulcerations by approximately 50% .
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Abstract
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Liver injury is a characteristic feature of human immuno
deficiency virus (HIV) infection, which is the second
most common cause of mortality in HIV-infected
patients. Now it is recognized that liver plays a key role
in HIV infection pathogenesis. Antiretroviral therapy
(ART), which suppresses HIV infection in permissive
immune cells, is less effective in hepatocytes, thereby
making these cells a silent reservoir of HIV infection.
In addition to direct hepatotoxic effects of HIV, certain
ART treatment modalities provide hepatotoxic effects.
The exact mechanisms of HIV-triggered chronic hepatitis
progression are not elucidated, but the liver is adversely
affected by HIV-infection and liver cells are promin
ently involved in HIV-elicited injury. These effects are
potentiated by second hits like alcohol. Here, we will
focus on the incidence of HIV, clinical evidence of HIVrelated liver damage, interactions between HIV and
liver cells and the role of alcohol and co-infection with
hepatotropic viruses in liver inflammation and fibrosis
progression.
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Core tip: Here, we summarized the literature and our
recent findings on human immunodeficiency virus
(HIV)-related liver damage. Liver injury is the second
and most frequent cause of HIV patients’ death after
acquired immune deficiency syndrome. The results of
clinical studies support close association between HIV
severity and liver disease progression. It is clear now
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that both liver parenchymal and non-parenchymal cells
play a significant role in HIV-triggered liver inflammation
and fibrosis pathogenesis and might serve as reservoirs
of HIV-infection. Hepatotoxicity comes from the direct
interactions between HIV and liver cells as well as from
harmful effects of anti-retroviral therapy potentiated by
second insults, like alcohol.

After 30 years of HIV pandemic, with the wide use of
effective ART that increased HIV-infected patient survival,
liver injury became recognized as an important clinical
[13]
manifestation of HIV-infection affecting its outcomes .
It has been shown that the liver plays a key role in the
clearance of circulating viral particles in the blood as
supported by data obtained in simian immunodeficiency
[14-17]
virus (SIV)-infected monkeys
. Liver transaminases
are frequently elevated in the sera of HIV-infected
patients even in the absence of accompanying viral
[18]
hepatitis . In addition, there is an association between
[19]
HIV RNA content and liver fibrosis .
Liver manifestations accompanying HIV-infection may
exist with no relationship to ART treatment outcomes and
thus, whether HIV infection itself, immunodeficiency, and
long-term ART are associated with the development of
chronic liver injury is still a matter of debate. Previously,
HIV-related liver injury was interpreted as a consequence
of opportunistic infections or AIDS-induced malignancies,
but recent data indicate that HIV itself may affect the liver.
In HIV-monoinfected patients, high HIV-1 load was shown
to be an independent risk factor for the development of
[20,21]
chronic elevated alanine aminotransferase (ALT)
and
[22]
steatosis . Furthermore, a detectable HIV load combined
with an aspartate aminotransferase (AST)-to-platelet ratio
index (APRI) greater than 1.5 is the risk factor of liver
disease development and is surrogative for significant
[23]
fibrosis . The impact of HIV viremia on liver fibrosis has
[24]
been also described in HIV/HCV-coinfected patients .
Nevertheless, many clinical and epidemiological studies
[25,26]
reported that HIV directly induces liver fibrinogenesis
in patients without viral hepatitis co-infection. A large
North American clinical investigation demonstrated that
HIV RNA plasma levels were associated with increased
Fibrosis-4 (FIB-4) score in the absence of HBV, HCV,
[27]
ART or alcohol use . Studies from three groups using
transient liver elastography detected liver injury in HIV[28-32]
monoinfected patients
, which correlates with high
[20]
plasma HIV RNA levels . Immunodeficiency-associated
liver injury was also reported in a retrospective analysis of
HIV-monoinfected patients with increased ALT values and
+
[21]
a CD4 cell count less than 200 cells/mL . In a cross+
sectional study, CD4 cells level less than 200 /mL was
[30]
considered as a predictor for abnormal liver stiffness .
In addition to HIV-induced hepatotoxicity in ART nonexposed individuals, long-term treatment of HIV-patients
with ART might be hepatotoxic, and especially this is a
case for the old drugs, like azidothymidine, nevirapine
[33-35]
and nucleoside analogs
. Previous observational data
investigating risks for death suggested possible chronic
[36,37]
ART-related hepatotoxicity
. Importantly, recent
Spanish cross-sectional study found that prolonged
ART exposure caused advanced liver fibrosis in HIVmonoinfected patients, but conversely, was protective for
advanced fibrosis in HCV-coinfected patients. Didanosine
and stavudine were identified as being of particular
risk for fibrosis in both HIV-monoinfected and HCV[38]
coinfected persons . This observation was confirmed
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INTRODUCTION
Incidence of human immunodeficiency virus-infection

The United Nations reported that at the end of 2017,
worldwide about 36.9 million people are living with
human immunodeficiency virus (HIV) infections, which
[1]
include 1.8 million children . Annual number of HIV
infections in the United States peaked in the mid-1980s,
then decreased through the early 1990s, and remained
[2,3]
relatively stable through 2010 . The Centers for
Disease Control and Prevention estimated that at the
end of 2015, 1.1 million persons aged 13 and older
were living with HIV infection in the United States,
including 162500 (15%) persons whose infection had
never been diagnosed. From 1987 to 2015, about
[4]
507351 people died from HIV disease . The highest
incidence of HIV in United States is in southern states,
which are home to around 45% of all people living
with HIV. This accounts for about 50% of the new
[5]
diagnoses every year in the United States . Around
70% of annual new HIV infections occur among gay
and other men who have sex with men, among whom
African American men are most affected, followed by
Latino/Hispanic men. Heterosexual African American
women and transgender women of all ethnicities are
[4]
also disproportionately afflicted .

Clinical evidence of HIV-related liver damage

Liver disease is now recognized as the most common
non-acquired immune deficiency syndrome (AIDS)
related cause of death among HIV-infected patients and
[6-8]
accounts for 14%-18% of all deaths in this group .
Approximately 50% of deaths among hospitalized HIVinfected patients in the antiretroviral therapy (ART)-era
[9,10]
have been attributed to liver problems
. While HIV
mono-infection elevates liver transaminase levels, the
exacerbation of liver injury is even more prominent when
HIV patients are co-infected with hepatotropic viruses
[hepatitis C virus (HCV) and hepatitis B virus (HBV)]
or are exposed to liver-damaging substances, such as
[11]
alcohol . Thus, managing the liver complications is very
[12]
important during the care of HIV-infected individuals .
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[20,30,39,40]

by several cross-sectional studies
. With further
development of anti-HIV drugs, modern ART became
less hepatotoxic. However, there are still reports on ARTassociated hepatic syndromes, such as nonalcoholic
fatty liver disease and non-cirrhotic portal hypertension
[41]
in HIV-positive individuals . Hepatotoxic effects of
ART are developed via multiple mechanisms, including
mitochondrial damage, generation of liver-toxic products
by drug metabolism, drug-induced hypersensitivity
[42,43]
reactions and immunosuppression
.
Viral load is essential to trigger liver damage. In fact,
close association between AST levels and HIV viral load
[18]
has been shown in HIV-infected patients . In addition,
mathematical modeling of liver enzyme elevation in HIVmono-infection also revealed that significant elevation of
alanine aminotransferase coincides with increased HIV[44]
load . These data were confirmed by experimental
studies on HIV-infected humanized mice demonstrating
that the decrease in human albumin levels correlated
+
with a decline in CD4 cells in the liver and with an
[45]
increase of HIV-1 viral load .

HIV RNA has been detected in primary human
[48-50]
[51,52]
hepatocytes both ex vivo
and in vitro
. We and
others have shown that many hepatocyte cell lines are
[53-55]
permissive to low level of HIV infection in vitro
.
However, the nature of receptors for viral entry on
hepatocytes are still under debate. As an option, it might
be CXCR4 and CCR5 in Huh7.5 cells, which serve for HIV
[56]
attachment/entering . In fact, several studies confirmed
that HIV-1 productive infection in primary hepatocytes
[55,57-59]
and hepatoma cell lines is CD4-independent
.
Another optional entry for HIV in hepatocytes is through
plasma membrane glycosphingolipids, such as Glycolipid
[60]
galactosyl ceramide . Usually, the level of HIVinfection in hepatocytes is low, but can be significantly
[53]
potentiated by second hits like co-infection or alcohol.
Our laboratory recently found increased HIV RNA levels
in primary human hepatocytes and Huh7.5 cells that
express CYP2E1, which becomes very visible upon
exposure of infected cells to ethanol. In these cells,
ethanol metabolism and specifically, ethanol metabolite
[53]
acetaldehyde increased HIV RNA levels .
Resident liver macrophages, Kupffer cells, have
higher infection levels than hepatocytes. They were
[48-50]
shown to be infected by HIV in vivo
. In vitro studies
[51,52]
suggested that this infection is productive
. Thus,
[61]
Jiang et al
detected intracellular expression of p24
antigen in Kupffer cells, endothelial cells and hepatocytes.
[62]
Lang et al , also demonstrated HIV infection in Kupffer
cells and intrahepatic lymphocytes by immunostaining
for HIV proteins.
Infection of Kupffer cells and hepatocytes with HIV
was confirmed by several approaches. First, in vivo
studies support the presence of HIV pro-viral DNA in
liver tissue, particularly, in Kupffer cells and isolated
[63]
hepatocytes . Second, the presence of HIV proteins
has been detected in parenchymal and non-parenchymal
[26]
liver cells by immunohistochemistry . The direct
interactions occur between HIV and various liver cells,
including hepatocytes, Kupffer cells, inflammatory
[48,64]
mononuclear cells, and sinusoidal cells
.
In addition to hepatocytes and Kupffer cells, HIV
replicates in HSC, which plays a significant role in HIV[26,65]
infection pathogenesis
. Further, it was a direct
correlation between the expression of HIV in liver cells
and severity of liver damage in HIV-infected patients.

HIV AND LIVER CELLS
The liver contains parenchymal cells (hepatocytes)
and various non-parenchymal cells. Hepatocytes can
produce a characteristic protein response to noxious
stimuli, termed the acute-phase response, which in turn,
regulates immune cell responses. Non-parenchymal
cells, such as Kupffer cells, sinusoidal endothelial cells,
hepatic stellate cells (HSC), dendritic cells, and liverassociated lymphocytes play a role in immunologic
surveillance within the hepatic sinusoids. Kupffer cells are
located mainly in the periportal area, which allows them
to phagocytose and eliminate pathogens entering the
[46]
liver via the portal blood flow .
There is growing evidence to suggest that HIV
may interact with several hepatic cell types. However,
detailed evaluation of HIV replication in liver tissue
has not been addressed to date. To this end, several
possibilities can exist. First, viral antigens per se may
engage liver cell populations without the need for viral
infections. Liver cells may respond to viral antigens,
which are the part of infectious virions (full viral particle)
or defective virions that are unable to productively infect
any cell type. These viral proteins may also represent
antigens that have been shed from virions and are
[47]
circulating freely . In the case of HIV, these soluble
antigens consist largely of the envelope glycoprotein
120 (gp120) and the trans-activator protein Tat. Other
HIV proteins from the lysis of HIV-infected cells may
be at a low concentration since they are diluted in the
systemic circulation and therefore, unlikely demonstrate
any appreciable effect in vivo. In addition to interactions
between viral antigens and liver cells, there is evidence
to suggest that several distinct liver cell populations,
including hepatocytes, hepatic stellate cells, and Kupffer
[47]
cells also support productive HIV infection .
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Role of HIV-induced hepatocyte apoptosis in
inflammation/fibrosis development

HIV induces hepatocyte cell death. It is not clear yet whether
pro-apoptotic effects and release of pro-inflammatory
cytokines by these cells come from intracellular HIV
replication or simply from hepatocyte interactions with
[26,66]
HIV antigens
. However, parenchymal cell apoptosis
serves as a basis for inflammation/fibrosis promotion. As
known, HIV glycoproteins stimulate hepatocyte expression
of the tumor necrosis factor (TNF)-related apoptosis
[67]
inducing ligand, which mediates apoptosis . Gp120 can
also activate the hepatic expression of interleukin (IL)-8,
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[68]

an important mediator of hepatic inflammation . In
vivo evidence of HIV-specific hepatocyte apoptosis come
from the studies on humanized mice models. Thus, study
[45]
from our group explored the immunopathogenesis of
HIV-1-induced depletion of human hepatocytes in HIV-1infected humanized mice dually reconstituted with human
hepatocytes and human immune system. This advanced
mouse model recapitulates multiple components of
liver damage by HIV-1- infection in humans, including:
+
(1) HIV-1-induced depletion in liver CD4 cells; (2)
decreased albumin levels; (3) liver immune activation;
and (4) human hepatocytes death. In a different study,
chronically HIV-1-infected humanized mice also showed
reduction of albumin levels and restoration of liver
[69]
synthetic function by ART , indicating the significance of
replicating virus. Collectively, these findings suggest that
HIV is expressed in human hepatocytes. However, the
level of HIV-infection in parenchymal cells is low when
compared to HIV permissive immune cells. This indicates
that hepatocytes may serve as a silent reservoir of HIV[70]
infection. Furthermore, Fromentin et al , reported that
hepatocytes can bind and internalize HIV-1 particles as
+
well as transmit cell surface-associated virus to CD4
T cells in the liver through intercellular cell adhesion
molecule-1/lymphocyte function-associated antigen-1
interactions. In addition, we observed that apoptotic
bodies generated from hepatocytes with removed
surface structures, can still infect HIV-permissive cells
(unpublished data), indicating that HIV penetrates inside
of hepatocytes and is not always only attached to cell
surface. This cell-to-cell exchange of infectious cargo, in
turn, might facilitate viral dissemination in the liver and
throughout the whole organism. Moreover, HIV-infected
hepatocytes can activate natural killer T cells as this cell
population is enriched in the liver and is susceptible to
[71]
productive HIV-1 infection .
Kupffer cells are known to play a key role in induction
of hepatocyte apoptosis and to be involved in promotion
[72]
of steatosis . Moreover, recent studies showed that SIV
and HIV-infected macrophage/monocytic cells secrete
elevated levels of transforming growth factor beta, which,
[17,73]
in turn, activate HSCs to induce fibrosis
. Engulfment
of apoptotic hepatocytes may serve as the activators for
[74]
Kupffer cells , thereby contributing to liver inflammation
development.
Not only macrophages, but HIV-specific T cells
may also promote liver fibrosis, but the evaluation of
intrahepatic virus-specific T cell responses is difficult due
to the low frequency of these cells in the liver and limited
[75]
availability of liver biopsy material from patients .
A study performed in HIV/HCV co-infected patients
demonstrated the presence of both HCV-specific and
[76]
HIV-specific T cells in the liver . As also demonstrated
in this study, HIV-specific T cells were more functional
than the HCV-specific T cells, and therefore, better
equipped to promote HSCs activation. Once HSCs are
activated, they exhibit properties of professional antigenpresenting cells and stimulate T lymphocyte proliferation
[77,78]
by endocytosing the peripheral particles
. Studies
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from two different laboratories reported that like dendritic
cells, HIV-infected HSCs can transfer the virus to infect
+
[79,80]
the susceptible CD4 lymphocytes
. The association
of HSCs with lymphocytes during liver inflammation, their
localization below the fenestrated sinusoidal endothelium
and the direct in vivo interaction with lymphocytes has
[81,82]
been confirmed by confocal microscopy
. Additionally,
when compared to cell free virus, cell-associated HIV-1
+
enter CD4 T cells, thereby causing effective infection.
Finally, HIV- infected HSCs were shown to activate the
neighboring cells, such as hepatocytes by providing an
[56,83]
important intrahepatic source of HIV proteins
.
Hepatocyte apoptosis and inflammation may also con
tribute to HSC activation, thereby causing liver fibrosis
progression. Hepatocyte apoptosis induces pro-fibrotic
activity of hepatic stellate cells in both HIV/HBV and
[65]
HIV/HCV co-infections . We have recently shown that
apoptotic bodies from HIV/HCV pathogen-expressing
hepatocytes trigger pro-fibrotic and to a lesser extent,
pro-inflammatory changes in HSC, thereby promoting
[53]
fibrosis development . Furthermore, in HCV-HIV
coinfected hepatocytes, the level of HCV RNA and
HIV RNA is higher than in monoinfected hepatocytes,
which becomes evident only when HCV-HIV-induced
cell apoptosis is blocked by pan-caspase inhibitor.
These in vitro pro-apoptotic effects of co-infection
are more prominent when hepatocytes are plated
[53]
on gels that mimic increased liver stiffness . In this
study, we have also demonstrated that increased liver
stiffness potentiates apoptotic cell death in co-infected
hepatocytes and thus, the progression of liver disease
+
may be faster if HCV co-infection occurs in HIV patients
with already fibrotic liver.
HIV-induced liver injury and specifically, hepatocyte
apoptosis is significantly potentiated by alcohol exposure.
Alcohol was shown to cause liver damage via oxidative
stress accompanied by the formation/release of free
reactive oxygen species that activate Kupffer cells.
In addition, oxidative stress induces macromolecular
damage to hepatocytes finally leading to apoptosis.
In HIV-infected patients, alcohol causes increased
activation of macrophages and hepatocyte apoptosis,
which promote HSCs activation via nuclear factor
kappa-beta (NF-kB) and activator protein 1, thereby
increasing production of proinflammatory and profibrotic
[53,84]
cytokines
. Figure 1, depicts the possible mechanisms
of interactions between the HIV- infected liver cells.

ROLE OF MICROBIAL TRANSLOCATION
AND MICROBIOTA IN HIV INDUCED
LIVER DAMAGE
It became clear now that microbial translocation is an
important determinant of clinical manifestations and HIV
[76]
disease progression . Damage to the intestinal mucosa
in patients with HIV leads to disruption of the gut epithelial
barrier, which facilitates leakage of luminal microbial
products to translocate into the portal and systemic
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Pro-fibrotic changes
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Figure 1 Possible mechanisms of interaction between human immunodeficiency virus-infected liver parenchymal and non-parenchymal cells. Human
immunodeficiency virus (HIV) infected immune cells are trapped by the liver. HIV envelope proteins interact with hepatocytes using the co-receptors CXCR4/CCR5
or GalCer to induce apoptosis. Apoptotic bodies from infected hepatocytes are captured by both hepatic stellate cells (HSC) and Kupffer cells. This process activates
both cell types, which induce the profibrotic changes and inflammation, respectively. In addition, activated Kupffer cells, in turn, regulate HSCs activation. The second
hit, alcohol, potentiates inflammation and fibrosis development by oxidative stress-induced hepatocyte apoptosis enhanced by HIV-infected Kupffer cells. All these
combined events may lead to fibrosis, cirrhosis and hepatocellular carcinoma development. All HIV related events can be suppressed by antiretroviral therapy. HIV:
Human immunodeficiency virus; ART: Antiretroviral therapy; GalCer: Galactosyl ceramide; Hep: Hepatocytes; ROS: Reactive oxygen species; HCC: Hepatocellular
carcinoma.
[85]

circulation . Gut microbial translocation leads to hepatic
injury primarily via increased hepatic levels of bacterial
lipopolysaccharides (LPS), causing hepatic inflammation
by one of three mechanisms: (1) Recruitment and
activation of inflammatory cells; (2) Indirectly induced
systemic immune responses and promotion of hepatocyte
[86,87]
cell death
; and (3) Production of cytokines and acute
phase cytokines, such as transforming growth factor
[88,89]
beta 1, IL-6 and IL-10
. As our understanding of gutliver axis has improved, this pathological translocation
of bacterial degradation products is recognized as a
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significant mechanism for triggering progressive liver
damage in many disease states, including alcoholic and
non-alcoholic liver diseases.
Further, HIV-infection directly targets gut lymphocyte
+
+
tissue and preferentially depletes CD22 , CD4 cells
[90-93]
and TH17 cells
. In addition, HIV viral proteins
increase the production of inflammatory cytokines by gut
epithelium, leading to enhanced apoptosis of epithelial
[94-96]
cells and breakdown of tight junctions
. Notably, this
gut barrier dysfunction appears to persist even after
successful treatment with ART, since soluble CD14 (a
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surrogate marker for the presence of bacterial LPS)
remains elevated even after systemic markers of infection
[97,98]
(such as viral load and IL-6) have normalized
. In
both cases, this leads to increased intestinal permeability
and hepatic exposure to LPS. LPS exerts its effect in the
liver primarily by activating the Kupffer cells and HSCs
via the Toll-Like-receptor 4 (TLR4)-mediated signaling
[46,99,100]
pathway
, which further activates three major
transcriptional complexes: NF-kB, activator protein 1 and
interferon regulatory factors. The specific actions of these
transcriptional complexes are poorly understood, but
the net effect of their activation is an upregulation of the
inflammatory/fibrotic HSC phenotype and potentiation/
[98]
increase in longevity of HSC cell lines . In the case of
Kupffer cell activation via TLR signaling, the mediators
upregulated by the TLR4 pathway include TNF-α,
IL-1, and IL-6, which promote liver fibrosis by directly
activating HSCs or by priming and recruiting other
[99,100]
inflammatory leukocyte populations
.

ART- induced hepatotoxicity in alcohol abusing patients,
[101,114]
particularly co-infected with HCV ones
. So far, little
attention has been paid to the mechanisms underlying
ART hepatotoxicity in combination with alcohol or other
cofactors. Some recent studies have demonstrated that
liver injury induced by alcohol and ART shares numerous
potential mechanisms. It is strongly believed that both
alcohol and ART can adversely affect the same cellular
[111]
targets (mitochondria, cytokines, and proteasomes) .
Hence, there is a critical need for studies that describe
mechanisms of ART-induced liver toxicity, particularly, in
combination with alcohol. These studies will be helpful in
evaluating potential therapeutic interventions. However,
ART-induced drug toxicity is not the only mechanism, by
which alcohol exacerbates liver injury in HIV- infection.
Alcohol also potentiates HIV-induced apoptosis of
[8]
hepatocytes , thereby causing intensive activation of
Kupffer cells and HSC and promotion of inflammation
[54]
and apoptosis in HIV-infected alcohol-abusing patients .

ALCOHOL-INDUCED LIVER INJURY IN
HIV-INFECTED PATIENTS

CONCLUSION
HIV induces liver injury by direct interactions with
parenchymal and non-parenchymal liver cells. These
HIV-infected liver cells, in turn cross-talk with unin
fected cells, thereby causing the spread of liver injury.
Multiple mechanisms can be attributed to the role of
HIV in promoting liver inflammation and fibrosis. The
most important are pro-apoptotic effects of HIV on
hepatocytes and HIV-associated microbial translocation
and microbiota changes. In addition to cytotoxic effects of
HIV on hepatocytes and activation of non-parenchymal
liver cells, ART also promotes liver injury due to drug
toxicity and/or drug metabolism, mitochondrial damage,
immunosuppression and drug hypersensitivity reactions.
The effects of HIV-infection on liver cells are tremendously
potentiated by second hits, and alcohol is most important
of them. Proper management of HIV-infected patients
requires recognition of liver injury conditions for effective
targeted diagnosis and treatment.

In United States, about 50% of deaths from HIV-induced
liver disease are due to alcohol-induced liver damage
but the mechanisms, by which alcohol potentiates HIV[12]
infection are not clear . Chronic alcohol consumption
[101,102]
is observed in 30% of HIV-infected patients
and
may result in alcoholic hepatitis, which leads to liver
[103,104]
deterioration
. Alcohol, via its metabolic effects,
depletes liver-protecting factors (like major anti-oxidant
glutathione), thereby enhancing the drug-related
[105-108]
toxicity
. The immunosuppressive properties of
chronic alcohol consumption enhance viral replication,
and the combination of alcohol and chronic infection
with hepatotropic viruses has synergistic and deleterious
[109,110]
effects
. Both alcohol misuse and addiction
significantly enhance the risk of advanced fibrosis and
cirrhosis in HIV mono-infection as well as in HIV/HCV
[111]
co-infection
. These observations were confirmed
[112]
by Chaudhry et al
. Alcohol use was categorized
according to National Institute on Alcohol Abuse and
Alcoholism instructions, and APRI was used to classify
the liver function: APRI greater than 1.5 is considered
[112,113]
as a significant liver disease
. It has been clearly
demonstrated that alcohol drinking is an important,
independent and variable risk factor for liver fibrosis
in HIV-infected patients. In this regard, ART/alcohol
associations are significant factors influencing liver
function. For instance, in alcohol misusing patients
with compromised liver function, proper dosing of ART
becomes challenging since the liver also metabolizes
these drugs. Thus, the doses should be adjusted
properly, otherwise liver dysfunction could lead to harmful
accumulation of some anti-HIV drugs. Even though
there are only a small number of drug interaction studies
assessing the outcome of alcohol misuse on ART, a few
of them have indeed documented an increased risk of
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Abstract
Colorectal cancer (CRC) is the third most common cancer
in men and the second most common cancer in women,
worldwide. In the early stages of the disease, biomarkers
predicting early relapse would improve survival rates.
In metastatic patients, the use of predictive biomarkers
could potentially result in more personalized treatments
and better outcomes. The CXC family of chemokines
(CXCL1 to 17) are small (8 to 10 kDa) secreted proteins
that attract neutrophils and lymphocytes. These chemo
kines signal through chemokine receptors (CXCR) 1 to 8.
Several studies have reported that these chemokines and
receptors have a role in either the promotion or inhibition
of cancer, depending on their capacity to suppress or
stimulate the action of the immune system, respectively.
In general terms, activation of the CXCR1/CXCR2
pathway or the CXCR4/CXCR7 pathway is associated with
tumor aggressiveness and poor prognosis; therefore,
the specific inhibition of these receptors is a possible
therapeutic strategy. On the other hand, the lesser
known CXCR3 and CXCR5 axes are generally considered
to be tumor suppressor signaling pathways, and their
stimulation has been suggested as a way to fight cancer.
These pathways have been studied in tumor tissues
(using immunohistochemistry or measuring mRNA levels)
or serum [using enzyme-linked immuno sorbent assay
(ELISA) or multiplexing techniques], among other sample
types. Common variants in genes encoding for the CXC
chemokines have also been investigated as possible
biomarkers of the disease. This review summarizes the
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[3]

most recent findings on the role of CXC chemokines and
their receptors in CRC and discusses their possible value
as prognostic or predictive biomarkers as well as the
possibility of targeting them as a therapeutic strategy.

endothelial growth factor (anti-VEGF), bevacizumab] .
Mutations in the RAS and BRAF family of oncogenes are
indicative of the inefficacy of anti-EGFR drugs and are
[4,5]
the only predictive markers available currently . The
recent classification of CRC into four molecular subtypes
has shed light on the biology of this tumor. However, the
clinical usefulness and application of this classification is
[6,7]
still under discussion .
It has been proposed that serum levels of certain
chemokines may be used as predictive markers
for the response to chemotherapy. The CXC family
of chemokines and their receptors are crucial for
inflammation and antitumor immunity, which are key
factors in CRC progression. These small proteins are
secreted not only by tumor cells but also by leukocytes,
fibroblasts, endothelial cells and epithelial cells. They
modulate tumor behavior by regulating angiogenesis,
activating tumor-specific immune responses and
directly stimulating tumor proliferation in an autocrine
or paracrine fashion. The CXC family of chemokines and
receptors have been associated with metastasis and
resistance to treatment. Several studies have reported
the expression of CXC chemokines and/or their receptors
in tumors (in epithelial tumor cells, fibroblasts or
infiltrating leukocytes) or in plasma/serum samples from
CRC patients, and this expression has been associated
with patient outcomes. Furthermore, the CXC genes
are highly polymorphic, and certain genetic variants
have been associated with prognosis and response to
treatment. The aim of the present work is to review the
literature and discuss the possible use of the CXC family
of chemokines as predictive or prognostic markers in
CRC (Table 1). We will focus on the main pathways that
are activated after the appropriate chemokines bind to
the receptors CXCR1, CXCR2, CXCR4, CXCR7, CXCR3,
CXCR5, CXCR6 and CXCR8.

Key words: Biomarkers; Treatment; Chemotherapy;
Oxaliplatin; Irinotecan; Immunotherapy; Colorectal
cancer; CXC chemokines; Immune system; Bevacizumab
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The contribution of the immune system to
the development and progression of cancer is now
fully acknowledged. The specific action of the immune
system depends on the type of immune cells that are
recruited to the tumor sites. Chemokines from the CXC
subfamily are released by tumor cells and cells within
the tumor microenvironment, whereupon they attract
+
+
cells with anti-tumor (e.g. , CD4 and CD8 lymphocytes)
or pro-tumor activity (e.g. , myeloid-derived suppressor
cells). Chemokines have been proposed as prognostic
factors, as biomarkers of response to therapy and as
drug targets. The present review addresses the most
recent findings in the field.
Cabrero-de las Heras S, Martínez-Balibrea E. CXC family of
chemokines as prognostic or predictive biomarkers and possible
drug targets in colorectal cancer. World J Gastroenterol 2018;
24(42): 4738-4749 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i42/4738.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i42.4738

INTRODUCTION
Colorectal cancer (CRC) is the third most common
type of cancer worldwide, representing approximately
10% of all diagnosed cancers, and it is the most
[1]
frequent cause of cancer-related deaths . In Europe,
the prognosis of localized disease is quite good; the
5-year overall survival rates are near 90%; however,
in patients with regional or distant disease, these
rates drop to 70% and down to 20%, respectively
(source: Europacolon, http://www.europacolon.com/
[2]
colorectalcancer.php?Action=Colorectalcancer) . One
of the main reasons behind this poor survival rate is
that, in almost all cases, tumors become resistant to
therapy. Therefore, it is necessary to find useful and
reliable predictive biomarkers that allow physicians to
assign effective drugs specific to each case. In general,
the current first-line treatment for metastatic CRC
(mCRC) is based upon combinations of chemotherapy
[fluoropyrimidines, oxaliplatin (OXA) and/or irinotecan],
consisting of doublets (FOLFOX or FOLFIRI) or triplets
(FOLFOXIRI) in specific cases, and rational molecularly
targeting agents [anti-epidermal growth factor receptor
(anti-EGFR), cetuximab or panitumumab; anti-vascular
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LITERATURE SEARCH
[8]

We established the work of Verbeke et al as reference
from which we searched the literature. We used
PubMed as the primary source to find all of the articles
published on this topic. The following keywords were
employed in the search: chemokine/s, resistance,
CRC, chemotherapy, 5 fluorouracil, OXA, cetuximab,
bevacizumab, CXCL1, CXCL2, CXCL3, CXCL4, CXCL5,
CXCL6, CXCL7, CXCL8, CXCL9, CXCL10, CXCL11,
CXCL12, CXCL13, CXCL16, CXCL17, CXCR1, CXCR2,
CXCR4, CXCR2 inhibitor, CXCR4 inhibitor, reparixin,
cancer, repertaxin, and plerixafor. In addition to
PubMed, we also performed a brief Google search for
“Chemokine CRC”.

THE CXC FAMILY OF CHEMOKINES
CXC chemokines are small proteins; CXC refers to the
location of the two cysteine residues near the N-terminal,
with the X representing any amino acid (cysteine-
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Table 1 CXC chemokines as biomarkers
Biomarker

Cancer type

Expression

CXCL1/2

Breast cancer

High

Where is it
measured?

Treatment

Paraffin embedded
Chemoresistance
tissue
5FU
CXCL1
CRC
High
Tumor and cell lines OXA + CURCUMIN
CXCL1/8 CXCR2
CRC, Prostate cancer
High
Cell lines and in vivo OXA + SCH-527123
CXCL8
CRC
Low
Serum
Chemotherapy +
Bevacizumab
CXCL8
Breast cancer
Polymorphism, TT
Peripheral blood
FOLFOX+
genotype
(DNA)
Bevacizumab vs
FOLFOX alone
CXCR1
CRC
Polymorphism
Whole blood (DNA)
OXA based +
Bevacizumab
CXCL7/8 CXCR2
CRC
High
mRNA levels tumors Surgery + ady vs
Ady alone
CXCR4
CRC
Colocalization-Lgr5 CRC cell lines and
tumors
CXCR4
CRC
ColocalizationCRC cell lines and in 5FU; 5FU and OXA
CD133
vivo
CXCR4-microbiota
CRC
High
in vivo and in vitro Lipopolysaccharides
CXCL12-visfatin
CRC
Interaction
CRC cells
CXCR4
CRC
High
Paraffin embedded
Patients that
tissue
underwent
hepatectomy
CXCR4
CRC
High
CRC cells
OXA or 5FU
therapies including
anti-VEGF
CXCL10-KRAS mut
CRC CMS2 and
Low
TCGA, tumors
CMS3
CXCL10
CRC
High
CRC cells, tumors, in
vivo
CXCL10
CRC
Expression
Post-surgical
localized CRC
CXCR3
CRC
High
Protein levels in
primary tumors
CXCL10/11
CRC
High
Serum
CXCL9/10
CRC
High
in vivo
Anthracyclines +
STAT KO
CXCL9/10/11
Rectal cancer
High
mRNA levels tumors 5FU + Radiotherapy
CXCL4
CRC
High
in vivo
5FU
CXCL13 CXCR5
CRC
High
Plasma levels and
paraffin embedded
tissue
CXCL13-microbiota
CRC
High
Tumors
CXCR5+ CD8+ T cell
CRC
Presence
Tumors
CXCL13
CRC
Low
mRNA levels tumors
CXCL16
CRC
High
Serum
CXCL17
CRC
High
mRNA levels cell
lines and tumors

Predictive value

Ref.

Poor

[17]

Poor
Poor
Good

[18]
[22,24]
[25,26]

Good

[26]

Good

[27]

Poor

[28]

Poor

[35]

Poor

[36,38]

Poor
Poor
Poor

[39]
[40]
[41]

Poor

[46]

Poor

[52]

Good

[53]

Good

[53,56]

Poor

[57]

Poor
Good

[58]
[60]

Good
Poor
Poor

[64,65]
[66]
[69,70]

Good
Good
Good
Poor
Poor

[71]
[73]
[56,74]
[81]
[87]

CRC: Colorectal cancer; OXA: Oxaliplatin; VEGF: Vascular endothelial growth factor; 5FU: 5-fluorouracil; KO: Knock out.

[9]

containing motif) . These chemokines can be subclassified based on the presence or absence of the
tripeptide motif (Glu-Leu-Arg at the NH2 terminus) as
+
+
ELR or ELR , respectively. The ELR chemokines are
considered to be angiogenic, whereas the ELR chemo
[10-12]
kines are considered to be angiostatic
. Nevertheless,
contradictory results have been published, which we will
discuss in the present review.
CXC chemokines are named according to their
original function, and they also follow the standard
nomenclature CXCLx, where the L stands for “ligand”
and the x corresponds to a number (Table 2). To exert
their function, chemokines bind to their cognate CXCR

WJG|www.wjgnet.com

which, in the majority of cases, is a 7-transmembrane G
[13]
protein-coupled receptor . After binding, the receptors
change their conformation and activate the coupled G
protein, initiating the corresponding signaling pathway.
Only a few of the CXCRs are atypical receptors, which
are not coupled to a G protein but to beta-arrestins;
these receptors include the atypical chemokine receptor
[14]
3 (ACKR3) also known as CXCR7 . Certain chemokines
can bind to more than one receptor and vice versa, as is
[15]
the case for the promiscuous CXCR2 (Table 2). After a
given CXCL binds and activates the corresponding CXCR,
the receptor is usually internalized through clathrinmediated endocytosis for further degradation or recycling
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Table 2 The CXC chemokines and their receptors
CXC ligand
CXCL1
CXCL2
CXCL3
CXCL4
CXCL5
CXCL6
CXCL7
CXCL8
CXCL9
CXCL10
CXCL11
CXCL12
CXCL13
CXCL16
CXCL17

Chemokine name

Receptor

ELR domain

Growth-regulated oncogene (Gro-α)
Growth-regulated oncogene (Gro-β)
Growth-regulated oncogene (Gro-γ)
Platelet factor-4 (PF-4)
Epithelial cell-derived neutrophil-activating peptide-78 (ENA-78)
Granulocyte chemotactic protein-2 (GCP-2)
Neutrophil-activating peptide-2 (NAP-2)
Interleukin-8 (IL-8)
Monokine induced by interferon-γ (Mig)
Inducible protein-10 (IP-10)
Interferon-inducible T cell alpha chemoattractant (I-TAC)
Stromal cell-derived factor-1 (SDF-1)
B cell-attracting chemokine-1 (BCA-1)
Scavenger receptor that binds phosphatidylserine and oxidized
lipoprotein (SR-PSOX)
VEGF-correlated chemokine-1 (VCC-1)

CXCR2
CXCR2
CXCR2
CXCR3
CXCR2
CXCR1/2
CXCR2
CXCR1/2
CXCR3
CXCR3
CXCR3/7
CXCR4/7
CXCR5
CXCR6

ELR+
ELR+
ELR+
ELRELR+
ELR+
ELR+
ELR+
ELRELRELRELRELRELR-

CXCR8

ELR+

VEGF: Vascular endothelial growth factor.

Degradation

Cellular
effects

Recycling

Signal
transduction
CX
CR

Internalization

Cell
membrane

CXCL

Figure 1 CXCL and CXCR regulatory mechanisms. Figure 1 illustrates CXCL binding to the CXCR located at the cellular membrane, internalizing and transducing
the signal into the nucleus. CXCR internalization is usually followed by degradation or recycling to the plasma membrane.
[16]

to the plasma membrane (Figure 1).
Originally, the role of these chemokines and their
receptors was associated with inflammatory processes
wherein leukocytes accumulate in injured or infected
tissues. Given that inflammation is a hallmark of
cancer, it is not surprising that once in the nucleus, the
CXC chemokines exert their activity through various
pathways, such as tumor necrosis factor alpha (TNF-α)/
nuclear factor κB (NF-κB) and protein kinase B (PKB/
[17,18]
AKT)
. These pathways are related to survival,
proliferation, angiogenesis, pathological processes
[19,20]
such as tumor growth and metastasis
, and even
responses to anticancer treatments (Figure 2).

affinity. All four chemokines have been found to be
[21]
upregulated in CRC . One of the most relevant studies
demonstrating the role of CXCL1 and 2 in treatment
resistance and metastasis was performed by the group
of Joan Massagué. This group showed that CXCL1 and
CXCL2 are overexpressed in breast cancer cells that
are primed for survival in metastatic sites. These two
+
+
chemokines attract CD11b Gr1 myeloid cells which, in
turn, produce more chemokines and enhance cancer cell
survival. Regarding chemoresistance, this group found
that chemotherapeutic agents, such as 5 Fluorouracil
(5FU), doxorubicin hydrochloride, cyclophosphamide
monohydrate and paclitaxel trigger a stromal reaction,
leading to TNF-α production. TNF-α increases CXCL1/2
expression via NF-κB, which results in a feedback
[17]
loop that promotes cancer cell survival . NF-κB is a
transcription factor that can be activated downstream
of the PKB/AKT and mitogen-activated protein kinase
(MAPK) signaling pathways. Increased activity of NF-κB
has been associated with the high expression of genes

AXIS 1: CXCR1 AND CXCR2
The CXCR1/CXCR2 pathway is the most widely studied
pathway in cancer. CXCL1, 2, 3 and 8 are proangiogenic
and chemoattractive chemokines that all bind to the
receptor CXCR2, for which CXCL1 has the highest
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A
Anti-apoptotic
genes

Proliferation

Inflammation

Nucleus

Survival

CXCR

Immune
responses

NF-kB

ERK MAPK
PKB AKT
Cell
membrane
Signal
transduction

Physiological
conditions

B

Nucleus

Anti-apoptotic
genes

Survival
Proliferation

Inflammation

CXCR

Immune
responses

NF-kB
Cell
membrane
ERK MAPK
PKB AKT

Signal
transduction

Positive feedback loop

Cancerchemotherapy

Figure 2 CXCL and CXCR network in physiological and cancer conditions. A: The binding of CXCL to CXCR triggers the activation of signaling pathways, such
as PKB/AKT and ERK/MAPK. Both pathways share NF-κB as a downstream factor which, in the nucleus, promotes the transcription of the CXCLs. These pathways
maintain the physiologic conditions inside the cell. B: In a cancer cell exposed to chemotherapy, the situation is different. The chemotherapeutic treatment promotes
the hyperactivation of these pathways. As a result, the CXCLs are also more abundant, promoting an autocrine response and, further, a positive feedback loop.
This response results in pathological processes, such as tumor growth and metastasis, and in resistance to anticancer treatments. PKB: Protein kinase B; ERK:
Extracellular signal-regulated kinases; MAPK: Mitogen-activated protein kinase; NF-κB: Nuclear factor κB.

especially synergistic in resistant cells. Moreover, in
experiments with tissue explants derived from hepatic
CRC metastasis, we determined that higher levels
of CXCL1 led to higher sensitivity of explants to the
combination of curcumin + OXA. Thus, the tumor or
serum levels of CXCL1 may serve as a useful biomarker
for OXA resistance and may be indicative of curcumin +
[18]
[22]
OXA sensitivity . In another study, Ning et al reported
that CXCL8 mediated resistance to OXA in CRC cell lines
through its binding to CXCR2 and AKT/MAPK/NF-κB
signaling. The gene silencing of CXCR2 sensitized cells
to the platinum drug. Treatment of CRC cell lines with a
CXCR2 antagonist (SCH-527123) resulted in decreased
migration and invasion, and increased apoptosis, acting
synergistically with OXA. Further work performed in vivo

related to cancer cell survival, proliferation, angiogenesis,
and also the development of resistance to anticancer
drugs (Figure 2). As CXCL1 and 2 (and other chemokines
that bind to CXCR1 and 2) can activate this pathway,
it is not surprising that these chemokines play a role
in chemoresistance and may also serve as predictive
biomarkers in CRC.
For instance, we reported that CRC cells with
acquired resistance to OXA exhibited high intracellular
and secreted levels of CXCL1, 2 and 8, which was a
consequence of the upregulated activation of NF-κB
in the resistant cells. Both the inhibition of NF-κB with
curcumin and the silencing of genes encoding for these
chemokines led to a partial reversion of the resistance
phenotype. The combination of curcumin and OXA was
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[23]

demonstrated similar results . These results, together
[24]
with those reported by Wilson et al in prostate cancer
cells, suggest that the levels of at least CXCL1 and 8 (and
also CXCR2) can identify CRC patients who are unlikely
to respond to OXA, who may be putative candidates for
treatment with CXCR2 inhibitors in combination with this
platinum agent.
The role of the CXCR1/CXCR2 pathway in the re
sponse and resistance to chemotherapy is not limited to
OXA. Due to the role of these chemokines and receptors
in promoting angiogenesis, it has been speculated
that they can influence the response and resistance
to antiangiogenic drugs. Two works reported that low
serum levels of CXCL8 in mCRC patients treated with
chemotherapy plus bevacizumab had better outcomes.
[25]
First, in a short communication from Abajo et al ,
low levels of CXCL8 measured before treatment
with bevacizumab, irinotecan and gemcitabine, were
associated with better response rates in a small cohort
of patients. This group also reported a general decrease
[25]
in the levels of CXCL8 in post-treatment samples . In
[26]
another study, Di Salvatore et al analyzed the serum
levels of CXCL8 in 120 RAS mutant patients treated
with first-line 5FU + Leucovorin + OXA (known as
FOLFOX) + bevacizumab. They found that low levels
of CXCL8 were associated with longer progression-free
(PFS) and overall survival (OS). The same group also
studied a polymorphism (c-251T>A) in the CXCL8 gene
and reported that the TT genotype was associated with
longer PFS and OS in the aforementioned patients but
not in another cohort that was treated only with FOLFOX.
Interestingly, patients carrying the TT genotype had
significantly lower serum levels of CXCL8 compared
[26]
with patients with the AT or AA genotype . Another
polymorphism (rs2234671) in the CXCR1 gene was
found to be associated with the overall response
rate in 132 mCRC patients treated with OXA-based
chemotherapy plus bevacizumab. However, the authors
did not provide a biological explanation underlying these
[27]
results . Two methods of measuring chemokines and
their receptors include the immunohistochemical staining
of proteins in tumor tissues and the qPCR evaluation
of mRNA levels. Using these techniques, Desurmont
[28]
et al
determined that high levels of CXCR2 and its
ligands, CXCL7 and 8, were associated with worse PFS
and OS in CRC patients who underwent neoadjuvant
chemotherapy (different schedules) followed by meta
static hepatectomy, but not in those who were treated
with surgery alone. CXCR2 and CXCL7 mRNA levels
were higher in metastasis from chemotherapy-treated
patients compared to metastasis from patients who
underwent surgery alone. These data suggest not only
the prognostic value of CXCR2 (and CXCL7) but also
its involvement in disease aggressiveness. Therefore,
targeting the CXCR1/2-mediated signaling pathway has
been suggested as a possible therapeutic approach for
treating CRC and other tumors.
As the CXCR1/2-mediated signaling pathway is
associated with inflammation, several studies have
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described how the inhibition of CXCR1 or CXCR2 could
[29-31]
potentially be used for preventive purposes
. Notably,
[31]
the study by Jamieson et al
showed that CXCR2
acts as a potent pro-tumorigenic CXCR which directs
the recruitment of tumor-promoting leukocytes into
tissues (including the intestines) during tumor-inducing
and tumor-driven inflammation. Thus, the deletion or
inhibition of this receptor led to the profound suppression
of inflammation-driven and spontaneous tumorigenesis
in a mouse model of colon cancer, suggesting that CXCR2
antagonists may have therapeutic and prophylactic
[31]
potential in the treatment of cancer . Additionally, in the
metastatic setting, it has been shown that treatment with
[23,32-34]
inhibitors of this pathway may be a good strategy
.
Interestingly, the use of two different inhibitors against
CXCR1 and 2 reduced the development of metastasis in
mouse models but had no effect on primary tumors. This
effect was due, in part, to the capacity of the inhibitors to
[15]
abrogate neovascularization .

AXIS 2: CXCR4 AND CXCR7
The CXCR4/CXCR7 pathway is activated after the binding
of CXCL12 to CXCR4 or 7. Strikingly, although CXCL12 is
an ELR chemokine, the activity of this pathway has been
primarily associated with stemness, the development of
metastasis and poor prognosis. CXCR4 has been shown
to co-localize with CRC stem cell markers, such as Lgr5,
CD133 and CD44, and this co-localization was associated
with epithelial-mesenchymal transition (EMT) processes
[35-38]
and resistance to therapy
. Similar to CXCR1/2, the
NF-κB transcription factor appears to have a role in the
induction of EMT. In this case, it has been shown that
lipopolysaccharides can promote the migratory capacity
of CRC in vivo and in vitro by inducing CXCR4 expression
[39]
and EMT through NF-κB signaling . Additionally, the
link between obesity and CRC has been attributed
to the interaction between the adipokine visfatin and
[40]
CXCL12 . CXCR4 expression appears to be increased in
tumors compared with normal tissues and in metastasis
compared with primary tumors. This increase is
associated with poor prognosis, as shown in the work by
[41]
Yopp et al . This group assessed CXCR4 (among other
factors) expression by immunohistochemical staining
in 75 patients who underwent partial hepatectomy
with curative intention and found that CXCR4 positivity
was negatively associated with disease-specific and
[41]
recurrence-free survival . This finding suggests the
possibility of targeting CXCR4 for therapeutic purposes. A
lentiviral vector carrying siRNA targeting CXCR4 was used
in CRC cell lines and a mouse model; the result was a
reduction in cell proliferation, migration and invasion and
[42]
the formation of hepatic metastasis . Other researchers
are attempting to exploit the membrane localization
of CXCR4 to direct nanoparticles that recognize this
receptor, facilitating their entry into the cells to deliver
[43]
antineoplastic drugs . Specific inhibitors, such as
plerixafor, have been identified as a possible therapy for
CRC and are under investigation in several clinical trials
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involving solid and non-solid tumors. Regardless of the
strategy, it is important to take into account the biology
of CXCR4 and 7. Two studies reported inconsistent
regulation and effects between these two receptors.
[44]
Romain et al reported elevated levels of both receptors
in late stage carcinomas compared to normal mucosa,
colon polyps or early carcinomas. However, this group
demonstrated that while CXCR4 expression was strongly
induced by hypoxia-inducible factor 1 alpha (HIF-1α),
this was not the case of CXCR7. Moreover, the reduction
of CXCR4 expression was associated with a decrease
in AKT and extracellular signal-regulated kinases (ERK)
activation which, was not observed for CXCR7. The
authors conclude that CXCR4 is a more promising target
[44]
compared to CXCR7 in CRC . Similarly, Heckmann
and colleagues showed different (and partly antidromic)
patterns of expression between CXCR7 and CXCR4 after
stimulation with CXCL12 in colon cancer cells. CXCR4
overexpression was associated with increased levels
of microRNA-217 and -218 in CXCR4-overexpressing
cells, but this was not the case for the overexpression
of CXCR7. Additionally, CXCR4 cells were more
[45]
sensitive to 5FU compared with CXCR7 cells . Thus,
the clinical application of CXCR4 antagonists, such as
plerixafor, should be studied with caution. Finally, the
relationship between this pathway and the resistance
to treatment of CRC has also been studied. High levels
of CXCR4 were found to be associated with resistance
to all chemotherapeutic agents used (5FU, irinotecan
and OXA), including anti-VEGF therapies. In SW1116
colon cancer cells with acquired resistance to OXA or
5FU, the expression of and signaling through CXCR4
was found to be associated with the chemoresistant
phenotype. Specifically, the authors demonstrated
that the ERK1/2/MAPK and phosphatidylinositol-3kinases (PI3K)/AKT pathway was important in CXCR4[46]
mediated chemoresistance . The effect of CXCR4 on
resistance to OXA can be exploited therapeutically by
using endostar, a modified endostatin. When endostar
and OXA are administered together, they have a
synergistic effect, primarily due to the reduction in
[47]
CXCR4 levels . In two different orthotopic mouse
models, treatment with anti-VEGFR2 therapy resulted
in the upregulation of both CXCL12 and CXCR4. CXCR4expressing immunosuppressive innate immune cells
(Ly6low monocytes) were recruited to the tumor site
upon treatment with anti-VEGFR2, which was abrogated
[48]
after CXCR4 blockade .

and, therefore, they have important roles in inflammatory
[50]
diseases, such as ulcerative colitis and active pulmonary
[51]
+
tuberculosis . However, the infiltration of activated CD4
+
and CD8 T cells in tumors is considered to be a good
prognostic factor; consequently, most of the research on
the expression of these chemokines or their receptors
in the context of CRC is focused in that direction. An
[52]
interesting study by Lal et al
suggests that KRAS
mutations are associated with reduced levels of CXCL10
and with the suppression of cytotoxic T cells, neutrophils
and the IFN-γ pathway, especially in CRC consensus
molecular subtype (CMS) 2 and CMS3. Other studies
also reported the potential of these chemokines as good
prognostic factors, primarily because of their association
+
+
with the high infiltration of CD8 T and CD4 T helper 1
[53-55]
(Th1) effector cells
. Mice injected with colonic tumor
cells overexpressing CXCL10 were protected against
[53]
metastasis development . Two independent studies
demonstrated the post-surgical positive prognostic value
[53,56]
of CXCL10 expression in localized colon cancer
.
[57]
Specifically, in the study by Agesen et al , CXCL10
levels were part of a 13-gene expression classifier called
ColoGuideEX for the prognosis prediction in stage II
CRC. Interestingly, some authors have reported the
opposite results. For instance, a high level of CXCR3
protein expression in primary CRC tumors was shown
[57]
to be indicative of a poor prognosis . In another study,
the authors investigated the molecular factors underlying
the poor prognosis of CRC tumor neuroendocrine
differentiation and found that neuroendocrine-like cells
secreted high levels of CXCL10 and CXCL11 which, in
turn, promoted the recruitment of tumor-associated
macrophages, thereby promoting the proliferation and
[58]
invasion of CRC cells and leading to a poor prognosis .
Taken together, these findings appear to indicate
that targeting CXCR3 or its ligands would not be an
effective therapeutic strategy against CRC. However,
some authors have speculated otherwise about the
possibility of enhancing this pathway indirectly. It is worth
commenting on three different papers that address
[59]
three different strategies. First, Brackett et al
used a
Toll-like receptor 5 (TLR5) agonist called entolimod in a
murine mCRC model. This group found that entolimod
induced the expression of CXCL9 and CXCL10 in tumors
+
which, in turn, led to the recruitment of CXCR3 NK cells
to the liver, thereby activating dendritic cells (DCs) and
+
stimulating the CD8 T cell response. Consequently,
the drug exerted an anti-metastatic effect and a tumor[59]
specific and durable immune memory . Second, Yang
[60]
et al studied the effect of signal transducer and acti
vator transcription 3 (STAT3) inhibition in combination
with immunogenic chemotherapy (anthracyclines). This
group showed that, when injected in mice, STAT3 KO
cells developed tumors with higher infiltration of DCs
and cytotoxic T cells after treatment with anthracyclines.
These tumors also displayed higher levels of CXCL9
and 10. Consequently, STAT3 inhibition improved the
outcome of chemotherapy-treated mice by synergizing
[60]
with immunogenic chemotherapy . Another interesting

AXIS 3: CXCR3
The chemokines CXCL4, CXCL9, CXCL10 and CXCL11
are considered to exert an angiostatic effect through their
binding to CXCR3, although CXCL11 can also bind to
[49]
CXCR7 . CXCR3 is found on peripheral blood activated
T cells in vitro and on a significant fraction of circulating
+
+
CD4 and CD8 T cells, B cells and natural killer (NK)
[50]
cells, but not on monocytes or neutrophils . These
chemokines are upregulated by interferon gamma (IFN-γ)
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[75]

approach involved the depletion of regulatory T cells
(Treg) in mice bearing CRC tumors. This depletion was
associated with an increase in T cell infiltration and
proliferation and an increase in CXCL9 and 10, which led
+
to the accumulation of CXCR3 T cells and the increased
mRNA expression of IFN-γ, which suggests Treg cell
[61]
targeting as a possible anti-tumor immunotherapy .
It is important to note that some studies have indicated
that CXCR3 targeting may be a good strategy against
[62,63]
CRC cancer
.
[64]
Finally, high mRNA levels of CXCL9 and 11
as
[64,65]
well as CXCL10
appear to be associated with the
response to neoadjuvant chemotherapy (5FU) plus
radiotherapy in patients with locally advanced rectal
cancer; on the other hand, CXCL4 was shown to be
upregulated after treatment with 5FU, which was
[66]
associated with accelerated growth in vivo . These
studies suggest the possibility of using members of this
pathway as predictive biomarkers.

adhesion molecule for cells that express CXCR6 . TMCXCL16 is also a novel scavenger receptor that binds
to phosphatidylserine and oxidized lipoprotein. In the
membrane, this chemokine is cleaved by the disintegrinlike metalloproteinases ADAM10 and ADAM17, producing
[76]
fragments that are released outside the cells . sCXCL16
functions as a chemotactic factor for CXCR6-expressing
Th1, T cells and NK cells. Interestingly, soluble CXCL16
can promote angiogenesis in human umbilical vein
[77]
endothelial cells . Again, given its capacity to promote
tumor immunity, many of the published works describe
[78-80]
CXCL16 as a positive prognostic factor
. On the other
[81]
hand, Matsushita et al
reported that CRC patients
had higher levels of CXCL16 in the serum compared
to healthy controls, and these levels increased with
tumor stage and were correlated with poor survival.
In patients with localized disease, higher serum levels
of CXCL16 were associated with a higher probability of
metachronous liver recurrence and worse survival. In
vitro, treatment with recombinant CXCL16 promoted cell
[81]
growth, migration, invasion and EMT . Thus, the exact
role of CXCL16 in CRC warrants further investigation.
Finally, CXCL17 is a 119-amino acid CXC chemokine
[82,83]
that binds specifically to CXCR8
. This chemokine
is expressed in breast and colon cancer and acts as
a chemoattractant for monocytes, macrophages and
mature and immature DCs, thereby playing an important
[84-86]
role in angiogenesis
. CXCL17 expression is co[82,84]
regulated with VEGF expression
and can attract
neutrophils to tumor sites and promote tumorigenesis
[86]
through angiogenesis in mouse models . Very little
is known about the role of CXCL17 in CRC. Ohlsson
[87]
et al reported high mRNA levels of CXCL17 in several
CRC cell lines as well as very high mRNA and protein
levels of CXCL17 in primary CRC tumors compared to
normal colon tissue. CXCL17-positive cells measured by
immunofluorescence and immunohistochemistry were
significantly more abundant in colon cancer tissues (80%)
compared with the controls (normal colon samples
from proximal or distal resection margin). Interestingly,
CXCL17 was more abundant in tumor epithelial cells
(17.2%) in comparison with tumor stromal cells (2.7%),
and CXCL17 mRNA levels were correlated with the
myeloid cell marker CD86, which is primarily expressed
in antigen presenting cells (APCs), suggesting that this
chemokine may contribute to the infiltration of APCs into
[87]
the tumor . Taken together, these findings indicate
that the high expression of CXCL17 in CRC may be an
indicator of poor prognosis in colon cancer, although
further studies are warranted to elucidate the exact role
of this chemokine in this malignancy.
In summary, very little information is available
on the role of these less-known chemokines in CRC
development or response to treatment.

AXIS 4: MISCELLANY
Finally, it is worth commenting on the lesser known
chemokines CXCL13, 16 and 17. Similar to that of the
previously mentioned chemokines, the CXCL13-CXCR5
axis is involved in regulating lymphocyte migration and
[67]
promoting inflammation . However, the role of this
axis in promoting or inhibiting tumor development or
progression is not clear, as the current articles report
[68]
contradictory results. Zhu et al
reported that this
pathway promotes the growth, migration and invasion of
colon cancer cells, likely through the PI3K/AKT pathway.
Accordingly, high plasma levels of CXCL13 and positive
immunohistochemical staining of CXCL13 and CXCR5
in tumors from CRC patients were associated with
clinical and pathological characteristics typically related
[69,70]
with a worse prognosis
. In contrast, high levels of
CXCL13 in colorectal tumors have also been shown to be
associated with the infiltration of follicular Th and B cells
and, consequently, with a better prognosis. Cremonesi
[71]
et al
attributed the increase in CXCL13 levels to the
presence of gut microbiota, whereas in the work of
[72]
Bindea et al , genomic instability affected CXCL13
expression, which led to alterations in T and B cell
infiltration and clinical outcomes. In addition, it appears
+
that a significant CD8 T cell subset in colorectal tumors
+
that are CXCR5 potentially contribute to anti-tumor
[73]
activity . Not surprisingly, low levels of CXCL13 have
been reported as a negative prognostic factor in CRC
[56,74]
patients
. These contradictory results may be affected
by several factors, including tumor stage, treatment,
molecular subtype and microsatellite instability.
+
CXCR6 is expressed on the surface of CD4 T cells,
+
CD8 T cells, NK cells and plasma cells and is responsible
for inducing the chemotactic migration of these cells to
inflamed tissues. The ligand of CXCR6, CXCL16, has two
forms, the trans-membrane (TM) form and the soluble(s)
form. TM-CXCL16 is expressed on macrophages, DCs,
monocytes, and B cells where it functions as a cell
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The importance of the immune system in the survei
llance, prognosis and treatment of cancer is undeniable.
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The recent development of immunotherapies and the
rapidness of their application to the clinics for several
tumor types demonstrate the possibilities of exploiting
the immune system as a target for drug development.
Moreover, the recent publication of the international
[88]
validation of the consensus Immunoscore as a reliable
tool to classify colon cancer and to prognosticate its
outcome also reveals the utility of using immune factors
+
[in this case, total tumor-infiltrating T cell (CD3 ) and
+
cytotoxic T cell counts (CD8 )] as biomarkers. Therefore,
other immune system-related factors thought to be
important in cancer development and/or progression may
also serve as prognostic and/or predictive biomarkers.
Specially, those soluble factors that are released from
tumor cells and are involved in the attraction of tumorpromoting or -killing cells are interesting candidates.
In the present review, we have described the potential
utility of chemokines from the CXC family as biomarkers
of response and prognosis in CRC. Moreover, as these
chemokines exert their function through binding to
membrane receptors, these receptors also appear to be
excellent drug targets. Some challenges still need to be
overcome. First, some researchers have doubts about
the systemic value of a factor that exerts its function
locally. Second, due to certain contradictory reports, a
deeper knowledge of the exact roles of each chemokine
and its receptor(s) is urgently needed. Nevertheless, we
are convinced that in the following years, these small
secreted proteins will have a large role in predictive and
personalized cancer medicine.
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MINIREVIEWS

Gut microbiota in common elderly diseases affecting
activities of daily living
Yukihiro Shimizu
disease, osteoporosis, sarcopenia, atherosclerotic stroke
and cardiovascular disease are major diseases associated
with decreased activities of daily living (ADL), especially
in elderly people. Recent analyses have revealed the
importance of gut microbiota in the control of these
diseases. The composition or diversity of these microbiota
is different between patients with these conditions and
healthy controls, and administration of probiotics or
prebiotics has been shown effective in the treatment
of these diseases. Gut microbiota may affect distant
organs through mechanisms that include regulating
the absorption of nutrients and/or the production of
microbial metabolites, regulating and interacting with the
systemic immune system, and translocating bacteria/
bacterial products through disrupted mucosal barriers.
Thus, the gut microbiota may be important regulators in
the development of diseases that affect ADL. Although
adequate exercise and proper diet are important for
preventing these diseases, their combination with
interventions that manipulate the composition and/or
diversity of gut microbiota could be a promising strategy
for maintaining health condition and preserving ADL. This
review thus summarizes current understanding of the
role of gut microbiota in the development or prevention
of diseases closely associated with the maintenance of
ADL.
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Core tip: Gut microbiota involved in the development or
prevention of various diseases. The composition of gut
microbiota is altered by conditions such as type 2 diabetes,
fatty liver, and malignancy such as colorectal cancer,
breast cancer and hepatocellular carcinoma. Moreover,
gut microbiota have been associated with Alzheimer’s
disease, osteoporosis, sarcopenia, atherosclerotic stroke

Abstract
Gut microbiota are involved in the development or
prevention of various diseases such as type 2 diabetes,
fatty liver, and malignancy such as colorectal cancer,
breast cancer and hepatocellular carcinoma. Alzheimer’s
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and cardiovascular disease. All of these diseases are major
causes of decreased activities of daily living (ADL). This
review summarizes current understanding of the role
of gut microbiota in the development or prevention of
diseases closely associated with the maintenance of ADL.

of cognitive decline in elderly people. Pathologically, AD
is thought to result from Amyloid (A) deposits in the
brain. However, neuroinflammatory reactions caused by
A deposits, lipopolysaccharide (LPS), bacterial products,
or neuroactive molecules may be more important for the
[13]
development of AD than A deposits itself . A microbiotagut-brain axis has been identified. This axis allows gut
microbiota to affect the physiology and pathology of
the brain. Intestinal mucosal barriers are occasionally
disrupted by pathogenetic bacteria and their products
such as LPS, leading to an increase in the permeability
of the blood-brain barrier. Thus, bacteria and/or bacterial
products from the gut could cause chronic inflammatory
responses in the brain, with these responses, in turn,
inducing the formation of neurodegenerative lesions of
[14]
the brain, such as those observed in AD . Signaling
pathways through the gut-brain axis may also participate
[15]
in AD . Moreover, the immune system may be an
important regulator of gut-brain interactions. Gut
microbes have been found to influence the maturation
and function of microglia, the most abundant type of
[16]
immune cells residing in the brain . Gut microbes have
also been shown to modulate activity of astrocytes,
which, although they are not brain-resident immune
cells, possess immune-related functions such antigen
[17]
presentation or cytokine production . Moreover,
microbes modulate the activation and maturation of
peripheral immune cells. All of these activities of gut
microbiota may be associated with neuroinflammation,
[16]
brain injury, and autoimmunity . Conversely, the brain
could regulate the gut through neurologic, immunologic,
[4]
and hormonal messages .
Germ-free (GF) mice have provided important
information on the role of the gut microbiota in the
homeostasis of brain function. GF mice have been
reported to show anxiety-like behavior, which may be
due to upregulated expression of postsynaptic density
[18]
protein 95 . GF mice were also shown to be deficit in
[19]
spatial or working memory . These data suggest that
gut microbiota play a pivotal role in healthy functioning
of the brain. However, gut microbiota have also been
found to play a negative role. For example, experiments
in a mouse model of AD found that Aβ deposition in
the brain was lower in GF-Aβ precursor protein APP
transgenic mice than in conventionally-raised transgenic
APPPS1 mice. In addition, colonization of GF-APPPS1
mice with microbiota showed increased levels of A
deposit in the brain, indicating that gut microbiota are
[20]
involved in A deposits in the brain . These seemingly
inconsistent results suggest that the composition and/or
balance of gut flora may determine the effect of gut
microbiota on brain physiology and pathology.
Gut microbiota produce several substances,
including SCFA, serotonin, and LPS, which act as
important mediators not only of physiological functions
but also for pathogenetic agents. Major SCFAs are
butyrate, acetate and propionate, with each molecule
having specific functions in the gut and/or brain.

Shimizu Y. Gut microbiota in common elderly diseases
affecting activities of daily living. World J Gastroenterol 2018;
24(42): 4750-4758 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i42/4750.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i42.4750

INTRODUCTION
14

More than > 10 microorganisms live in the human gut,
with most residing in the ileum and colon. Firmicutes
and Bacteroidetes are the major phyla, followed by
[1]
Proteobacteria, Actinobacteria, and Faecalibacteria .
The functions and role of these bacteria in maintaining
homeostasis of energy, metabolism, and immunity
have been extensively analyzed. Moreover, dysbiosis
in the gut has been shown to be associated with
various diseases, including obesity, type 2 diabetes,
fatty liver, autism, inflammatory bowel diseases and
malignancies such as colorectal cancer, breast cancer
[1]
and hepatocellular carcinoma . The repertoire of gut
microbiota is thought to be formed within one to three
years after birth, but may be altered by foods, stress,
treatment with antibiotics and aging.
Several aging-related diseases are causes of
decreased activities of daily living (ADL). These diseases,
including Alzheimer’s disease (AD), osteoporosis,
sarcopenia, atherosclerotic stroke and cardiovascular
disease, are major causes of being bedridden in
[2]
Japan . Because the population of elderly people has
been rapidly increasing, methods are urgently needed
to prevent and treat these disorders.
Gut microbiota have been shown to interact with the
[3-7]
[8-11]
[12]
nervous , musculoskeletal
and cardiovascular
systems, suggesting that manipulation of gut microbiota
may be a key strategy for the prevention or treatment of
disorders associated with reduced ADL. There are three
possible mechanisms by which gut microbiota can affect
distant organs. The first is by regulating the absorption
of nutrients from food or the production of microbial
metabolites such as short-chain fatty acids (SCFA) or
vitamins; the second is by regulating of the systemic
immune system; and the third is by translocating
bacteria/bacterial products through disrupted mucosal
[8]
barriers (Figure 1) . This review summarizes current
knowledge of the role of gut microbiota in the regulation
of the development of AD, osteoporosis, sarcopenia, and
cerebro and cardiovascular diseases.

AD
AD is a neurodegenerative disease and the major cause
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Gut microbiota
Production of SCFA
vitamines

Gut epithelium

Various biological activities

Bacteria
Bacteria products (SCFA)
Lipopolysaccharide

Systemic chronic inflammation

Activation of ILCs
Induction of Tregs or Th17 cells

Immune regulation

Figure 1 Three possible mechanisms by which gut microbiota can affect distant organs. SCFA: Short chain fatty acids; ILCs: Innate lymphoid cells; Th17: T
helper 17.

Butylate was shown to have protective properties in
[21]
the brain , and administration of sodium butylate
to a mouse model of AD improved learning and
[22]
memory function . Recently, four cultivable butylateproducing bacteria were isolated from fecal samples
from Japanese AD patients, all of which are considered
to be unique operational taxonomic units. The analysis
for biochemical mechanism of butylate production from
those bacteria may contribute the novel approach to
stimulate the butylate production in the gut, possibly
leading to the improvement of the memory function in
[23]
patients with AD .
Gut microbiota have been shown to produce more
than 90% of whole body serotonin, an important
metabolite that regulates cognitive ability. Moreover,
exogenous serotonin was shown effective in reducing A
[7]
deposits in the brain . GF mice show decreased levels
of serum serotonin, indicating that the gut microbiota
is major sources of serum serotonin. To date, however,
there has been no direct evidence showing that serotonin
produced in the gut passes the blood-brain barrier in
physiological conditions. Thus, the actual role of gutderived serotonin in brain function remains unclear. Other
gut microbiota metabolites associated with AD include
mannitol, succinic acid and 3,4-dihydroxybenzeneacetic
acid, all of which are related to AD cognitive decline or
[5]
susceptibility to AD .
No specific gut microbe has been associated to
date with AD development. Rather, a recent analysis
revealed that reduced diversity of microbes is associated
[6]
with AD . A similar negative correlation between gut
microbiota diversity and susceptibility to AD development

WJG|www.wjgnet.com

was observed in a comparative analysis of gut microbes
in subjects from developed and developing countries.
Microbial diversity is lower, and AD prevalence higher, in
[24]
developed than in developing countries .
The contribution of gut microbiota to cognitive
function was indirectly suggested by the effect of
probiotics on AD. Probiotics are microorganisms that
maintain or restore beneficial bacteria and maintain a
balance between “good” and “bad” bacteria in the gut.
Probiotics containing Lactobacillus helvetics R0052 and
Bifidobacterium longum R0175 were found to alleviate
cognitive behavioral responses to external stimuli
[25]
in healthy volunteers . Recently, administration of
Bifidobacterium breve strain A1 to AD model mice was
[26]
shown to reverse the cognitive dysfunction . These
findings indicate that changes in the gut microbiota could
sufficiently improve cognitive function, and suggest that
probiotics may have possible therapeutic potential in
patients with AD.

OSTEOPOROSIS
Osteoporosis is a bone disease characterized by
reductions in bone density and quality, and is a major
cause of vertebral compression and femoral bone
fractures. These fractures often reduce patient ADL
or quality of life and may result in patients being bedridden. The pathogenesis of the disease is complex, but
common processes include elevated bone reabsorption,
decreased bone formation, and increased inflammatory
reactions in bone.
Links between gut microbiota and bone have been
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[40]

elucidated mostly from studies in mice. Compared with
normal mice, GM mice showed increased trabecular
bone volume/tissue volume, with these parameters
[9]
becoming normalized after colonization . The numbers
+
+
of CD4 T cells and osteoclast precursor cells (CD11b /
Gr1 ), and the expression of mRNA encoding the
osteolytic cytokine TNF-a are reduced in bone marrow
of GM mice, with all of these factors leading to reduced
[9]
osteoclastogenesis .
Gut microbiota were recently shown to increase serum
concentrations of insulin-like growth factor-1 (IGF-1),
[27]
which promotes bone formation and remodeling .
Depletion of microbiota by the administration of broadspectrum antibiotics reduced serum IGF-1 levels, a
reduction reversed by SCFA supplementation, sugges
ting that SCFA production by microbiota through the
fermentation of dietary fiber may induce expression
of IGF-1. These reports indicate that gut microbiota
regulate bone metabolism, although their effects may
differ according to genetic background, age, and/or
sex. The role of gut microbiota in bone metabolism can
also be analyzed by assessing the effects of probiotics
or prebiotics on bone density. In mouse models, the
effects of gut microbiota have been analyzed in male and
ovariectomized female mice, the latter being a model of
a postmenopausal, estrogen-deficient state. Probiotics
such as Lactobacillus strains have been shown to increase
[28-32]
bone mass along with changes in gut microbiota
.
For example, Lactobacillus ruteri administered to
ovariectomized mice was shown to protect these mice
from bone loss, possibly by reducing expression of Trap 5
and receptor reactivator of NF-B ligand, which are markers
of osteoclast activation and bone resorption, leading to
a reduction in osteoclastogenesis. Oral administration
of Bifidobacterium longum for 16 wk to ovariextomized
rats was found to upregulate bone formation, as shown
by increases in serum osteocalcin concentrations and
osteoblasts, and to downregulate bone absorption,
as shown by decreased serum C-terminal telopeptide
concentrations and osteoclasts, leading to an increase in
[33]
bone mass density . These effects were mediated by
upregulation of the Bem-2 and Sparc genes, the former
being a key gene for osteoblast differentiation and the
latter being a gene involved in bone calcification.
In addition, several reports have described the
effects of prebiotics on bone density. Prebiotics are nondigestible food ingredients that promote the growth of
beneficial microorganisms in the gut. Major prebiotics
include non-digestible oligosaccharides, such as fructooligosaccharides (FOS), galacto-oligosaccharides (GOS),
xylo-oligosaccharides, and inulin, with FOS and GOS
[34,35]
shown to increase bifidobacteria in the intestine
.
Administration of GOS or inulin to healthy male rats was
shown to increase calcium absorption from the intestine,
[36,37]
leading to an increase in bone mineral density
.
FOS and inulin were also shown to enhance intestinal
[38,39]
calcium absorption in gastrectomized male rats
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and ovariectomized female rats . FOS and GOS
were shown to increase bone strength by enhancing
[34,35,41]
calcium absorption
. The main mechanism by
which prebiotics increase calcium absorption from
the intestine may involve the production of SCFA by
microbiota through fermentation of the prebiotics, with
SCFA shown to directly stimulate calcium absorption
[35]
by gut epithelium . Collectively, supplementation
with probiotics or prebiotics may be a potential the
rapeutic intervention for the prevention or treatment
of osteoporosis in humans. However, there is limited
evidence showing that prebiotics are effective in patients
with postmenopausal or senile osteoporosis, although
one study reported that supplementation with calcium
and FOS had beneficial therapeutic effects on women
[42]
with postmenopausal osteoporosis .

SARCOPENIA
Sarcopenia is a condition in which muscle mass reduction
is accompanied by reduced muscle performance. Causes
of muscle weakness include aging, lack of physical
exercise, malnutrition, and complications of malignancy.
Mitochondrial dysfunction, accompanied by downregulation of mitochondrial gene expression, has been
[43]
observed in muscles of pre-frail elderly individuals ,
suggesting that activation of mitochondrial biogenesis
may be important in preventing sarcopenia in frail elderly
individuals.
Recent evidence has shown that gut microbiota
influence skeletal muscle. Microbial metabolites from
the intestines have been shown to act as nutrients or
metabolic modulators in muscles. These metabolites
include folate, vitamin B12, and tryptophan; bacteria
involved in the production of each nutrient or metabolite
[12]
have been identified . Possible effects are thought to
include biosynthesis of amino acids, DNA synthesis or
methylation, prevention of oxidative stress or endothelial
damage, and stimulation of anabolism or cell proliferation
[44-47]
via IGF-1 synthesis
. Other metabolites include
SCFAs, which target muscle mitochondria, leading to
the promotion of mitochondrial biogenesis through
binding to fatty acid receptors 2 and 3 in skeletal
[48,49]
muscle cells
. Among the SCFAs, butylate has been
shown to have the most prominent effect on skeletal
muscles. Butylate may help prevent muscle loss and
maintain muscle mass through anti-inflammatory
effects and activation of regulatory pathways, resulting
in increased ATP production and suppression of muscle
[50,51]
protein catabolism and apoptosis
. Another microbial
metabolite, urolithin A, was recently shown to preserve
the biogenesis of skeletal muscle cell mitochondria and to
[52]
improve exercise capacity in mice and rats . Moreover,
a randomized, double-blind, placebo-controlled trial
demonstrated that oral intake of urolithin A modulated
[12]
muscle and mitochondrial biomarkers .
The composition of gut microbiota characteristic of
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sarcopenic patients has not been determined. However,
the effects of probiotics on sarcopenia have been
analyzed. Supplementation with Lactobacillus species
was found to prevent muscle mass reduction in mice
[53]
with acute leukemia . In humans, treatment of elderly
patients with prebiotics containing FOS and inulin for 13
wk improved muscle function, as shown by decreases
[54]
in exhaustion and improved handgrip strength . Taken
together, these findings indicate that muscle mass and
functions are closely associated with the composition of
gut microbiota.

absorption of endotoxin, especially LPS, from the gut.
These endotoxins can then the systemic circulation,
causing chronic systemic inflammation, including inflam
mation of the cardiovascular system.
In addition to gut microbiota playing a protective role in
the development of cardiovascular disease, gut microbiota
may also play a promotional role in the development
of this disease. Gut microbiota produce trimethylamine
(TMA) from dietary choline and L-carnitine, with TMA
subsequently oxidized in the liver, forming trimethylamineN-oxides (TMAOs). TMAOs have been shown to induce
macrophage foam cell formation and plaque formation
[61]
in the aorta and coronary arteries , with high levels
of TMAO in patients showing a positive correlation with
the incidence of death from cardiovascular disease or
[62]
myocardial infarction .
Hypertension is a major risk factor for atherosclerosis
and has been associated with gut dysbiosis in animal
[12]
models . Administration of a combination of antibiotics
has been shown to lower blood pressure in treatment[63]
resistant patients with hypertension . Moreover,
hypertension, often observed in obese pregnant women,
was shown to be associated with alterations in the
composition of gut microbiota, with an abundance of the
butyrate-producing genus Odoribacter associated with
[64]
lower blood pressure . These findings indicate that gut
microbiota regulate blood pressure in humans, perhaps
mediated by an interaction between SCFA and G-protein[65]
coupled receptors, including Gpr41 and Olfr78 .
A recent report using a mouse model of experimental
transient cerebral ischemia induced by occlusion of
middle cerebral artery showed that the composition
of microbiota in young mice changed to that similar to
uninjured aged mice after stroke, and transplantation
of fecal gavage from young mice into those mice
demonstrated beneficial effect on the outcome of stroke
with less infarct size and less mortality. One possible
mechanism of the effect could be due to increased
SCFA production from youthful microbiota, which
was accompanied by lower inflammatory cytokine
levels in the plasma. The report clearly indicate that
gut microbiota could modify the outcome of stroke,
and intervention with youthful microbiota may have a
[66]
therapeutic potential for the disease .
Probiotics have also been reported to affect blood
pressure. Administration of Lactobacillus plantarum was
shown to reduce the severity of myocardial infarction
[67]
in a rat model , an effect thought to be associated
[68]
with intestinal microbial metabolites . In addition,
administration of Lactobacillus rhamnosus GR-1 induced
significant attenuation of left ventricular hypertrophy and
improved systolic and diastolic left ventricular function
[69]
in a rat experimental model of myocardial infarction .
Collectively, these data suggest a therapeutic strategy
with modulation of gut microbiota can be used to prevent
or treat cerebro- and cardiovascular diseases caused by
atherosclerosis.

ATHEROSCLEROTIC CARDIOVASCULAR
DISEASE AND STROKE
Atherosclerosis is a cause of cardio- and cerebrovascular
diseases, which are often lethal or linked to serious
conditions leading to decreased quality of life. The
composition of gut microbiota in patients with athe
rosclerotic diseases has been reported altered. For
example, an analysis of gut microbiota in patients
with symptomatic atherosclerosis and healthy controls
showed that Collinsella was reduced in the patients, while
Roseburia and Eubacterium were enriched in healthy
[55]
persons . In contrast, an analysis of gut microbiota
in patients with atherosclerotic cardiovascular disease
and healthy subjects found that Enterobacteriaceae
and Streptococcus spp. were enriched in the patients,
with the streptococci latter being oral bacteria shown
to positively correlate with diastolic and systolic blood
[56]
pressure . Another report from Japan revealed
that bacteria of the order Lactobacillales, such as
Lactobacillus, Streptococcus, and Enterococcus, were
significantly increased, while the phylum Bacteroidetes
(Bacteroides and Prevotella) was significantly decreased,
in patients with cardiovascular disease compared with
healthy controls. Patients with atherosclerotic stroke
or transient ischemic attack showed dysbiosis of gut
microbiota, with an increase in opportunistic bacteria
such as Enterobacter, Megasphaera, Oscillibacter and
Desulfovibrio and a decrease in commensal bacteria
such as Bacteroides, Prevotella and Fecalibacterium,
[57]
with these changes correlating with disease severity .
Transplantation of gut microbiota in mice was found
to result in the transmission of susceptibility to athe
rosclerosis, directly demonstrating the participation of gut
[58]
microbiota in atherosclerosis .
Several mechanisms have been proposed by
which gut microbiota regulate the development of
atherosclerotic disease. For example, microbiota may
enhance lipid metabolism. GM mice showed decreased
[59]
lipolysis
and Bifidobacteria was shown to reduce
[60]
cholesterol levels . Another mechanism is associated
with the ability of healthy gut microbiota to maintain gut
permeability by reinforcing tight junctions of intestinal
epithelium. Gut dysbiosis disrupts these tight junctions,
increasing intestinal permeability and increasing the
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Figure 2 Gut microbiota may be important regulators in development of diseases that may affect activities of daily living.
4

CONCLUSION
Gut microbiota may be important regulators in the
development of diseases that affect ADL (Figure 2).
Although, adequate exercise and a proper diet are
important for the prevention of these diseases, the
combination of these lifestyle interventions with methods
that manipulate the composition and/or diversity of gut
microbiota may be a promising strategy for maintenance
of healthy conditions with preserved ADL.
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Abstract

Xu Y, Fan WW, Xu W, Jiang SL, Chen GF, Liu C, Chen JM,
Zhang H, Liu P, Mu YP. Yiguanjian decoction enhances fetal liver
stem/progenitor cell-mediated repair of liver cirrhosis through
regulation of macrophage activation state. World J Gastroenterol
2018; 24(42): 4759-4772 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i42/4759.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i42.4759

AIM
To investigate whether Yiguanjian decoction (YGJ) has
an anti-liver cirrhotic effect and whether it regulates
hepatic stem cell differentiation.
METHODS
A rat model of liver cirrhosis was established via
subcutaneous injection of carbon tetrachloride (CCl4) for
8 wk. From the beginning of the ninth week, the rats
received 2-acetylaminofluorene (2-AAF) by oral gavage
+
and a DLK-1 fetal liver stem/progenitor cell (FLSPC)
transplant or an FLSPC transplant in combination with
YGJ treatment for 4 wk. In vitro , lipopolysaccharide
(LPS)-activated macrophages were co-cultured with
WB-F344 cells, and the differentiation of WB-F344
cells was observed in the presence and absence of YGJ
treatment.

INTRODUCTION
Liver cirrhosis is the common endpoint of a wide variety
of chronic liver disease processes. Liver transplantation
is the most effective treatment for end-stage liver
[1]
cirrhosis . However, it is limited by the shortage of
[2]
organs, transplant rejection, and high cost . Thus,
hepatic progenitor cells (HPCs) have been recommended
as a potential therapeutic approach to end-stage liver
cirrhosis, which can be isolated from developing and
[3-6]
mature livers . Wnt signaling is a key regulator for
[7,8]
HPC differentiation ; canonical Wnt signaling promotes
HPCs to differentiate into hepatocytes, while noncanonical Wnt signaling promotes HPCs to differentiate
into myofibroblast and promotes the progression of liver
fibrosis.
In addition, macrophages, also known as Kupffer cells
(KCs) in the liver, regulate the development of fibrosis by
[9,10]
modulating pro- and anti-inflammatory pathways
.
Distinct macrophage subsets express different types of
chemokines and surface markers and exhibit a diversity
[11-13]
of functions
. M1 macrophages (classically activated)
produce an abundance of pro-inflammatory cytokines
after being induced by pro-inflammatory mediators, such
as lipopolysaccharide (LPS). In contrast, M2 macrophages
(alternatively activated) are believed to participate in
the blockade of inflammatory responses and promotion
[14,15]
of tissue repair
. A recent study demonstrated that
scavenger receptor-AI positive M2 macrophages can
protect against hepatitis C virus (HCV) infection-induced
[16]
liver injury and fibrosis . It has been reported that
stem cell differentiation is also regulated by macrophage
polarization, particularly by the Wnt ligands expressed by
[17]
macrophages . Therefore, it is important to elucidate
the relationship between macrophages and Wnt signaling
during HPC-mediated liver regeneration.
Yiguanjian decoction (YGJ), a classical recipe for
treating liver injury,which has a long history in traditional
Chinese medicine (TCM), consists of six medicinal herbs,
i.e., Rehmanniae Radix (Rehmannia glutinosa Libosch.,
root, Shengdi), Glehniae Radix (Glehnia littoralis Fr.
Schmidtex Miq., root, Beishashen), Ophiopogonis
Radix [Ophiopogon japonicus (Linn. f.) Ker-Gawl., root,
Maidong], Lycii Fructus (Lycium barbarum L., fruit,
Gouqizi), Radix Angelicae Sinensis [Angelica sinensis
(Oliv.) Diels., root, Danggui], and Toosendan Fructus
(Melia toosendan Sieb. et Zucc., fruit, Chuanlianzi). Our
previous studies indicated that YGJ exerts anti-fibrogenic

RESULTS
FLSPC transplantation improved liver function and
histopathology, and inhibited the activation of the noncanonical Wnt signaling pathway, while activating the
canonical Wnt signaling pathway. YGJ enhanced the
therapeutic effects of FLSPCs and also promoted the liver
regeneration differentiation of FLSPCs into hepatocytes.
In vitro , LPS-activated macrophages promoted the
differentiation of WB-F344 cells into myofibroblasts, and
the canonical Wnt signaling was inhibited while the noncanonical Wnt signaling was activated in WB-F344 cells.
YGJ suppressed the activation of macrophages and then
inhibited non-canonical Wnt signaling and promoted
canonical Wnt signaling.
CONCLUSION
YGJ enhances FLSPC-mediated repair of liver cirrhosis
through regulation of macrophage activation state, and
YGJ in combination with stem cell transplantation may
be a suitable treatment for end-stage liver cirrhosis.
Key words: Cirrhosis; Hepatic progenitor cells; Wnt
signaling pathway; Macrophage; 2-acetylaminofluorene;
Carbon tetrachloride; Yiguanjian decoction
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Stem cells play an important role in the treat
ment of end-stage liver cirrhosis, but details concerning
their differentiation are still controversial. Our previous
studies have indicated that Yiguanjian decoction (YGJ)
has an anti-hepatic fibrosis effect. However, it remains
unclear whether YGJ regulates stem cell differentiation.
In this work, we found that YGJ may enhance fetal liver
stem/progenitor cell-mediated repair of liver cirrhosis
through regulation of macrophage activation state in
cirrhosis, suggesting that YGJ in combination with stem
cell transplantation may be a suitable treatment for endstage liver cirrhosis.

WJG|www.wjgnet.com

4760

November 14, 2018|Volume 24|Issue 42|

Xu Y et al . YGJ regulates macrophage activation state
effects on carbon tetrachloride (CCl4)-induced cirrhosis
in rodent models by inhibiting hepatocyte apoptosis and
hepatic stem cell (HSC) activation, regulating the func
tion of KCs, repressing angiogenesis, and inhibiting the
[18-20]
migration of bone marrow cells to the liver
. In the
present study, we discovered that FLSPC transplantation
promotes the repair of liver cirrhosis, and that YGJ may
enhance this effect via mechanisms related to inhibi
tion of pro-inflammatory macrophage activation and
regulation of Wnt signaling.

Shanghai University of TCM (No. 20130132).
[19]
Liver cirrhosis was induced as previously described .
Briefly, the rats received subcutaneous injections of
50% CCl4-olive oil solution (2 mL/kg) twice a week for
th
8 wk. At the beginning of the 9 wk, the dose of CCl4olive oil solution was changed to 30% (2 mL/kg) and
was administered for another 4 wk in order to maintain
cirrhosis progression and reduce mortality, and all rats
were treated with 2-AAF [10 mg/(kg∙d)] via intragastric
administration once a day. The rats were randomly
divided into a 2-AAF/CCl4 group (n = 8), an FLSPC group
(n = 8), an FLSPC + YGJ group (n = 8), and an FLSPC
+ SORA group (n = 8). The FLSPC, FLSPC + YGJ, and
FLSPC + SORA groups were treated with FLSCs via a
th
single intra-splenic injection at the 9 wk. The FLSPC +
YGJ and FLSPC + SORA groups were orally administrated
at dosages of 3.56 g/kg and 1.0 mg/kg, respectively,
once per day for 4 wk. Normal rats (N, n = 5) received
an equal amount of subcutaneous olive oil and the same
volume of oral physiological saline.

MATERIALS AND METHODS
Materials

YGJ consists of Rehmanniae Radix (Rehmannia glutinosa
Libosch., root, Shengdi) 18 g, Glehniae Radix (Glehnia
Littoralis Fr. Schmidtex Miq., root, Beishashen) 10 g,
Ophiopogonis Radix [Ophiopogon japonicus (Linn. f.)
Ker-Gawl., root, Maidong] 10 g, Lycii Fructus (Lycium
barbarum L., fruit, Gouqizi) 12 g, Radix Angelicae Sinensis
[Angelica sinensis (Oliv.) Diels., root, Danggui] 10 g, and
Toosendan Fructus (Melia toosendan Sieb. et Zucc., fruit,
Chuanlianzi) 4.5 g, which were provided by the Shanghai
Huayu Herbs Co. Ltd. and prepared by Shuguang Hospital
Affiliated to Shanghai University of Traditional Chinese
Medicine, and were maintained at -20 ℃.
Sorafinib (SORA) was purchased from Bayer
(Leverkusen, Germany) and used as a positive control.
Rabbit monoclonal antibody against hepatocyte nuclear
factor 4 alpha (HNF4α, SC-8987) was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, United
States). Mouse monoclonal antibody against α-smooth
muscle actin (α-SMA, Clone 1A4) was obtained from
Sigma-Aldrich (St Louis, MO, United States). Mouse
monoclonal antibody against hepatocyte specific
antigen (Hep, GTX73779) was purchased from GeneTex
(Alton Parkway Irvine, CA, United States). Horseradish
peroxidase (HRP)-conjugated polyclonal rabbit antimouse and HRP-conjugated polyclonal swine antirabbit antibodies were obtained from Dako Denmark
A/S (Glostrup, Denmark). Hybond-ECL nitrocellulose
membranes and ECL detection reagents were obtained
from Amersham Pharmacia Biotech (Buckinghamshire,
United Kingdom). Mouse monoclonal antibody against
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was purchased from Chemicon International (Temecula,
CA, United States). All other reagents were purchased
from Sigma Chemical or Wako Pure Chemical Industries,
Ltd. (Osaka, Japan).

Isolation, characterization, and transplantation of Dlk-1+
FLSPCs

FLSPCs were isolated from ED14/15 fetal livers of
[21]
pregnant Wistar rats as previously described . The
livers were cut into pieces and digested with 0.05%
trypsin and 0.05% NB4 for 15 min. Next, a singlecell suspension was collected and stained with an antiDlk-1 antibody. Dlk-1 positive cells were sorted using
a magnetic bead sorter instrument (Miltenyi Biotec).
The purity of the Dlk-1 positive cells was analyzed by
flow cytometry (BD Accuri C6, BD Biosciences) and was
th
determined to be 60.58%. At the beginning of the 9
wk, the rats given FLSPC therapy were transplanted
+
6
with Dio-stained Dlk-1 FLSPCs (1 × 10 cells per rat)
via intra-splenic injection.

Serum chemistry

Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and total bilirubin (TBIL) were
measured using standard laboratory methods.

Histochemical and immunohistochemical analyses of
rat livers

Paraformaldehyde-fixed (4%) specimens were cut into
4 μm sections and stained with 0.1% (w/v) Sirius Red
(Direct Red 80; Aldrich, Milwaukee, WI, United States),
or hematoxylin and eosin (H&E).
Immunostaining was performed according to pre
[22]
viously published methods . Briefly, sections were deparaffinized, washed, and pre-incubated in blocking
solution, followed by incubation with anti-α-SMA (1:200),
anti-HNF4α (1:200), and anti-Hep (1:200) antibodies.
Next, the sections were incubated with HRP-conjugated
secondary antibodies (1:1000), washed, stained with
diaminobenzidine (DAB), and counterstained with he
matoxylin. A Leica SCN 400 microscope was used to
visualize the samples. For immunofluorescent staining,

Animals and experimental protocol

Male Wistar rats (aged 7-8 wk and weighing 160-180 g,
n = 37) were obtained from the Shanghai Experimental
Animal Center of the Chinese Academy of Sciences
(Shanghai, China). Animals were kept in a constant
temperature environment and supplied with laboratory
chow and water ad libitum. The experimental protocol
was approved by the Animal Research Committee of
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Alexa Fluor 488 and cyanine 3 secondary antibodies
(Jackson ImmunoResearch, West Grove, PA, United
States) were used with counterstaining. Images were
obtained with a confocal laser scanning microscope
(FV10i, Olympus, Japan).

(pH 7.2), 150 mmol/L NaCl, 1% NP-40, 0.1% SDS, 1
mmol/L ethylene diamine tetraacetic acid (EDTA), and 1
mmol/L phenylmethanesulfonyl fluoride (PMSF) and then
homogenized in ice-cold water. After centrifugation for
10 min at 4 ℃ at 12000 r/min, the protein concentration
of the supernatant was determined using the BioRad Dc protein Assay Reagent (Bio-Rad, Hercules, CA,
United States). Protein was electrophoretically resolved
on a 10% or 12% sodium dodecyl sulfate (SDS)
polyacrylamide gel and successively transferred to
Hybond-ECL nitrocellulose membranes. The membranes
were blocked with 5% non-fat dry milk solution in Trisbuffered saline (20 mmol/L Tris and 150 mmol/L NaCl,
pH 7.4) with 0.1% Tween-20. Next, the membranes
were incubated with the primary antibodies overnight at
4 ℃ and subsequently with secondary antibodies at room
temperature for 1 h. The following dilutions of primary
antibodies were used: α-SMA, 1:1000; HNF4α, 1:500;
Hep, 1:500; GAPDH, 1:30000. Immune complexes were
visualized using SuperSignal West Pico Chemiluminescent
Substrate (ECL, Pierce, Rockford, IL, United States).
Finally, band intensity was determined by scanning video
densitometry.

WB-F344 and RAW264.7 cell culture and treatment

WB-F344 cells (a rat oval cell line that is morphologically
[23]
and functionally similar to freshly isolated HPCs )
and RAW264.7 cells (a murine macrophage cell line)
were purchased from the Shanghai Cell Bank (Chinese
Academy of Sciences, Shanghai, China). WB-F344 cells
were cultured at 37 ℃ in an atmosphere containing
5% CO2 in Dulbecco's modified eagle medium (DMEM)
supplemented with 10% fetal calf serum (FCS), 2
mmol/L glutamine, and penicillin/streptomycin (100
mg/mL). Activation of RAW264.7 cells was induced
with LPS 100 ng/mL for 8 h at 37 ℃ in an atmosphere
containing 5% CO2 in DMEM supplemented with 10%
[24]
FCS , and then co-cultured with WB-F344 cells
4
in Transwell chambers. A total of 2 × 10 WB-F344
cells were seeded into the upper compartment and
4
4 × 10 RAW264.7 cells were seeded into the lower
compartment of the Transwell chamber. LPS was added
to the culture medium, and the medium was replaced
every 48 h for a total culture time of 7 d.

Statistical analysis

All data are presented as the mean ± SD. Statistical
analyses were performed using one-way analysis
of variance with SPSS 17.0 software. P < 0.05 was
considered statistically significant.

RNA preparation and quantitative real-time reverse
transcription-PCR

The mRNA expression of tumor necrosis factor-alpha
(TNF-α), transforming growth factor beta 1 (TGF-β1),
α-SMA, collagen type I [Col(1)], CD68, CD163, HNF4α,
Hep, Wnt-1, -3A, -4, -5A, -5B, -8A, -8B, -10B, -11,
β-catenin, frizzled (FZD)-1, -2, -3, -4, -5, -6, lowdensity lipoprotein receptor-related protein (LRP)-5, -6,
and GAPDH was quantified using quantitative reverse
transcription (RT)-PCR. Total RNA was extracted from
the liver tissue using a total RNA purification kit (Lot.
250800) (TOYOBO, Osaka, Japan). RNA was reversetranscribed to cDNA and gene expression was measured
using SYBR Green Real-time PCR Master Mix (TaqMan)
(Lot. 411900) (TOYOBO), and the ViiA 7 Real-Time
PCR System (ABI, United States) was used. Primers
and oligonucleotide probes were designed using Primer
Express (Takara Chemical), and are presented in Table
1. Each PCR amplification was performed all samples
in both the experimental and control groups. Individual
gene expression was normalized to GAPDH expression
levels. The conditions for the One-Step SYBR RT-PCR
(Perfect Real Time) were as follows: an initial step at
42 ℃ for 15 min and 95 ℃ for 2 min, followed by 40
cycles of denaturation at 95 ℃ for 15 s, and annealing
and extension at 60 ℃ for 1 min.

RESULTS
YGJ enhances FLSPC-mediated repair of hepatic
inflammation and fibrosis

H&E staining showed an abnormal structure of the
hepatic lobule, inflammatory infiltration in the portal
area and fibrous septa, and more hepatic steatosis in
the 2-AAF/CCl4 group, while hepatic steatosis and the
inflammatory response were markedly attenuated in
the FLSPC and FLSPC + YGJ groups compared to the
2-AAF/CCl4 group (Figure 1A).
Sirius red staining showed a large amount of collagen
deposited in the portal area and some collagen fibers
extended into the liver parenchyma and forming a
pseudo-lobular structure in the 2-AAF/CCl4 group. In
contrast, collagen deposition was markedly attenuated
in the FLSPC and FLSPC + YGJ groups compared with
the 2-AAF/CCl4 group (Figure 1B). The sirius red staining
positive area was increased significantly in the 2-AAF/
CCl4 group than in the N group (P < 0.01), while it was
decreased significantly in the FLSPC and FLSPC + YGJ
groups than in the 2-AAF/CCl4 group (P < 0.05 and P
< 0.01, respectively), and in the FLSPC + YGJ group
compared to the FLSPC group (P < 0.01) (Figure 1C).
Consistent with the pathological changes in the
liver tissue, serum levels of ALT, AST, and TBIL were
increased significantly in the 2-AAF/CCl4 group compared
to the N group (P < 0.05 or P < 0.01), while they were

Immunoblot analysis

Protein expression was assessed by immunoblot
[22]
analysis as previously described . The liver tissue was
lysed with RIPA buffer containing 50 mmol/L Tris-HCl
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Table 1 Primer pairs and probes used for real-time PCR
Gene
α-SMA
Col1
TGF-β
TNF-α
CD68
CD163
HNF4α
Hep
β-catenin
Wnt 1
Wnt 3A
Wnt 4
Wnt 5A
Wnt 5B
Wnt 8A
Wnt 8B
Wnt 10B
Wnt 11
Frizzled 1
Frizzled 2
Frizzled 3
Frizzled 4
Frizzled 5
Frizzled 6
LRP5
LRP6
GAPDH

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
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Primer sequence

Note

AATGGCTCTGGGCTCTGTAA
TCTCTTGCTCTGGGCTTCAT
TGACTGGAAGAGCGGAGAGT
GACGGCTGAGTAGGGAACAC
ATTCCTGGCGTTACCTTGG
AGCCCTGTATTCCGTCTCCT
GACGTGGAACTGGCAGAAGAG
TTGGTGGTTTGTGAGTGTGAG
GGACCCACAACTGTCACTCAT
AAGCCCCACTTTAGCTTTACC
TGGGATCGCCGTGACGCTTC
CAGCGACTGCCTCCACCGAC
CGGGCCACTGGCAAACAC
GTAATCCTCCAGGCTCAC
TAGCAGAGATGAGCCGTGTG
GCTTTGAGGCAGGCGTATT
GTCTGAGGACAAGCCACAGGACTAC
AATGTCCAGTCCGAGATCAGCA
GGGGAGCAACCAAAGTCG
TGGAGGAGGCTATGTTCACG
TCCGACTCTTGGCAGAACTT-3
AATGGAATAGGTCCCGAACA
GGCACTCATGAACCTTCACAACA
CTTTACCTCACAGGAGCCTGACAC
GCGCTGCTGGAGTGGTAAAT
AGCCAGTCCCGAGGTAAGTC
CGAGCCCTCATGAACTTACAGAAC
GGAGACTCCGTGACATTTGCAG
CCTGGGAGCGGTGGAACT
CCTGGTGTGGGTTGAAAACTG
AAGGCTTACCTGGTCTACTC
CAGAGCTGATGGCGTGCACA
CCTCAAGCGCGGTTTCC
CAGCAGCCAGCATGGAGAA
TTGACCTGGAGAGAGGTACAC
GTCAGGGGAGCTCTGTAGATA
GGGAATGCAGTCACCAGTACCA
CCAGACCCATAGCAGGTTCCA
ACTGCAAGAGCCTAGCCATCC
ATCCAGAAGCCCGACGTGA
ACACATGGCACCAGCATGAAC
CCATGCGAAGGCCAAGACTAA
GACAACTTTCACGCCGCTCA
TTCAGGACTGGTTCACATCGTCTC
CGAGAGCACAGCCACATTCACTA
GAGCTGGCCATGCCAAAGA
CAGCAGCGTCCAACTCCAAG
TGCACTCCATCAGGCCAGTC
GACATTTACTGGCCCAATGG
CTGCCCTCCACCACCTTCT
TCTCCGGCGAATTGAAAG
GAGTCTTCTAGCACGATCCTGT
AAGGTCATCCATGACAACTTTGGC
ACAGTCTTCTGGGTGGCAGTGAT

SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR
SYBR

α-SMA: Alpha-smooth muscle actin; Col(1): Collagen type I; TGF-β: Transforming growth factor beta; TNF-α: Tumor necrosis factor-alpha; HNF4α:
Hepatocyte nuclear factor 4 alpha; Hep: Hep Par-1; LRP: Low-density lipoprotein receptor-related protein; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.

YGJ enhances the effect of FLSPCs to repress activation
of HSCs

decreased significantly in the FLSPC and FLSPC + YGJ
groups compared to the 2-AAF/CCl4 group (P < 0.05 or
P < 0.01). AST level was decreased significantly in the
FLSPC + YGJ group compared to the FLSPC group (P <
0.01) (Figure 1D).
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Immunoblotting analysis revealed that the expression of
α-SMA was significantly higher in the 2-AAF/CCl4 group
than in the N group (P < 0.01), but it was significantly
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Figure 1 Yiguanjian decoction enhances the reparative effects of fetal liver stem cells on the hepatic inflammatory response and fibrosis. A: Hematoxylin
and eosin (H&E) staining (× 100). B: Sirius Red staining (× 100). C: The positive area of Sirius Red staining. D: Serum biochemistry. aP < 0.05, bP < 0.01. N: Normal
control group; 2-AAF/CCl4: 2-acetylaminofluorene/carbon tetrachloride group; FLSPC: Fetal liver stem/progenitor cells group; FLSPC + YGJ: FLSPCs plus Yiguanjian
decoction group; FLSPC + SORA: FLSPCs plus sorafenib group; YGJ: Yiguanjian decoction; ALT: Serum alanine aminotransferase; AST: Aspartate aminotransferase.

lower in the FLSPC and FLSPC + YGJ groups than in the
2-AAF/CCl4 group (P < 0.01), and significantly lower
in the FLSPC + YGJ group than in the FLSPC group (P
< 0.05) (Figure 2A and B). Furthermore, the mRNA
levels of α-SMA, Col(1), TGF-β, TNF-α, and CD68 were
significantly higher in the 2-AAF/CCl4 group than in the
N group (P < 0.01), while they were significantly lower
in the FLSPC and FLSPC + YGJ groups compared to the
2-AAF/CCl4 group (P < 0.01). Consistent with the protein
expression, the mRNA level of α-SMA was significantly
lower in the FLSPC + YGJ group than in the FLSPC group
(P < 0.05). In addition, the mRNA level of CD163 was
significantly lower in the 2-AAF/CCl4 group than in the
N group (P < 0.01), while it was significantly higher in
the FLSPC and FLSPC + YGJ groups compared with the
2-AAF/CCl4 group (P < 0.01), and in the FLSPC + YGJ
group compared to the FLSPC group (P < 0.05) (Figure
2C).

B). The mRNA levels of the hepatocyte markers HNF4α
and Hep were significantly lower in the 2-AAF/CCl4 group
than in the N group (P < 0.01), while the mRNA level of
HNF4α was significantly higher in the FLSPC + YGJ group
than in the 2-AAF/CCl4 and FLSPC groups (P < 0.05),
and the mRNA level of Hep was significantly higher in the
FLSPC and FLSPC + YGJ groups compared to the 2-AAF/
CCl4 group (P < 0.01) (Figure 3C).
Consistent with the mRNA expression patterns, the
protein levels of HNF4α and Hep were also significantly
lower in the 2-AAF/CCl4 group than in the N group (P <
0.01), while they were significantly higher in the FLSPC
+ YGJ group than in the FLSPC and 2-AAF/CCl4 groups (P
< 0.01) (Figure 3D and E).

YGJ regulates the Wnt signaling pathway

The mRNA levels of canonical Wnt pathway components
including Wnt-1, -3A, -8A, -8B, -10B, FZD-1, -4, -5,
LRP-5, -6, and β-catenin were decreased significantly
in the 2-AAF/CCl4 group compared to the N group (P <
0.01), while the mRNA levels of Wnt 10B, FZD4, LRP5,
and β-catenin were significantly higher in the FLSPC
and the FLSPC + YGJ groups than in the 2-AAF/CCl4
group (P < 0.01). In addition, the mRNA levels of Wnt

YGJ promotes the differentiation of FLSPCs into
hepatocytes

Immunofluorescence staining demonstrated that FLSPCs
(red)/HNF4α (green), and FLSPCs (red)/Hep (green)
were co-expressed in liver parenchyma (Figure 3A and
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Figure 2 Yiguanjian decoction enhances the inhibitory effect of fetal liver stem cells on hepatic stellate cell activation. A: Immunoblotting for α-smooth
muscle actin. B: The gray-level score indicates the immunoblotting histogram for α-SMA. C: Relative mRNA levels of α-SMA, collagen type I, transforming growth
factor beta, tumor necrosis factor alpha, CD68, and CD163. The mRNA levels were normalized to GAPDH expression. aP < 0.05, bP < 0.01. N: Normal control group;
2-AAF/CCl4: 2-acetylaminofluorene/carbon tetrachloride group; FLSPC: Fetal liver stem/progenitor cell group; FLSPC + YGJ: FLSPCs plus Yiguanjian decoction
group; FLSPC + SORA: FLSPCs plus sorafenib group; α-SMA: α-smooth muscle actin; Col(1): Collagen type I; TGF-b: Transforming growth factor beta; TNF-α:
Tumor necrosis factor alpha.

3A, FZD-1, -5 and LRP6 were significantly higher in the
FLSPC + YGJ group than in the 2-AAF/CCl4 group (P
< 0.05 or P < 0.01), and the Wnt 3A, FZD1 and LRP6
were significantly higher than FLSPC group (P < 0.05 or
P < 0.01) (Figure 4A).
The mRNA levels of non-canonical Wnt pathway
components including Wnt-4, -5A, -5B, and FZD-2, -3,
-6 were increased significantly in the 2-AAF/CCl4 group
compared to the N group (P < 0.01), while the mRNA
levels of Wnt-4, -5A, -5B, and FZD2 were significantly
lower in the FLSPC and FLSPC + YGJ groups than in the
2-AAF/CCl4 group (P < 0.05 or P < 0.01), and FZD3
mRNA levels were significantly lower only in the FLSPC
+ YGJ group (P < 0.05). In addition, the expression
of Wnt 5A was significantly lower in the FLSPC + YGJ
group than in the FLSPC group (P < 0.01) (Figure 4B).
These results suggest that the Wnt signaling pathway
was unbalanced in the development of liver cirrhosis
induced with 2-AAF/CCl4. FLPSC transplantation promoted
the activation of canonical Wnt signaling and suppressed
the non-canonical Wnt signaling. Furthermore, these
effects were augmented when FLSPC transplantation was
combined with YGJ treatment.

of LPS (50 ng/mL, 100 ng/mL, and 200 ng/mL) for 48
h to induce RAW264.7 cells activation and assessed the
mRNA levels of TGF-β, TNF-α, interleukin (IL)-1, and
platelet-derived growth factor receptor (PDGF) as well as
the protein level of TNF-α. These results indicate that the
optimal LPS concentration to stimulate the RAW264.7
cells was 100 ng/mL (Supplementary Figure 1A and
B). We also confirmed that treatment with 100 ng/mL
LPS did not induce the differentiation of WB-F344 cells
into myofibroblasts or macrophages by measuring the
mRNA levels of α-SMA or CD68. In addition there was no
apparent cytotoxicity to the WB-F344 cells in response
to the LPS treatment, as determined by detecting the
activation of LDH (Supplementary Figure 2A-C).
Thus, we co-cultured WB-F344 cells with RAW264.7
cells or LPS-activated (100 ng/mL) RAW264.7 cells
in Transwell chambers. Immunofluorescence staining
showed that the expression of α-SMA in WB-F344 cells
was markedly increased after co-culture with the LPSactivated RAW264.7 cells (Figure 5A), and the mRNA
expression of α-SMA in WB-F344 cells was steadily
increased compared to the N group after 3, 5, and 7 d in
culture (P < 0.05 or P < 0.01) (Figure 5B). These results
indicate that activated KCs promote the differentiation of
WB-F344 cells into myofibroblasts.
As shown in Figure 5C and D, when co-cultured
WB-F344 cells with LPS-activated RAW264.7 cells were
treated with YGJ or lenalidomide (LND, a TNF-alpha
inhibitor, was used as a positive control drug) for 7 d,
the mRNA levels of CD68 and α-SMA and the protein
level of TNF-α were significantly higher (P < 0.01) and
the mRNA level of CD163 was significantly lower (P <

YGJ regulates the activated state of KCs

As described above, we determined that the mRNA level
of CD68 was lower and CD163 was higher after FLSPC
transplantation, and these effects were more pronounced
in the FLSPC + YGJ group. These results suggest that YGJ
may regulate the activated state of KCs and then improve
the repair function of FLSPCs. To confirm this hypothesis,
we performed experiments with different concentrations
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Figure 3 Yiguanjian decoction promotes the differentiation of fetal liver stem/progenitor cells into hepatocytes. A: Double immunofluorescent staining of fetal liver
stem/progenitor cells (green) and HNF4α (red) merged (× 200). B: Double immunofluorescent staining of FLSPCs (green) and Hep Par-1 (Hep) (red) merged (× 200),
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0.01) in activated RAW264.7 cells than in the N group.
The mRNA levels of CD68 and α-SMA and protein of
TNF-α were significantly lower (P < 0.01) and the
mRNA level of CD163 was significantly higher (P <
0.01) in the YGJ and LND groups than in the M group.
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These results suggest that YGJ regulates the activated
state of macrophages (inhibition of pro-inflammatory
macrophages and promotion of anti-inflammatory ma
crophages).
Furthermore, after the co-culture of WB-F344 cells
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Figure 4 Yiguanjian decoction regulates the Wnt signaling pathway. A: Relative mRNA levels of canonical Wnt signaling pathway components. B: Relative mRNA
levels of non-canonical Wnt signaling pathway components. The mRNA levels were normalized to GAPDH expression. aP < 0.05, bP < 0.01. N: Normal control group;
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group; FLSPC + SORA: FLSPCs plus sorafenib group.

with activated RAW264.7 cells, the mRNA levels of
canonical Wnt signaling pathway components (Wnt-1,
-3A, -8A, -8B, FZD1, LRP-5, -6, and β-catenin) in
WB-F344 cells were significantly lower in the M group
than in the N group (P < 0.01), and the mRNA levels
of non-canonical Wnt signaling components (Wnt-4,
-5A, -5B, and FZD-2, -3, -6) were significantly higher
in the M group than in the N group (P < 0.01). The
mRNA levels of Wnt 3A, LRP-5, -6, and β-catenin were
markedly higher and the mRNA levels of Wnt-4, -5A,
-5B, and FZD-2, -3 were significantly lower in the YGJ
group and LND group than in the M group (P < 0.05
or P < 0.01) (Figure 5E and F). These results suggest
that YGJ regulates the Wnt signaling pathway in FLSPCs
through regulation of the KC activation state in vitro.

patients with end-stage liver disease. However, donor
organ scarcity is a major limitation and alternative
[25]
strategies are urgently needed . In recent years,
stem cell transplantation has become a popular topic
in the treatment of end-stage liver disease. Some
studies have shown that bone marrow mesenchymal
stromal cell (BM-MSC) transplantation can significantly
reduce collagen deposition, inhibit the expression of
TGF-β1 and α-SMA, reduce the degree of liver fibrosis,
improve liver function, and reduce the mortality rate
[26,27]
in rodent models of liver injury
. The latest report
suggests that peripheral infusion of allogeneic BMMSCs is safe and convenient for patients with hepatitis
B virus (HBV)-related acute-on-chronic liver failure
and significantly increases the 24-wk survival rate by
improving liver function and decreasing the incidence
[28]
of severe infections . However, there are also reports
that BM-MSCs transplanted into patients or mice with
liver fibrosis differentiate into HSCs and myofibroblasts,
[29,30]
which may increase the progression of liver fibrosis
.
FLSPCs are considered more suitable for transplantation

DISCUSSION
YGJ enhances the reparative effect of FLSPC in a 2-AAF/
CCl4-induced cirrhotic rat model

Liver transplantation is the best therapeutic option for
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Figure 5 Activation of macrophages and differentiation of WB-F344 to myofibroblasts in vitro. A: Double immunofluorescent staining of α-smooth muscle
actin (α-SMA) (red) and DAPI (blue) merged (× 200). B: The mRNA expression of α-SMA in WB-F344 cells after co-culture with lipopolysaccharide (LPS)-activated
RAW264.7 cells for 3, 5, or 7 d. C: Tumor necrosis factor production in LPS-activated RAW264.7 was detected by enzyme-linked immuno sorbent assay. D: Relative
mRNA expression levels of α-SMA (WB-F344), CD68 (RAW264.7), and CD163 (RAW264.7). E: Relative mRNA levels of non-canonical Wnt signaling pathway
components. F: Relative mRNA levels of canonical Wnt signaling pathway components. The mRNA levels were normalized to the GAPDH expression levels. aP < 0.05,
b
P < 0.01. N: Normal control group; M: WB-F344 cells co-cultured with LPS-activated RAW264.7 cells group; YGJ: Yiguanjian decoction group; LND: Lenalidomide
group.
[31]

than BM-MSCs . In the present study, we demonstrated
+
that Dlk-1 FLSPC transplantation inhibited inflammation
and HSC activation, led to the improvement of liver
function, and thereby prevented the development of
cirrhosis. The combination of YGJ and FLSPC resulted in
more effective repair of liver fibrosis. YGJ promoted the
+
differentiation of Dlk-1 FLSPCs into hepatocytes and
accelerated wound healing after liver injury.

The pro-inflammatory macrophages that are prevalent
in pediatric NASH can be reprogrammed to an antiinflammatory subset by docosahexaenoic acid (DHA)
treatment. Wnt 3A was up-regulated in macrophages
and β-catenin was activated in HPCs, resulting in the
[17]
differentiation of HPCs into hepatocytes . These studies
demonstrate that macrophages are a critical regulator
in maintaining liver homeostasis and the wound healing
response. M1 macrophages that polarize to M2 result
in the increased production of Wnt ligands that bind
to receptors on the surface of HPCs, leading to the
activation of Wnt/β-catenin signaling and differentiation to
[34]
hepatocytes . This suggests that the cross-talk between
macrophages and HPCs regulates liver homeostasis of Yin
and Yang in the liver.
In this study, we found that the levels of TNF-α and
CD68 were increased, while the expression of CD163
was decreased in rat cirrhosis induced with 2-AAF/CCl4.
However, the levels of expression of TNF-α and CD68
were significantly lower and CD163 expression higher
after FLSPC transplantation. Moreover, this effect was
further enhanced when FLSPCs were combined with

YGJ regulates the activation state of macrophages

Macrophages play a crucial role in the regulation of HPC
differentiation, in particular, dependent on the specific
[8]
Wnt ligands expressed by macrophages . A recent
study demonstrated that cytokines including IL-6, IL-10,
TNF-α, HGF, and TGF-β1 were significantly reduced in the
liver when KCs were selectively depleted with liposomeencapsulated dichloromethylene-diphosphonate (Cl2MDP)
after partial hepatectomy, which resulted in delayed liver
[32]
regeneration . Another study has shown that KC-derived
Nogo-B promotes M1 polarization and exacerbates the
progression of alcoholic liver disease (ALD), and Nogo-B
[33]
depletion promotes M2 polarization and restores ALD .
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YGJ administration, indicating that YGJ improved the
therapeutic effect of FLSPCs, possibly through regulation
of macrophage activation status.
In vitro, we found that when LPS-activated RAW264.7
cells were co-cultured with WB-F344 cells, the expression
of α-SMA in WB-F344 cells was significantly higher,
and it was significantly lower after administration of
YGJ and LND. The expression of CD68 and TNF-α was
significantly lower and that of CD163 was significantly
higher in LPS-activated RAW264.7 cells after YGJ and
LND treatment. These results demonstrate that LPSactivated macrophages promote HPC differentiation into
myofibroblasts, which may be related to TNF-α secretion
by activated macrophages. YGJ might inhibit the activa
tion of pro-inflammatory macrophages and promote the
activation of anti-inflammatory macrophages.

the differentiation of FLSPCs. YGJ appears to enhance
the therapeutic effect of FLSPCs in a rat model of liver
cirrhosis, likely by regulating macrophage activation
state and then regulating Wnt signaling. This results in
controlling the differentiation of FLSPCs. These results
suggest that the combination of YGJ with stem cell
transplantation may be a more effective strategy for the
treatment of end-stage liver cirrhosis.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Liver cirrhosis has emerged as a major contributor to the global health burden.
Liver transplantation, a recognized treatment for end-stage liver cirrhosis,
is limited by a shortage of organs, transplant rejection, high cost, and other
problems. Stem cell transplantation is expected to replace liver transplantation,
but finding a way to regulate its differentiation in vivo is a key scientific problem.
Previous studies have confirmed that Yiguanjian decoction (YGJ) has a strong
ability to prevent fibrosis and to promote hepatocyte regeneration, but whether
YGJ can affect the differentiation of transplanted liver stem cells is still unclear.

YGJ regulates the Wnt signaling pathway

Wnt signaling consists of two major pathways, the
β-catenin-dependent cascade, known as canonical Wnt
signaling, and the β-catenin-independent cascade,
known as non-canonical Wnt signaling. Recent studies
have shown that canonical Wnt signaling regulates the
differentiation of HPCs into hepatocytes. The activation of
canonical Wnt signaling is associated with Wnt 3A, which
is secreted by macrophages upon engulfing hepatocyte
[35]
debris . However, macrophage-derived TNF-α prompted
HPCs to differentiate into myofibroblasts, mainly due to
[8]
the activation of the Wnt5/FZD2 non-canonical cascade .
These results indicate that macrophages regulate the
differentiation and proliferation of HPCs. The main
mechanism underlying this process may be related to
regulating the activation of the Wnt signaling pathway.
In the present study, in vivo, we found canonical
Wnt signaling to be inhibited and the non-canonical
Wnt pathway activated in rat cirrhosis induced with
2-AAF/CCl4. However, canonical Wnt signaling was
restored and non-canonical signaling suppressed after
FLSPC transplantation. This regulatory effect was further
enhanced when FLSPC transplantation was combined
with YGJ administration. FLSPC + YGJ showed signifi
cant enhancement of the Wnt 3A level and markedly
decreased Wnt 5A level relative to the single FLSPC
treatment group. This suggests that YGJ enhanced the
therapeutic effect of FLSPCs, which may be associated
with regulation of the Wnt signaling pathway.
Consistent with the results observed in vivo, canonical
Wnt signaling in WB-F344 cells was significantly inhibited
and non-canonical Wnt signaling was activated after
co-culture with LPS-activated RAW264.7 cells in vitro.
However, canonical Wnt signaling was activated and
non-canonical Wnt signaling was suppressed after YGJ
treatment, indicating that pro-inflammatory macrophages
inhibited canonical Wnt signaling and activated the noncanonical cascade in HPCs. In this regard, YGJ was also
shown to regulate Wnt signaling.
Overall, the proportion of pro-inflammatory and
anti-inflammatory macrophage subsets determines
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Research motivation

To determine whether YGJ can affect the therapeutic effect of transplanted
fetal liver stem/progenitor cells (FLSPCs) and identify possible mechanisms
by which it may do so to further identify the active ingredients of YGJ and thus
improve the treatment of liver cirrhosis.

Research objectives

To determine whether YGJ can improve the therapeutic efficacy of stem cells
for liver cirrhosis, and so provide scientific evidence for YGJ combined with
stem cell transplantation for liver cirrhosis.

Research methods

Combination of stem cell transplantation with traditional Chinese medicine
(TCM) may become a new method for the treatment of end-stage liver cirrhosis.

Research results

We here found that YGJ can enhance FLSPC-mediated repair of liver cirrhosis,
and the key mechanism is related to regulation of macrophage activation
state. This provides empirical evidence for the treatment of cirrhosis with YGJ.
However, the molecular mechanism by which YGJ regulates macrophage
activation is still unclear. This is the main question to be answered in the future.

Research conclusions

YGJ enhances FLSPC-mediated repair of cirrhosis through regulation of
macrophage activation state, and stem cell transplantation in combination with
YGJ may be a suitable treatment for end-stage liver cirrhosis.

Research perspectives

TCM has thousands of years of history and its practitioners have accumulated
rich experience in the field of chronic liver disease. If TCM is combined with
modern medicine, it may provide a more effective treatment for patients with
chronic liver disease.
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Abstract
AIM
To investigate the function and mechanism of ubiquitinlike modifier activating enzyme 2 (Uba2) in progression
of gastric cancer (GC) cells.
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METHODS
Uba2 level in patients with GC was analyzed by Western
blotting and immunohistochemistry. MTT and colony
formation assays were performed to examine cell proli
feration. Flow cytometry was used for cell cycle analysis.
Wound healing and Transwell assays were conducted to
examine the effects of Uba2 on migration and invasion.
Expression levels of cell cycle-related proteins, epithelial-
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mesenchymal transition (EMT) biomarkers, and involvement
of the Wnt/β-catenin pathway was assessed by Western
blotting. Activation of the Wnt/β-catenin pathway was
confirmed by luciferase assay.

Surgery is the main treatment option for early-stage
patients; however, due to high aggressiveness and lack
of predictive biomarkers, most patients are diagnosed
at late stages, making it the second most lethal cancer,
with a 5-year survival rate of 20%-40% for patients
[2-4]
with advanced GC . Median survival time for patients
with unresectable and metastatic disease is around
[5,6]
10-14 mo . To date, only a few drugs target GC at a
molecular level, with limited survival benefits. Thus, to
improve the prognosis of GC, further investigation of
molecular biomarkers is required.
As a key post-translational modification pathway,
small ubiquitin-like modify-lation (SUMOylation) plays an
essential role in a substantial number of cellular processes,
such as maintenance of transcriptional factor stability,
regulation of enzymatic reactions, protein localization,
[7-11]
protein-protein interactions, and DNA damage repair
.
It is facilitated by covalently linked, deconjugated small
ubiquitin-like modifiers (SUMOs) following the sequential
action of E1, E2, E3 and SUMO proteases. Recent studies
have shown that the proteins involved in the SUMO
system could regulate carcinogenesis-related processes,
such as cell growth, differentiation, senescence, oxidative
[12]
stress, and apoptosis . As an essential component
of SUMO-activating enzyme E1, ubiquitin-like modifier
activating enzyme 2 (Uba2) is over-expressed in many
[13]
malignancies, including liver cancer , small cell lung
[14]
[15]
[16]
cancer , colorectal cancer , and GC . Besides, knockdown of Uba2 suppresses certain malignancies. Uba2 level
is correlated with the Wnt/β-catenin pathway in colorectal
[15]
cancer ; however, its role in GC remains unclear.
To explore the function of Uba2 and its possible
mechanism of action in the progression of GC, Uba2
knock-down and over-expression studies were carried
out in GC cell lines. Knock-down of Uba2 suppressed
epithelial-mesenchymal transition (EMT), cell migration,
and invasion, while over-expression of Uba2 showed the
opposite effects. Furthermore, regulation of the Wnt/
β-catenin canonical signaling pathway was correlated
with Uba2 levels. These data suggest that Uba2 modu
lates the Wnt/β-catenin pathway and hence might be a
new molecular target for the treatment of GC.

RESULTS
Uba2 expression was higher in GC than in normal tissues.
Increased Uba2 expression was correlated with tissue
differentiation, Lauren’s classification, vascular invasion,
and TNM stage, as determined by the analysis of 100
GC cases (P < 0.05). Knock-down of Uba2 inhibited GC
cell proliferation, induced cell cycle arrest, and altered
expression of cyclin D1, P21, P27, and Bcl-2, while upregulation of Uba2 showed the opposite effects. The
wound healing and Transwell assays showed that Uba2
promoted GC cell migration and invasion. Western blotting
revealed alterations in EMT biomarkers, suggesting the role
of Uba2 in EMT. Furthermore, the luciferase reporter assay
indicated the involvement of the Wnt/β-catenin signaling
pathway as a possible modulator of Uba2 oncogenic
functions.
CONCLUSION
Uba2 plays a vital role in GC cell migration and invasion,
possibly by regulating the Wnt/β-catenin signaling pathway
and EMT.
Key words: Ubiquitin-like modifier activating enzyme 2;
Gastric cancer; Epithelial-mesenchymal transition; Wnt/
β-catenin signaling pathway
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study elucidated the function and me
chanism of action of ubiquitin-like modifier activating
enzyme 2 (Uba2) in gastric cancer (GC) progression.
Uba2 was knocked-down or over-expressed to examine
its effects on proliferation, migration and invasion of GC
cells. The effects of Uba2 on the Wnt/β-catenin pathway
was investigated by Western blotting and luciferase
reporter assay. Uba2 affected GC cell invasion and
migration by modulating the Wnt/β-catenin signaling
pathway, as well as epithelial-mesenchymal transition.
This study was intended to create a preclinical basis to
establish Uba2 as a new molecular drug target for GC.

MATERIALS AND METHODS
Patients

Li J, Sun X, He P, Liu WQ, Zou YB, Wang Q, Meng XW.
Ubiquitin-like modifier activating enzyme 2 promotes cell
migration and invasion through Wnt/β-catenin signaling in gastric
cancer. World J Gastroenterol 2018; 24(42): 4773-4786 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i42/4773.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i42.4773

All specimens were derived from patients with GC in
The First Hospital of Jilin University, Changchun, China
from 2013 to 2018. Eight paired fresh GC tissues and
corresponding normal gastric tissues were collected for
Western blotting. These tissues were immediately frozen
in liquid nitrogen and stored at -80 ℃ until further use.
The specimens for immunohistochemistry were fixed in
formalin for 24 h and embedded in paraffin until needed.
The enrolled patients had not received chemotherapy
or radiation before the operation. Clinicopathological
characteristics, such as Lauren’s classification, pTNM
stage, and grade of differentiation were evaluated

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
[1,2]
worldwide, with a high incidence rate in East Asia .

WJG|www.wjgnet.com

4774

November 14, 2018|Volume 24|Issue 42|

Li J et al . Uba2’s role in GC
[15]

by two independent pathologists using the criteria of
the American Joint Committee on Cancer Stage. All
participating patients gave their written informed consent
prior to enrollment. This study was approved by the
Ethics Committee of The First Hospital of Jilin University.

out as previously described . BGC-823 cells were
infected with siUba2 or siNC lentivirus at a multiplicity
of infection of 100. SGC-7901 cells were infected with
lentivirus-Uba2 (Uba2) or lentiviral empty vector (EV) at
a multiplicity of infection of 10. The infected cells were
harvested and used for experimentation after 72 h.

Immunohistochemistry assay

MTT assay

All specimens were fixed with formalin, embedded in
paraffin, and 3-μm serial sections were prepared. The
sections were deparaffinized and activity of endogenous
peroxidase was blocked by 30 mL/L hydrogen peroxide,
followed by incubation of the sections with non-immune
goat serum for 20 min. The sections were subsequently
incubated with Uba2 primary antibody (1:100; Abcam,
Cambridge, MA, United States) and the corresponding
secondary antibody. Antigen-antibody complexes were
then washed three times with phosphate-buffered
saline (PBS) and incubated with high-sensitivity diamino
benzidine (Sigma-Aldrich, St. Louis, MO, United States)
substrate. Counterstaining with hematoxylin was carried
out and the sections were dehydrated and mounted.
Uba2 expression levels were observed by light
microscopy and categorized into negative/low expression
and high expression by two independent, blinded
pathologists. Any disagreement was resolved by a third
party. The defining criteria were as follows: samples with
nuclear staining in < 5% of cells were graded as negative
expression; samples with nuclear staining in 5%-25%
cells were graded as low expression; and, samples with
nuclear staining in > 25% cells were graded as high
(moderate and strong) expression.

The influence of Uba2 on cell viability was evaluated
using the MTT assay. In brief, 2000 cells of each group
were seeded in 96-well plates in 100 µL complete
RPMI-1640 medium, and were incubated for 5 d at 37 ℃
in 50 mL/L CO2. MTT reagent (20 μL, 5 mg/mL in PBS;
Sigma-Aldrich) was added to each well and incubated
for 4 h. The medium was removed from each well and
formazan crystals were dissolved in 150 μL of dimethyl
sulfoxide. The plate was measured at 490 nm. The
experiments were carried out in triplicate.

Colony formation

A total of 800 GC cells were suspended in RPMI-1640
containing 100 mL/L fetal bovine serum, and were
seeded in 6-well plates. Fresh complete RPMI-1640
medium was changed every 3 d and the cells were
cultured for 2 wk. The cells were washed with PBS and
fixed with 40 mL/L paraformaldehyde. GIEMSA was used
to stain the cells and images were taken with a digital
camera. The experiments were carried out in triplicate.

Flow cytometry for cell cycle

6

For cell cycle analysis, 1 × 10 cells from each group were
harvested and fixed with cold 700 mL/L ethanol at 4 ℃
overnight. The cells were then washed twice with cold
PBS and resuspended with 0.5 mL PI/RNase Staining
Solution (Sungene Biotech, Tianjin, China). The cells
were incubated for 30 min at room temperature, and
protected from light. Cells were subsequently analyzed
by flow cytometry. The experiments were carried out in
triplicate.

Cell culture

Three human GC cell lines, SGC-7901, BGC-823 and
MGC80-3, and a normal gastric epithelial cell line, GES-1,
were obtained from American Type Culture Collection
(Manassas, VA, United States). BGC-823 and MGC80-3
cells were poorly differentiated gastric adenocarcinoma
cell lines, and SGC-7901 was a well-differentiated gastric
adenocarcinoma cell line. BGC-823 and SGC-7901 cells
were intestinal-type GC cell lines. MGC80-3 cells were a
diffuse-type GC cell line. Cells were routinely cultured in
complete RPMI-1640 medium (Gibco, Grand Island, NY,
United States) supplemented with 100 mL/L fetal bovine
serum (Biological Industries, Beit Haemek, Israel) and 10
mL/L penicillin-streptomycin (Invitrogen, Carlsbad, CA,
United States) at 37 ℃ in a humidified atmosphere with
50 mL/L CO2.

Wound healing and Transwell assay

Cells plated in 6-well plates at 90% confluence were
wounded with sterile 200-μL pipette tips. After wounding,
the cells were washed twice with PBS to remove cell
debris and incubated in serum-free medium. The cellfree wound area was photographed every 24 h at 50 ×
magnification. The motility speed of cells was determined
using Image J software (National Institutes of Health,
Bethesda, MD, United States) as an average closed area
of the wound relative to the initial wound area at 48 h
after wounding.
The Transwell assay was carried out to evaluate
cell migration and invasion. Cells were resuspended in
serum-free medium, and seeded in the upper chamber
5
with an 8-µm pore size filter membrane at 2 × 10 cells/
mL (100 μL/chamber), while conditioned medium with
200 mL/L fetal bovine serum was added to the lower
chamber (Corning, Inc., Corning, NY, United States).

Lentivirus-mediated RNA interference and overexpression of Uba2

For Uba2 knock-down, a lentiviral vector encoding a short
interfering (si)RNA targeted against Uba2, and a negative
control lentiviral vector (Control; NC) were constructed
(Genechem, Shanghai, China). For over-expression
studies, the Uba2 gene was synthesized according to
the human UBA2 mRNA sequence and inserted into a
lentiviral vector (Genechem). Transfection was carried
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The cell invasion assay was similar to the cell migration
assay, except that upper chambers were coated with
Matrigel (Corning, Inc.). The cells were incubated for 48
h in a 37 ℃ atmosphere containing 50 mL/L CO2. Cells
in the upper chamber were removed with cotton swabs,
whereas migrated/invaded cells on the bottom side of
the membrane were fixed in 40 mL/L paraformaldehyde,
stained with GIEMSA, and counted in five randomly
selected microscopic fields (100 ×) per well. All experi
ments were carried out in triplicate.

rabbit monoclonal antibody (1:2000; CST), anti-P21
rabbit monoclonal antibody (1:2000; CST), anti-LaminB1
mouse monoclonal antibody (1:1000; Sigma, Japan),
anti-GAPDH mouse monoclonal antibody (1:3000; CST)
and anti-β-actin rabbit monoclonal antibody (1:1000;
Sigma). The membranes were then washed three
times with TBST and incubated with the corresponding
horseradish peroxidase-conjugated secondary antibody
for 1 h at room temperature. The target proteins on the
membrane were visualized using a chemiluminescence
reagent (Proteintech, Chicago, IL, United States) and
photographed by Tanon 5200 series chemiluminescence
imaging analysis system (Tanon, Shanghai, China).

Luciferase reporter assay

T-cell factor (TCF) luciferase reporter gene lymphoid
enhancer factor (LEF)/TCF cognate sequences (TOP
Flash), its mutant FOP Flash, and pGMR-TK Renilla
(Genomeditech, Shanghai, China) were constructed.
BGC-823 (BGC-823 Uba2-siRNA and BGC-823 Control)
and SGC-7901 (SGC-7901 Uba2 and SGC-7901 EV) cells
were plated in 24-well plates and co-transfected with
TOP Flash or FOP Flash with pGMR-TK Renilla. After 48
h, cells were lysed following manufacturer’s instructions
(Dual luciferase reporter gene assay kit; Beyotime,
Shanghai, China). Luciferase activity was measured
using a multifunctional microplate tester (Synergy H1;
BioTek, Beijing, China). The firefly luciferase activity was
normalized to Renilla luciferase activity and the TOP/FOP
ratio reflected the activity of the Wnt/β-catenin signaling
pathway. The experiments were performed in triplicate.

Statistical analysis

Statistical analyses were carried out using SPSS version
21.0 (IBM Corp., Armonk, NY, United States). Histograms
and related statistical analyses were performed using
GraphPad Prism (version 5.0; GraphPad Software, Inc).
The association between Uba2 expression and clinico
pathological parameters of the patients with GC was
2
analyzed using Pearson’s χ test. Paired sample t-test or
one-way analysis of variance was used as appropriate.
Differences were considered statistically significant at P <
0.05.

RESULTS
Increased Uba2 expression is associated with invasionrelated indicators in GC

Western blotting

Whole cell lysates were extracted using RIPA lysis buffer
supplemented with protease inhibitor cocktail (Roche,
Indianapolis, IN, United States), and Phosphatase
Inhibitor Cocktail (CoWin Biosciences, Beijing, China).
Nucleoproteins were extracted using a nuclear and
cytoplasmic protein extraction kit (Transgene, Beijing,
China) and quantified by the bicinchoninic acid assay.
A total of 40 μg protein was separated by 100 mL/L
SDS-PAGE and transferred electrophoretically onto
polyvinylidene difluoride membranes (Millipore, Bedford,
MA, United States). The membranes were blocked
in 50 g/L nonfat milk diluted in Tris-buffered saline
containing 1 mL/L Tween-20 (referred to as TBST) for 1
h at room temperature, before addition of appropriate
primary antibody for overnight incubation at 4 ℃.
Primary antibodies were as follows: anti-Uba2 rabbit
monoclonal antibody (1:2000; Abcam), anti-β-catenin
rabbit monoclonal antibody (1:2000; CST, Danvers, MA,
United States), anti-phosphorylation β-catenin rabbit
monoclonal antibody (1:1000; CST), anti-E-cadherin
rabbit monoclonal antibody (1:2000; CST), anti-vimentin
rabbit monoclonal antibody (1:2000; CST), anti-MMP7
rabbit monoclonal antibody (1:1000; Abcam), anti-MMP2
rabbit monoclonal antibody (1:1000; CST), anti-c-Myc
rabbit monoclonal antibody (1:1000; CST), anti-cyclin
D1 rabbit monoclonal antibody (1:1000; CST), anti-Bcl-2
rabbit monoclonal antibody (1:1000; Abcam), anti-P27
rabbit monoclonal antibody (1:2000; CST), anti-CDK4
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To analyze the levels of Uba2 in GC tissues and para
cancerous tissues, eight GC tissues and paired normal
gastric tissues were examined by Western blotting (Figure
1A). Compared to normal gastric tissues, the level of
Uba2 was higher in GC tissues. Furthermore, Uba2
protein level was evaluated by immunohistochemistry in
100 GC specimens and 22 normal gastric tissues. Uba2
protein was mainly localized in the nucleus, and a higher
level of Uba2 expression was detected in GC tissues
than in normal gastric tissues (Figure 1B-D). In all, 24
and 76 of 100 GC tissues were divided into negative/low
staining and high staining respectively, based on Uba2
protein levels. Correlations between Uba2 expression and
clinicopathological factors were analyzed subsequently. In
the 100 tumor samples, Uba2 expression was associated
with differentiation, Lauren’s classification, vascular
invasion, TNM stage, p-T category, and p-N category
(Table 1). No significant differences were seen in age,
gender, tumor size, and perineural invasion. These
results indicated that Uba2 might be associated with GC
development, invasion and metastasis.

Uba2 is up-regulated in GC cell lines

To investigate the biological function of Uba2 in GC,
expression of Uba2 was analyzed in three GC cell lines
and a normal gastric epithelial cell line. Uba2 was
expressed in all three GC cell lines, and expression in
BGC-823 and MGC80-3 cells was higher than in GES-1
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Figure 1 Ubiquitin-like modifier activating enzyme 2 expression in gastric cancer tissues and normal gastric tissues. A: Western blotting showed that Uba2
expression was higher in gastric cancer tissues than in paired normal gastric tissues; B: Weak nuclear Uba2 staining in normal gastric mucosa; C: Low nuclear Uba2
expression in adenocarcinoma; D: High nuclear Uba2 expression in signet ring cell carcinoma (magnification: 200 ×). N: Normal gastric tissues; T: Gastric cancer
tissues; Uba2: Ubiquitin-like modifier activating enzyme 2.

Uba2 regulates invasion and migration in GC cells

cells (Figure 2A). The BGC-823 cell line had the highest
level of Uba2 expression and was infected with siRNA
(siUba2). Similarly, the SGC-7901 cell line, which had
the lowest level of Uba2 expression, was infected with
Uba2 plasmid for subsequent experiments (Figure 2B
and C).

To explore the role of Uba2 in GC invasion and migration,
wound healing and Transwell assays were performed.
The wound healing assay showed that compared to
control cells, closure of wound gaps was delayed in
BGC-823 siUba2 cells and the opposite effects were seen
in SGC-7901 cells with over-expression of Uba2 (Figure
5A). The Transwell assay showed that cell migration and
invasion were significantly reduced after down-regulation
of Uba2, while the number of cells was increased
after Uba2 over-expression (Figure 5B). We analyzed
expression of matrix metalloproteinase (MMP)2, MMP7,
and c-Myc, which are related to cancer metastasis. In
support of our findings, MMP2, MMP7, and c-Myc were
reduced after Uba2 knock-down, while their expression
was increased with Uba2 over-expression (Figure 5C).
These results suggest that Uba2 may promote invasion
and migration of cancer cells by up-regulating the
expression of MMP2, MMP7, and c-Myc.

Uba2 promotes proliferation and cell cycle regulation in
GC cells

MTT and colony formation assays were performed
to explore the effects of Uba2 on proliferation in GC.
Compared to that in control cells, knock-down of Uba2
inhibited cell growth and decreased colony formation,
while in SGC-7901 cells with Uba2 over-expression, cell
growth and colony formation were increased (Figure 3).
Flow cytometry was used to examine the effects
of Uba2 on the cell cycle. Compared to control cells, S
phase cells were reduced in BGC-823 siUba2 cells, while
S phase cells were significantly increased in SGC-7901
cells with Uba2 over-expression (Figure 4A). Knockdown of Uba2 in BGC-823 cells decreased expression
of cyclin D1 and Bcl-2, but increased expression of
P21 and P27. The opposite results were found in
SGC-7901 cells with Uba2 over-expression (Figure 4B).
These findings indicated that Uba2 promoted GC cell
proliferation and cell cycle regulation.
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Uba2 induces EMT in GC cells

Recent studies have suggested that EMT results in the
acquisition of characteristics required for carcinoma
progression, such as migration and invasion. Because
Uba2 promoted migration and invasion of GC cells, we
speculated that it might also be involved in EMT. EMT
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Table 1 Correlations of ubiquitin-like modifier activating enzyme 2 expression and clinicopathological characteristics
Characteristic
Age in yr
< 60
≥ 60
Gender
Male
Female
Tumor size in cm
<5
≥5
Lauren classification
Intestinal
Diffuse
Mixed
Differentiation
Moderate or well
Poor
TNM stage
I/II
III/IV
pT-category
T1,T2
T3,T4
pN-category
N0
N1,N2,N3
Vascular invasion
Yes
No
Perineural invasion
Yes
No

Cases

Uba2 expression
Low, negative and low

High, moderate and strong

39
61

8
16

31
45

74
26

19
5

55
21

59
41

16
8

43
33

24
44
32

11
4
9

13b
40
23

43
57

18
6

25c
51

41
59

14
10

27a
49

33
67

12
12

21a
55

28
72

11
13

17a
59

74
26

14
10

60a
16

62
38

11
13

51
25

a

P < 0.05, bP < 0.01, and cP < 0.001 for low Uba2 expression vs high Uba2 expression. Uba2: Ubiquitin-like modifier activating enzyme 2.

is often associated with a decrease or loss of epithelial
markers and a gain of mesenchymal markers. Consistent
with our speculation, compared to control cells, increased
expression of E-cadherin and decreased expression of
vimentin was found in BGC-823 cells with Uba2 knockdown, whereas over-expression of Uba2 in SGC-7901
cells had the opposite effects (Figure 6). These data
suggested that Uba2 might induce EMT in GC cells.

implied that Uba2 was involved in regulating the Wnt/
β-catenin signaling pathway in GC.

DISCUSSION
Despite the declining incidence and mortality rate in GC,
there are still 1 million new cases and > 700000 fatal
cases annually, accounting for 10% of cancer-related
[2]
deaths globally . The poor outcomes imply a critical
need for the detection of molecular targets that may
confer better survival benefits.
Uba2 is an essential component of SUMO-activating
enzyme E1, which is correlated with the development and
[16]
progression of several cancers, including GC . However,
the role of Uba2 in EMT and its underlying mechanism in
GC remain unknown. In our study, expression of Uba2 in
GC and normal gastric tissues was compared by Western
blotting and immunohistochemistry. The results showed
higher expression of Uba2 in GC than in normal gastric
tissues. Uba2 expression was also higher in GC cells than
in normal gastric epithelial cells. Uba2 expression was
associated with differentiation. BGC-823 and MGC80-3
cells were poorly differentiated and SGC-7901 cells
were well differentiated. The former two had worse
differentiation than SGC-7901, which might be the
reason why Uba2 expression was lower in SGC-7901

Uba2 knock-down and over-expression regulates the
Wnt/β-catenin signaling pathway

Involvement of the Wnt/β-catenin signaling pathway in
the Uba2-mediated modulation of EMT and cell migration
and invasion was further examined by Western blotting
and luciferase reporter assay. As the key molecule of
the Wnt/β-catenin pathway, expression of total and
nuclear β-catenin was significantly reduced, while that of
phosphorylated β-catenin increased after knock-down of
Uba2. The opposite effects were observed in SGC-7901
cells with over-expression of Uba2 (Figure 7A). Luciferase
reporter assay is a commonly used method to evaluate
β-catenin-dependent activity driving the expression
of TCF. Our results showed that knock-down of Uba2
resulted in a 1.5-fold decrease, while over-expression
of Uba2 resulted in a 1.7-fold increase in the ratio of
TOP Flash to FOP Flash activity (Figure 7B). These data
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Figure 2 Expression of ubiquitin-like modifier activating enzyme 2 in different cell lines analyzed by Western blotting. A: Uba2 expression in SGC-7901,
BGC-823 and MGC80-3 GC cell lines and the GES-1 normal gastric epithelial cell line; B: Knock-down efficiency of Uba2 in BGC-823 cells; C: Over-expression of
Uba2 in SGC-7901 cell line. aP < 0.05 vs Control; bP < 0.01 vs EV. EV: Empty vector; Uba2: Ubiquitin-like modifier activating enzyme 2.
[16]

than BGC-823 and MGC80-3 cells. Uba2 expression
was also associated with Lauren’s classification, vascular
invasion and TNM stage, which suggests that Uba2 is
involved in GC development and progression.
MTT and colony formation assays showed that Uba2
promoted GC cell proliferation and cell cycle regulation.
Cyclin D1 could bind and activate G1-phase-specific
cyclin-dependent kinase 4 (CDK4), which promotes
[17,18]
transition of the cell cycle from G1 to S phase
. P27
and P21 serve as cell cycle inhibitors by regulating cell
cycle progression at the G1 and S phases. Moreover, P27
[19,20]
level negatively correlates with cell growth rate
. The
changes in expression of cell cycle-related proteins were
in accordance with our results of cell cycle analysis. Bcl-2
is an important member of the Bcl-2 family of proteins
that regulate apoptosis, and changes in its expression
suggest involvement of apoptosis. Subsequently, wound
healing and Transwell assays were performed with
knock-down or over-expression of Uba2. Knock-down
of Uba2 suppressed cell migration and invasion, which
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was consistent with a previous report . On the contrary,
Uba2 over-expression promoted cancer-related activities.
These findings demonstrated that Uba2 was associated
with GC invasion and metastasis in vitro.
Further investigation of the potential Uba2 mech
anisms was carried out. The Wnt/β-catenin canonical
pathway is a crucial therapeutic target in a variety
[21]
of cancers . The pathway is initiated by secreted
glycoproteins, such as Wnt1 and Wnt3a, which bind
to cell surface receptors, such as Frizzled and lowdensity lipoprotein receptor-related protein 6, leading
to degradation of the complex containing adenomatous
polyposis coli, axis inhibition protein, and glycogen
synthase kinase 3 beta and stabilization of β-catenin.
β-Catenin then translocates to the nucleus to bind to TCF
or LEF, followed by transcriptional activation of the Wnt
target genes involved in tumor migration, invasion and
[22-24]
EMT
. Accumulating evidence indicates that activation
of Wnt/β-catenin signaling is one of the direct causes
[25-27]
of gastric and intestinal tumor development
. It has
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Figure 3 Ubiquitin-like modifier activating enzyme 2 promotes cell growth and colony formation in gastric cancer. A: MTT assay showed that knock-down
of Uba2 (siUba2) inhibited growth of BGC-823 cells, and over-expression of Uba2 promoted growth of SGC-7901 cells; B: Colony formation assay showed downregulation of colony number in BGC-823 siUba2 cells and up-regulation in SGC-7901 cells with Uba2 over-expression. Data are shown as mean ± SD from three
independent experiments. aP < 0.05, bP < 0.01, cP < 0.001 vs Control; dP < 0.05, eP < 0.01 vs EV. EV: Empty vector; Uba2: Ubiquitin-like modifier activating enzyme 2.
[31]

also been shown that aberrantly activated Wnt/β-catenin
pathway is involved in the initiation and progression
[28,29]
of GC in both humans and mice
. These results
suggest that the Wnt/β-catenin signaling pathway plays
an important role in gastrointestinal carcinogenesis.
[30]
Furthermore, Choi et al found that transducing β-like
protein 1 (TBL1) -TBL1-related protein 1 (TBLR1) can
activate the key molecule β-catenin upon SUMOylation,
which activates expression of Wnt/β-catenin downstream
target genes. Another study showed that SUMOylation
positively regulates the Wnt signaling pathway, while
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deSUMOylation has the opposite effect .
As an important SUMOylation component, it is poss
ible that Uba2 is involved in modulating the Wnt signa
ling pathway. However, until now, the role of Uba2 in
modulating the Wnt signaling pathway in GC was largely
unknown. In the present study, Uba2 over-expression
increased expression of β-catenin and induced nuclear
accumulation, while opposite results were found upon
Uba2 knock-down. These findings showed that Uba2
might induce nuclear translocation of β-catenin. Luciferase
reporter assay also showed increased activity of the Wnt/
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Figure 4 Ubiquitin-like modifier activating enzyme 2 facilitates cell cycle progression and regulates expression of cell cycle-related proteins. A: Cell
cycle analysis by flow cytometry in BGC-823 and SGC-7901 cells. aP < 0.05 vs Control; bP < 0.05 vs EV; B: Expression of cyclinD1, P21, P27, CDK4, and Bcl-2. All
experiments were performed in triplicate. CDK4: Cyclin-dependent kinase 4; EV: Empty vector; Uba2: Ubiquitin-like modifier activating enzyme 2.

β-catenin pathway in SGC-7901 cells with over-expression
of Uba2, while the activity was decreased when Uba2 was
knocked down in BGC-823 cells. Our study demonstrates
that Uba2 regulates the malignant behavior of GC possibly
by facilitation of the Wnt/β-catenin signaling pathway.
EMT is an essential initial step in the acquisition of
migratory and invasive capabilities, by which epithelial
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cells lose cell-cell junctions and polarity, leading to
[32]
a mesenchymal cell phenotype . The process is
characterized by the production of MMPs to degrade
the extracellular matrix, while cell adhesion weakens
[14]
and metastasis continues . E-cadherin is a calciumdependent transmembrane glycoprotein expressed in
most epithelial cells; the loss of which is a biomarker of
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Figure 5 Ubiquitin-like modifier activating enzyme 2 promotes gastric cancer migration and invasion in vitro. A: Wound healing assay showed that knockdown of Uba2 inhibited migration of BGC-823 cells, while over-expression of Uba2 promoted migration of SGC-7901 cells (magnification: 50 ×). Data are shown
as mean ± SD from three independent experiments; B: Transwell assays showed that knock-down of Uba2 inhibited migratory and invasion properties in BGC-823
cells, and over-expression of Uba2 in SGC-7901 cells showed the opposite effects (magnification: 100 ×). Data are shown as mean ± SD from three independent
experiments; C: Alterations of MMP2, c-Myc, and MMP7 in BGC-823 and SGC-7901 cells. aP < 0.05, bP < 0.001 vs Control; and cP < 0.05, dP < 0.001 vs EV. EV:
Empty vector; MMP: Matrix metalloproteinase; Uba2: Ubiquitin-like modifier activating enzyme 2.
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Figure 6 Impact of ubiquitin-like modifier activating enzyme 2 expression on the expression of E-cadherin and vimentin. Western blotting showed that
expression of E-cadherin was up-regulated and vimentin was decreased in BGC-823 cells transfected with siRNA, while expression of E-cadherin was down-regulated
and vimentin was up-regulated in SGC-7901 cells with Uba2 over-expression. Uba2: Ubiquitin-like modifier activating enzyme 2.
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Figure 7 Alterations in Wnt/β-catenin signaling and related protein expression levels in BGC-823 and SGC-7901 cells. A: Western blotting showed that
expression of proteins related to the Wnt/β-catenin signaling pathway was altered in BGC-823 cells transfected with siRNA and SGC-7901 cells with Uba2 overexpression; B: Luciferase reporter assays of BGC-823 cells transfected with siRNA and SGC-7901 cells with Uba2 over-expression after transfection with TOP Flash
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[33]

that may confer survival benefit are urgently needed in GC.

EMT . The increased expression of MMP2 and MMP7 is
[34,35]
involved in promoting cancer metastasis
. Previous
studies have also concluded that c-Myc expression
[36,37]
might represent an aggressive phenotype of GC
.
Our results were in accordance with these findings.
In our study, decreased expression of E-cadherin, upregulation of mesenchymal marker vimentin, and
increased levels of MMP2, MMP7 and c-Myc confirmed
the importance of Uba2 in tumor progression, invasion
and metastasis through EMT in GC.
In summary, our study provides evidence of an
association between Uba2 expression and GC migration
and invasion via modulation of the Wnt/β-catenin
signaling pathway and enhancement of EMT. Our results
suggest that Uba2 might serve as a potential therapeutic
target in GC.

Research motivation

There are insufficient reports about the function and mechanism of ubiquitin-like
modifier activating enzyme 2 (Uba2) in GC migration, epithelial-mesenchymal
transition, and invasion.

Research objectives

The aim of this study is to investigate the role of Uba2 in GC migration and
invasion, and its underlying mechanism.

Research methods

Uba2 expression was examined at the protein level by immunohistochemistry
or Western blotting in tissues and cells. Correlations of Uba2 expression and
clinicopathological characteristics were also analyzed. Transwell and wound
healing assays were used to examine the effects of Uba2 on GC migration
and invasion. Western blotting and luciferase reporter assay were used to
investigate the underlying mechanism.

Research results

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

The up-regulation of Uba2 expression was found in both GC tissues and cells.
Knock-down of Uba2 inhibited cell proliferation, migration and invasion, and
over-expression of Uba2 showed the opposite effects. Wnt/β-catenin signaling
might be involved in the oncogenic function of Uba2.

Research background

Gastric cancer (GC) is the fourth most common malignancy and the second
leading cause of cancer-related death globally. Although decreasing trends have
been observed in GC incidence and mortality rates due to recent advances in
diagnosis and treatment, the burden remains the highest in East Asia (especially
in China). However, many GC patients are already at an inoperable advanced
stage at diagnosis, which results in poor outcome. Thus, new therapeutic targets
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Research conclusions

The study shows that Uba2 is an enhancer of cell migration and invasion in
GC, and the possible mechanism is via regulating the canonical Wnt signaling
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pathway and enhancing epithelial-mesenchymal transition. Thus, Uba2 is
expected to be an important oncoprotein and potential therapeutic target in GC.

16

Research perspectives

The function and mechanism of Uba2 in GC development has been confirmed, and
the significance of Uba2 as a promising therapeutic target for GC is highlighted.
17
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METHODS
We evaluated immunological differences in cord blood
and placental tissues for a case of twins one of which
delivered vaginally while the other delivered by caesarian
section (C-section). Cord blood mononuclear cells were
isolated and placenta tissues were processed for cell
isolation. Immune phenotyping was performed by flow
cytometry methods following staining for T cells, natural
+
killer (NK) cells, monocytes, neutrophils and CD71
erythroid cells in both cord blood and placenta tissues. In
addition, fetal calprotectin of twins was measured 12 wk
after birth.

tial impact on adaptation to microbiome merits further
investigations.

RESULTS
We found lower percentages of immune cells (e.g. T
cells, monocytes and neutrophils) in the cord blood of
C-section delivered compared to vaginally delivered
newborn. In contrast, percentages of monocytes and
neutrophils were > 2 folds higher in the placental tissues
of C-section delivered newborn. More importantly, we
+
observed lower percentages of CD71 erythroid cells
in both cord blood and placental tissues of C-section
+
delivered case. Lower CD71 erythroid cells were
associated with a more pro-inflammatory milieu at the
fetomaternal interface reflected by higher expression of
+
inhibitory receptors on CD4 T cells, higher frequency
of monocytes and neutrophils. Furthermore, type of
+
delivery impacted the gene expression profile in CD71
erythroid cells. Finally, we found that C-section delivered
child had > 20-fold higher FCP in his fecal sample at 12
wk of age.

INTRODUCTION

Dunsmore G, Koleva P, Sutton RT, Ambrosio L, Huang V, Elahi
S. Mode of delivery by an ulcerative colitis mother in a case of
twins: Immunological differences in cord blood and placenta.
World J Gastroenterol 2018; 24(42): 4787-4797 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i42/4787.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i42.4787

Pregnancy is a fascinating biological and immunological
phenomenon that not only impacts the health of the
growing infant but also influences its future wellbeing.
A significant body of literature has suggested that
the method of delivery at the end of this journey can
[1]
influence the future health of the infant . Vaginal
delivery is commonly performed but in complicated or
high-risk pregnancies delivery is performed by caesarian
sections (C-sections). According to a report by World
Health Organization (WHO) in 2013, 32.7% of births
were achieved by C-section in the United States of
America, which demonstrates a significant demand for
[2]
this procedure . This trend is reflected in many parts
of the world such as China (approximately 50%), in
[1]
some parts of Brazil (80%) and appears to be on
[3,4]
the rise globally . Despite the fact that C-section is
integral for the safety of the mother and the newborn
in some cases, maternal demand or recommendation
by physicians for this procedure has increased worldwide without the consideration of potential long-term
impacts on the growing newborn. Many studies suggest
that C-section may come at a price for the offspring.
The initial establishment of the neonatal microbiome is
mainly determined by maternal-newborn exchanges
of microbiota. During the normal vaginal delivery, the
infant is exposed to a myriad of commensal bacteria,
[5]
which colonize the urogenital tract of the mother .
C-section delivery appears to be the greatest insult to
[6]
the natural congregation of the neonatal microbiome .
Upon exposure to these commensal bacteria, the infant’
s immune system becomes educated, and through
these interactions gets trained to tolerate non-harmful
[7]
and non-self-antigens . Thus, vaginal delivery and
exposure to maternal microbiota via breastfeeding
are evolutionary important to the newborn’s develop
ment and health. Furthermore, continued exposure to
environmental microbiota is considered to be essential
for the development of the microbiome and subsequently
the immune system of the offspring as suggested by the
[8]
hygiene hypothesis . Together these studies elude to
the growing body of work that describes how clinically
intervened delivery methods may impact the immune
system and overall health of the newborn.

CONCLUSION
Mode of delivery impacted immune cells profile in cord
blood/placenta. In particular frequency of immunosu
+
ppressive CD71 erythroid cells was reduced in C-section
delivered newborn.
Key words: Caesarian section; Twins; Vaginal delivery;
+
Immunophenotyping; CD71 erythroid cells; Cord blood;
Placental tissues
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mode of delivery may influence the immune
system of offspring with possible long-term consequences.
We report a case of twins one of which delivered vaginally
while the other delivered by caesarian section (C-section).
We found lower frequency of immune cells in the cord
blood and placenta of C-section delivered compared to
vaginally delivered newborn. However, higher percentage
of neutrophils was observed in the placenta of C-section
delivered newborn. Interestingly, for the very first time we
+
found lower percentages of immunosuppressive CD71
erythroid cells in both cord blood and placenta tissues of
C-section delivered offspring. Thus, mode of delivery can
modulate the immune system of newborn. In particular,
+
lower frequency of CD71 erythroid cells and its poten
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Samples collection

The mechanisms which contribute to immune system
training are diverse and can be complicated; however,
disrupting the mother-to-child transmission of microbiota
by C-sections may result in increased risk of asthma,
celiac disease, obesity and autoimmune diseases such as
[9-11]
type 1 diabetics
.
For instance, a study conducted on monozygotic
(MZ) twins at different ages demonstrated that MZ
twins’ immune systems became increasingly divergent
at later ages suggesting immunological variations stem
primarily from the environmental and non-heritable
[12]
factors . Although initial microbial interactions and
mother-to-offspring microbiota exchanges are crucial in
the development of neonatal microbiome and immune
system education, immediate effects of delivery methods
on the neonatal immune system is not very well studied.
Several studies have reported differences in cord
[11-13]
blood biomarkers in C-section vs vaginal deliveries
.
However, we are unaware of any study showing the
possible impact of delivery mode on cord blood and
placenta immunological biomarkers in twins born to an
inflammatory bowel disease (IBD) mothers.
+
Recently, we have reported that CD71 erythroid
cells co-expressing CD71 (transferrin receptor) and
CD235 (erythroid lineage marker) are physiologically
[13,14]
abundant in human cord blood and placenta tissues
.
These cells have distinctive immunosuppressive pro
perties and quench excessive inflammation induced
[14]
by abrupt commensal colonization in the newborn .
+
In addition, we have shown that CD71 erythroid cells
expand during pregnancy and play an important role
[13]
in feto-maternal tolerance . A more recent study
+
reported lower frequency of CD71 erythroid cells in
[15]
pre-term deliveries
however their frequency and
function in vaginal vs C-section deliveries of full-term
pregnancies in particular in IBD patients’ needs to be
determined.
Here a delivery of twins by a mother with ulcerative
colitis is reported. In this study, we analyzed the delivery
effects on immune biomarkers in cord blood, placental
tissues and fecal samples 12 wk postpartum. Particular
+
attention was made on the frequency of CD71 erythroid
[13,14,16-18]
cells with immunomodulatory activities
.

Cord blood and placental tissues were collected at
the time of delivery from an ulcerative colitis patient
participating in an IBD related study. Fecal samples
from twins were collected 12 wk later. The patient was
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), and hepatitis C virus (HCV) seronegative.

Cell isolation

Immune cells from cord blood mononuclear cells (CBMCs)
were isolated by Ficoll-paque gradient separation on
premium Ficoll-paque (GE). Placental immune cells
were isolated from the extravillous placental tissues
followed by Ficoll-paque gradient separation according
[13]
+
to our previous report . CD71 erythroid cells were
isolated and enriched as we have previously reported
[14,16]
+
elsewhere
. Purity of enriched CD71 erythroid cells
was ≥ 96% for subsequent experiments.

Flow cytometry

Antibodies used for this study were purchased from BD
bioscience or eBioscience: anti-CD3 (SK7), anti-CD4
(RPA-T4), anti-CD8 (SK1), anti-CD14 (M5E2), anti-CD16
(3G8), anti-CD71 (HB15e), anti-CD235a (GA-R2), antiprogram death-1 (PD-1) (EH12.1), anti-lymphocyteactivation gene 3 (LAG-3) (3DS223H), and anti-T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3)
(F38-2E2). Cell viability was measured using LIVE/DEAD
Aqua (Life Technologies).

Fecal calprotectin measurement

Fecal samples were collected from newborns at 12
wk of age and kept frozen until use. The frozen fecal
samples were thawed and a CALEX Cap Stool Extraction
Device (Bühlmann Laboratories, AG) was used to dilute
the samples to a working concentration. The fecal
calprotectin (FCP) was measured using a fCAL ELISA
Calprotectin kit (Bühlmann Laboratories, AG).

Gene expression analysis

MATERIALS AND METHODS
Case description

Twin A was born by naturally induced vaginal delivery,
the other twin by urgent C-section which is commonly
practiced in order to reduce stress for the second
[19]
twins
or due to delivery associated complications.
In this case, the head of baby B was high and variable
uncomplicated fetal heart rate decelerations was noted.
As the head was descending the cervix did clamp down,
at that point urgent C-section was recommended. Child
A was born at 21:45 and child B by C-section at 22:22
pm, 37 min apart.

WJG|www.wjgnet.com

+

Total RNA was isolated from enriched CD71 erythroid
cells in TRIzol (Sigma) using the RNeasy Mini Kit
(Qiagen). The purified RNA was quantified on NanoDrop
ND-1000 Spectrophotometer (NanoDrop Technologies)
and 1 μg RNA of each sample was reverse-transcribed
using QuantiTect Reverse Transcription kit (Qiagen).
The analysis of mRNA expression level was performed
TM
on CFX96 Touch Real-Time PCR Detection System
(BioRad) using TaqMan Fast Advanced Master Mix
(Applied Biosystems) with TaqMan probes for arginase-2
(Hs00982833-m1), transforming growth factor beta-1
(TGF-β1) (Hs00998133-m1), vascular endothelial
growth factor A (VEGFα) (Hs00900055-m1) and the
phagocyte NADPH oxidase (NOX2) (QT00029533). Actin
(QT00088935) was used as a reference gene, and the
gene expression of the targeted genes was calculated by
-ΔΔCt
the 2
method.
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Table 1 The mother’s clinical history during pregnancy
Age (yr)
34

Diagnosis

Disease
phenotype

Daily medications

FCP Score at
third trimester

Objective CRP

pMayo Score

Clinical
remission

Ulcerative colitis

E3 pancolitis

Sulfasalazine (2 g)
Omeprazole (20 mg)
Prenatal vitamin (1)

176.41 mg/mL

11.5

1

Yes

FCP: Fecal calprotectin; CRP: C reaction protein.

no difference was observed between the twins (Figure
1F and G). Although the functionality of T cells was not
investigated in this study, these findings suggest that
+
+
CD4 and CD8 T cells may function differently in cord
blood due to different expression pattern of inhibitory
receptors.
+
CD71 erythroid suppressor cells have been shown
to play an integral role in feto-maternal tolerance and
[13,14,16-18]
neonatal immunity
. Thus, we measured their
frequency in cord blood and interestingly observed higher
+
frequency of CD71 erythroid cell in the cord blood of the
offspring born by vaginal route compared to C-section
delivered newborn (Figure 1H). Higher frequency of
+
CD71 erythroid cells due to their immunosuppressive
nature may create a more immunosuppressive milieu
in the cord blood of vaginally delivered newborn. This
is reflected by a trend in higher expression of inhibi
+
tory receptors on CD4 T cells in C-section delivered
cord blood. Inhibitory receptors can be considered as
activation markers in an acute setting but in chronic
conditions these receptors are associated with T cell
[22,23]
exhaustion
. Furthermore, we analyzed the expression
of some genes [TGF-β, NOX2, arginase-2, V-domain
Ig suppressor of T cell activation (VISTA) and VEGFα]
+
associated with immunological properties of CD71
[13,14,16]
erythroid cells as we have described elsewhere
.
Interestingly, we observed higher expression of TGF-β
and arginase-2 mRNA however lower expression of
+
NOX2 mRNA in CD71 erythroid cells isolated from
the cord blood of C-section compared to the vaginally
delivered newborn (Figure 1I). However, the mRNA
expression for VISTA and VEGFα remained similar in
+
CD71 erythroid cells obtained from the cord blood of
both newborns (Figure 1I).

Table 2 Twins clinical data
Vaginally delivered twin

Urgent C-section

37
Female
2720
9, 9, 9, 9
40.89

37
Male
3150
1, 8, 9
982

Gestational age (wk)
Sex of the baby
Birthweight (g)
APGAR Score
FCP (12 wk of age)

C-section: Caesarean section; FCP: Fecal calprotectin.

Ethical considerations

All patient samples and information were collected accor
ding to the Institutional Review Boards at the University
of Alberta. The study participant provided written consent
to participate in this study.

RESULTS
Clinical observations of the mother, infants at delivery
and 12 wk of age

The mother had ulcerative colitis and on Sulfasalazine
during pregnancy with clinical history outlined in Table
1. The twins were born at gestational age of 37 wk
with different APGAR scores and weight at birth (Table
2). Follow ups indicated that both twins were healthy,
gained weight in similar trend and breastfed until 12 wk
of age.

Immunophenotyping of cord blood cells

Immune phenotyping was performed for the frequency
of different immune cells such as T cells, natural killer
+
(NK) cells, monocytes, CD71 erythroid cells and
neutrophils. Cell populations were gated according to
the gating strategies (Figure 1A). We observed a trend
in higher abundance of immune cells (e.g. T cells,
monocytes and neutrophils) in the vaginally delivered
newborn in comparison to the C-section delivered (Figure
[20,21]
1B and C), which in consistent with other reports
.
Following these observations, the expression of immune
checkpoint molecules (PD-1, LAG-3 and TIM-3) were
+
+
measured on the surface of CD4 and CD8 T cells. A
slight increase in (PD-1/Tim-3) expression was noted
+
on the CD4 T cells from the infant delivered by C-section
compared to the naturally delivered newborn, while
the expression of other inhibitory molecules remained
constant (Figure 1D and E). Interestingly, the expression
of inhibitory molecules TIM-3 and PD-1 were much
+
+
higher on CD8 T cells compared to CD4 T cells but
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Immunophenotyping of placental cells

Placental immune cells were analyzed using flow
cytometry by the gating strategies detailed in Figure
2A for different immune cells (e.g., T cells, NK cells,
+
neutrophils, monocytes and CD71 erythroid cells).
No difference in the frequency of T cells and NK cells
was observed (Figure 2B and C) however we found a
+
substantial increase in CD14 CD16 monocytes (6.28%
compared to 2%) and neutrophils (21.9% compared
to 8.69%) in the placental tissues of the infant born by
C-section compared to the vaginally delivered newborn
(Figure 2A-C). Upon further analysis, we found that
+
CD4 T cells from the placenta of the C-section delivered
child had higher expression of TIM-3 and PD-1 (Figure
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Figure 1 Immunophenotyping of cord blood cells. A: Showing flow cytometry gating strategy for different immune cells in cord blood. B: Representative dot plots
showing T cells (CD3, CD4 and CD8), monocytes (CD14 and CD16) and NK cells (CD56 and CD16) in cord blood of vaginally or C-section delivered newborns. C:
Cumulative data showing percentages of different immune cells in cord blood. D: Representative dot plots showing expression of PD-1/LAG-3 and PD-1/TIM-3 on
CD4+ T cells. E: Percentages of PD-1, LAG-3 and TIM-3 on CD4+ T cells from cord blood of twins. F: Representative dot plots showing expression of PD-1/LAG-3 and
PD-1/TIM-3 on CD8+ T cells. G: Percentages of PD-1, LAG-3 and TIM-3 on CD8+ T cells from cord blood of twins. H: Representative dot plots showing percentages
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2D and E). In consistent with cord blood data, higher
+
+
expression of TIM-3 on placental CD8 vs CD4 T cells
was observed without any difference between the twins
(Figure 2F and G).
More interestingly, we observed almost 50%
+
reduction in the abundance of CD71 erythroid cells
in the placental tissues of the infant born by C-section
compared to her naturally delivered brother (Figure 2H).
+
Therefore, lower frequency of CD71 erythroid cells may
explain more inflammatory response in C-section child
reflected by higher monocytes and neutrophils presence
(Figure 2A and C).

observation was that the C-section delivered newborn
had > 20-fold FCP in his fecal sample compared to the
vaginally delivered sister at 12 wk of age. Of note, FCP
can be normally higher in healthy breast-fed compared
[27]
to formula-fed infants , however both twins in this
study were breastfed until the time of sample collection.
+
Of note, we have shown that CD71 erythroid cells
prevent improper immune activation against commensal
[14]
microbial colonization in neonates , therefore
+
lower frequency of CD71 erythroid cells in C-section
deliveries may impair swift adaptation to microbiota and
predisposes these newborns to a more pro-inflammatory
response in their gut.
Although, existing data suggest that C-section
delivery alters bacterial exchange between mothernewborn with long term immunological subsequences,
our observations indicate immediate immunological diffe
rences at the feto-maternal interface in twins delivered
by different delivery modes. It was very interesting to
+
see that CD71 erythroid cells had different profiles in
terms of mRNA expression for genes associated with
their immunomodulatory properties. Therefore, our
observations suggest that the stress associated with the
mode of delivery or any complications during delivery
can have substantial effects on both the mother’s and
the newborn’s immune systems. In our case the child B
was delivered 37 min later than child A and therefore,
delay in delivery as a confounding factor should be taken
in consideration.
As for the clinical significance of our finding, mode
of delivery not only can have long-term consequences
(microbiome development) for the child but also shortterm immunological effects should be taken in consi
deration. Although, we are unable to dissociate the
possible impact of delay in the delivery of the second
twin’s due to urgent C-section, our observations merit
further examinations.
In IBD patients, decision-making around delivery
is more complex than the general population because
of medications (e.g. immunosuppressive use), wound
healing, anatomical considerations such as previous
[28]
surgeries, rectal and perianal disease . In the mean
time, decision making between the providers and IBD
patients is crucial especially considering the potential
long-term impact of delivery mode in the newborn’s
future wellbeing.
A higher awareness among childbearing mothers and
professional about the association of elective C-section
and adverse immunological effects is warranted. Thus,
both short- and long-term consequences of delivery
modes appear to be greater than what is considered
nowadays.
In conclusion, our study provides another piece of
evidence on how route of delivery can influence the
newborn’s immune system. In particular, for the very
first time we have shown that mode of delivery impacts
+
the frequency and functionality of CD71 erythroid cells
in cord blood and placenta tissues. Our findings suggest

Early implications of C-section delivery

To investigate the potential impact of C-section on the
newborns’ intestinal health, we analyzed the abundance
of FCP in the fecal samples of both newborns at 12 wk
of age. We found that the amount of FCP was substan
tially elevated in the fecal sample of the infant born by
C-section, indicating increased intestinal inflammation
(Figure 2I).

DISCUSSION
Mode of delivery is critical in shaping the immune
system of the offspring. Existing evidence support
immunological differences in newborns delivered by
[21,24]
C-section vs vaginal deliveries
. In this report, we
have investigated immunological differences in cord
blood and placenta of twins one delivered by vaginal
and the other by urgent C-section. A trend in reduction
of T cells, monocytes and neutrophils was observed in
the cord blood of C-section delivered vs the vaginally
delivered twin. This is in line with other reports indicating
that C-section newborns have lower leukocytes count
[20]
in their cord blood . Similarly, lower percentages of
neutrophils, NK cells and monocytes in the cord blood
[25,26]
are reported for C-section deliveries
however we did
not observe any difference in frequency of NK cells in this
report. There is no report about the possible changes in
+
the frequency of CD71 erythroid cells in cord blood of
C-section vs vaginal deliveries. Of note, we found that
+
the C-section twin had 10% lower CD71 erythroid cells
in cord blood vs his sister who was delivered by vaginal
route. Strikingly, we observed 3-fold higher percentages
of monocytes (2.03% to 6.48%) and neutrophils (9%
to 22%) in C-section delivered vs vaginal delivered
placental tissues. In contrast, we found 50% lower
+
percentages of CD71 erythroid cells in placental tissues
+
of C-section delivered twin. CD71 erythroid cells have
distinctive immunosuppressive properties as we have
[13,14,16]
reported elsewhere
. Therefore, higher expression
+
of inhibitory receptors (PD-1 and TIM-3) on CD4 T
cells in cord blood and placental tissues of C-section
delivered newborn suggest the presence of a proinflammatory milieu. This is reflected by the presence
of more neutrophils and monocytes in the placental
tissues of the C-section delivered twin. The most striking
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mode of delivery directs immunological changes which
may have potential long-term effects on the offspring.
Future research should focus on different modes of
delivery in twins especially longitudinal aspects targeting
immunological functions.

supporting this work.
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Abstract
AIM
To estimate the risk of end-stage renal disease (ESRD)
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in patients with inflammatory bowel disease (IBD).
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METHODS
From January 2010 to December 2013, patients with
Crohn’s disease (CD) and ulcerative colitis (UC) were
identified, based on both the International Classification
th
of Diseases, 10 revision (ICD-10) and the rare,
intractable disease registration program codes from
the National Health Insurance (NHI) database in South
Korea. We compared 38812 patients with IBD to ageand sex-matched non-IBD controls with a ratio of 1:3.
Patients newly diagnosed with ESRD were identified with
the ICD-10 code.

INTRODUCTION
End-stage renal disease (ESRD), the final stage of
chronic kidney disease (CKD), has emerged as one of the
most important public health issues worldwide. Old age,
diabetes mellitus (DM), hypertension, and hyperuricemia
have been identified as traditional independent risk
[1]
factors of ESRD . The prevalence of ESRD is expected to
rise over the next several decades, due to the increasing
proportion of individuals at risk of ESRD in the general
population. The estimated number of patients that
required renal replacement therapy worldwide was 2.618
million in 2010, and the number is expected to rise
[2]
to 5.439 million in 2030 . ESRD increases the risk of
premature death, and incurs enormous socio-economic
[3]
costs . Recently, patients with ESRD comprised less than
1% of the total Medicare population, but they consumed
approximately 7% of the overall Medicare fee-for-service
[4]
budget in the United States .
Inflammatory bowel disease (IBD), which includes
Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic, relapsing, inflammatory disease that mainly
[5-7]
involves the intestines
. The prevalence of IBD
continues to increase steadily in western countries,
and the incidence is rapidly increasing in developing
[8-11]
countries
. Patients with IBD can develop various
extra-intestinal manifestations (EIMs), which can lead
to high morbidity, and occasionally, life-threatening
consequences. Renal manifestations, including nephro
lithiasis, glomerulonephritis, tubulointerstitial nephritis,
and secondary amyloidosis, develop in 4%-23% of
[12]
patients with IBD . Each of these conditions can induce
renal insufficiency. Kidney injury may also result from
dehydration, malnutrition, or medication side effects in
[12,13]
patients with IBD
. A few epidemiologic studies have
reported incidences of renal insufficiency that ranged
[14,15]
from 2.0% to 15.9% in patients with IBD
. However,
to date, the incidence and risk factors of ESRD have not
been evaluated in patients with IBD, because ESRD is
considered to be a very rare manifestation of IBD. Here,
we conducted a nationwide population-based study to
estimate the incidence and evaluate risk factors of ESRD
in patients with IBD.

RESULTS
During a mean follow-up of 4.9 years, ESRD was
detected in 79 (0.2%) patients with IBD and 166 (0.1%)
controls. The incidence of ESRD in patients with IBD was
0.42 per 1000 person-years. Patients with IBD had a
significantly higher risk of ESRD than controls [adjusted
hazard ratio (HR) = 3.03; 95% confidence interval (CI):
1.77-5.20; P < 0.001]. The incidences (per 1000 personyears) of ESRD were 0.51 in patients with CD and 0.13
in controls, respectively (adjusted HR = 6.33; 95%CI:
2.75-14.56; P < 0.001). In contrast, the incidence of
ESRD was similar between the UC and control groups
(0.37 vs 0.37 per 1000 person-years; adjusted HR = 2.01;
95%CI: 0.90-4.51; P = 0.089).
CONCLUSION
The risk of ESRD was elevated in patients with CD, but
not UC. Patients with CD should be monitored carefully
for signs of renal insufficiency.
Key words: Claims data; Inflammatory bowel disease;
Crohn’s disease; End-stage renal disease; Ulcerative
colitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this nationwide population-based study,
we demonstrated that incidence of end-stage renal
disease (ESRD) is significantly higher in patients with
inflammatory bowel disease (IBD) compared to ageand sex-matched controls without IBD. To the best of
our knowledge, this population-based study was the
first to determine the incidence and risks of ESRD in
patients with IBD. The incidence of ESRD in patients
with Crohn’s disease (CD) was approximately 5 times
higher compared to controls. Patients with CD are at a
significant risk of developing ESRD regardless of age,
sex, comorbidities. Our study provides new evidence
for the association between ESRD and CD.

MATERIALS AND METHODS
Data source

This retrospective cohort study retrieved data from
the National Health Insurance (NHI) database, which
is provided by the Korean government. The NHI is a
mandatory health insurance program that covers about
97% of the Korean population; the remaining 3% of the
population is covered by medical aid. The NHI database

Park S, Chun J, Han KD, Soh H, Choi K, Kim JH, Lee J, Lee C,
Im JP, Kim JS. Increased end-stage renal disease risk in patients
with inflammatory bowel disease: A nationwide population-based
study. World J Gastroenterol 2018; 24(42): 4798-4808 Available
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includes information on patient demographics, medical
treatments, outpatient and inpatient care, disease diag
noses, prescriptions, and procedure records. NHI data on
individuals are assigned non-identifiable codes to protect
[16]
personal information . In 2006, the NHI established
a registration program for rare, intractable diseases
(RIDs), including IBD and ESRD, to identify patients that
required enhanced reimbursement for the medical costs
associated with these diseases. To qualify for enrollment
in this special co-payment program, patients had to meet
the diagnostic criteria provided by the NHI for each RID,
and the assessments had to be approved by specialized
physicians. The diagnostic codes were defined according
to codes from the International Classification of Diseases,
th
10 revision (ICD-10), and a special code (V code) was
[17]
assigned in the RID database . To be eligible for the
RID program and assigned a V code, patients with IBD
had to meet specific diagnostic criteria, including clinical
features, endoscopic findings, and histologic findings.
Previous studies have validated the accuracy of the RID
[17,18]
database for both CD and UC diagnoses
.

necrosis factor (TNF)-α agents (infliximab, adalimumab
and golimumab). Medication use was defined as all
relevant medications prescribed within 1 year of the
diagnosis of IBD. We also collected information on
comorbidities identified with ICD-10 codes, including
hypertension (ICD-10 codes: I10-13 and I15, and
medications for treating hypertension), DM (E11-14,
and medications for treating DM), dyslipidemia (E78,
and medications for treating dyslipidemia), congestive
heart failure (I50), ischemic heart disease (I20-I25),
hyperuricemia, and gout (E79 and M10). The definitions
[19]
of these comorbidities were validated previously . The
metabolically healthy condition was defined as the absence
of DM, hypertension, and dyslipidemia. An underlying
disease was defined as the presence of at least one of
the following: DM, hypertension, dyslipidemia, congestive
heart failure, ischemic heart disease, hyperuricemia, and
gout.
The primary endpoint was newly diagnosed ESRD
during follow-up. ESRD was detected with the combin
ation of an ICD-10 code (N18-19, Z49, Z94.0, and
Z99.2) and a V code assigned to patients with CKD
that required hemodialysis (V001), peritoneal dialysis
(V003), or a kidney transplantation (V005), as defined
[19]
previously . All patients that underwent dialysis or
a kidney transplantation were enrolled in the RID
program; therefore, we could identify and analyze
data for all patients with ESRD in the study population.
Both the IBD cohort and the matched control cohort
were followed-up for the development of ESRD until
December 2015. During follow-up, patients without
newly developed ESRD were censored on the last day
of follow-up or the date of death.

Study population and patient identification

This study included all patients with IBD in the NHI
database that were assigned both the V code and the
ICD-10 code, from January 2010 to December 2013.
The NHI and RID databases included patients with
CD (registration code: V130, ICD-10 code: K50) and
UC (registration code: V131; ICD-10 code: K51). The
IBD cohort was divided into an incidence group and a
prevalence group. The IBD incidence group included all
patients who were newly identified through both the
ICD-10 and V codes for CD and UC, from January 2010
to December 2013. These patients had no history of CD
or UC from January 2005 until the inclusion date (index
day) of the study. The IBD prevalence group included all
patients who were formerly assigned IBD codes, from
2005 to index day, and received reimbursements for
IBD during the 2010 to 2013 period.
To assess the diagnostic accuracy of IBD defined
with the V code and ICD-10 codes, the medical records
of all patients with IBD were reviewed retrospectively
at Seoul National University Hospital (SNUH), a tertiary
referral hospital in Korea. A total of 830 patients with
IBD were enrolled at SNUH, based on both ICD-10
code and V code assignments, from January 2010 to
December 2013. The diagnostic sensitivities for CD
and UC were 94.5% (312/330) and 96.4% (482/500),
respectively. Age- and sex-matched individuals without
IBD were randomly selected and included in the study
at a ratio of 3 controls for each patient with IBD (3:1).

Statistical analysis

Statistical analyses were performed with the R pro
gram, version 3.4.3 (The R Foundation for Statistical
Computing, Vienna, Austria, http://www.R-project.org)
and SAS, version 9.2 (SAS Institute Inc., Cary, NC, United
States) for Windows. Random selection of age- and sexmatched controls was performed with the SAS algorithm.
Data for continuous variables are presented as the mean
and standard deviation. Data for categorical variables
are presented as numbers and percentages. Differences
in baseline characteristics and comorbidities between
the IBD cohort and control individuals were analyzed
2
with independent t-tests and χ tests, as appropriate.
Incidences of ESRD and mortality were calculated by
dividing the number of events by 1000 person-years
of follow up for each group. Cox proportional hazard
regression models were used to calculate the hazard
ratio (HR) and 95% confidence interval (CI) for the risk
of ESRD and the mortality, after adjusting for covariates,
in patients with IBD compared to controls. The cumula
tive incidences of ESRD were compared between groups
with the Kaplan-Meier method and the log-rank test.
Subgroups defined by age, sex, metabolic health, and
underlying diseases were analyzed with the test for

Data collection and study endpoints

We collected data on patient demographics (age, sex, place
of residence, and income level) and on the medications
used for IBD treatment, including 5-aminosalicylic acid
(ASA), corticosteroids, immunomodulators (azathioprine/
6-mercaptopurine and methotrexate), and anti-tumor
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Table 1 Baseline characteristics of the study population of patients without (control) or with inflammatory bowel disease n (%)
IBD

CD

UC

Non-IBD control IBD cohort P value Non-CD control CD cohort
P value Non-UC control UC cohort P value
(n = 116436) (n = 38812)
(n = 37755) (n = 12585)
(n = 78681) (n = 26227)
Age, yr1
< 15
15-39
≥ 40
Male gender
Rural residence
Lowest income 20%2
DM
Hypertension
Dyslipidemia
Congestive heart failure
Ischemic heart disease
Gout and/or
hyperuricemia
Medications for IBD
5-ASA
Corticosteroids
Immunomodulators
Anti-TNF-α
Follow-up period, yr1

40.0 ± 16.7
3639 (3.1)
56679 (48.7)
56118 (48.2)
71040 (61.0)
62045 (53.3)
33008 (28.4)
5786 (5.0)
14958 (12.9)
8620 (7.4)
781 (0.7)
4028 (3.5)
1552 (1.3)

40.0 ± 16.7
1213(3.1)
18893 (48.7)
18706 (48.2)
23680 (61.0)
19312 (49.8)
9316 (24.0)
1612 (4.2)
4494 (11.6)
2718 (7.0)
356 (0.9)
1747 (4.5)
650 (1.7)

121 (0.1)
0 (0.0)
0 (0.0)
0 (0.0)
4.9 ± 1.3

36288 (93.5)
22284 (57.4)
10356 (26.7)
2103 (5.4)
4.9 ± 1.3

-

< 0.001
< 0.001
< 0.001
< 0.001
0.009
< 0.001
< 0.001
< 0.001

30.7 ± 14.6
2562 (6.8)
26577 (70.4)
8616 (22.8)
26451 (70.1)
20043 (53.1)
10705 (28.4)
845 (2.3)
2294 (6.1)
1358 (3.6)
119 (0.3)
616 (1.6)
320 (0.9)

30.7 ± 14.6
854 (6.8)
8859 (70.4)
2872 (22.8)
8817 (70.1)
6163 (49.0)
3229 (25.7)
280 (2.2)
665 (5.3)
376 (3.0)
85 (0.7)
381 (3.0)
211 (1.7)

< 0.001
< 0.001
< 0.001
< 0.001
0.337

32 (0.1)
0 (0.0)
0 (0.0)
0 (0.0)
4.9 ± 1.3

11233 (89.3)
7382 (58.7)
6982 (55.5)
1659 (13.2)
4.9 ± 1.3

-

< 0.001
< 0.001
0.931
0.001
0.001
< 0.001
< 0.001
< 0.001

44.4 ± 15.8
1077 (1.4)
30102 (38.3)
47502 (60.4)
44589 (56.7)
42002 (53.4)
22303 (28.6)
4941 (6.3)
12664 (16.1)
7262 (9.2)
662 (0.8)
3412 (4.3)
1232 (1.6)

44.4 ± 15.8
359 (1.4)
10034 (38.3)
15834 (60.4)
14863 (56.7)
13149 (50.1)
6087 (23.2)
1332 (5.1)
3829 (14.6)
2342 (8.9)
271 (1.0)
1366 (5.2)
439 (1.7)

-

< 0.001
< 0.001
< 0.001
< 0.001
0.145
0.004
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
0.004

89 (0.1)
0 (0.0)
0 (0.0)
0 (0.0)
4.9 ± 1.3

25055 (95.5)
14902 (56.8)
3374 (12.9)
444 (1.7)
4.9 ± 1.3

< 0.001
< 0.001
< 0.001
< 0.001
0.418

1

Mean ± SD; 2Defined as patients whose income was in the bottom 20%. ASA: Aminosalicylic acid; CD: Crohn’s disease; DM: Diabetic mellitus; IBD:
Inflammatory bowel disease; TNF: Tumor necrosis factor; UC: Ulcerative colitis.

P < 0.001), and gout and hyperuricemia (1.7% vs
1.3%; P < 0.001). The CD and UC groups were not
significantly different from controls in the trends of
covariates, except for DM and dyslipidemia. Among the
medications prescribed for IBD, 5-ASA, corticosteroids,
immunomodulators, and anti-TNF-α agents were
prescribed to 36288 (93.5%), 22284 (57.4%),
10356 (26.7%), and 2103 (5.4%) patients with IBD,
respectively. The immunomodulators and anti-TNF-α
agents were used more frequently by patients with CD
than by patients with UC (Table 1).

interaction. A P-value < 0.05 was considered statistically
significant.

Ethical considerations

This study performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. The study protocol was
approved by the SNUH Institutional Review Board
(H-1703-107-840). All personal information from the NIH
database was encrypted and all data were anonymous;
therefore, we were not required to obtain informed
consent from the study participants.

Development of ESRD in patients with inflammatory
bowel diseases

RESULTS

During a mean follow-up period of 4.9 years, ESRD was
newly diagnosed in 79 (0.2%) patients with IBD and in
166 (0.1%) control individuals. Among the patients of
ESRD, 238 patients underwent dialysis and 7 patients
underwent kidney transplantation. Overall, the incidence
of ESRD was significantly higher in the IBD cohort than
in controls (0.42 vs 0.29 per 1000 person-years; crude
HR = 1.43; 95%CI: 1.09-1.87; P = 0.009; Table 2
and Figure 1A). The incidences of ESRD were 0.38 and
0.49 in the IBD prevalence and IBD incidence groups,
respectively. The ESRD incidence was significantly higher
in the IBD cohort compared to controls, after multivariate
adjustments for age, sex, place of residence, income,
comorbidities and medication use (adjusted HR = 3.03;
95%CI: 1.77-5.20; P < 0.001; Table 2). The ESRD
incidence (per 1000 person-years) was 0.51 in patients
with CD and 0.13 in controls (adjusted HR = 6.33;
95%CI: 2.75-14.56; P < 0.001). Among patients with
CD in both the incident and prevalent CD groups, the

Baseline characteristics of the study population

From January 2010 to December 2013, a total of 38812
patients with IBD were enrolled in the IBD cohort
(mean age 40.0 ± 16.7 years and 61.0% males). Of
these, 16606 patients (42.8%) were included in the
IBD incidence group. The IBD cohort comprised 12585
patients with CD and 26227 patients with UC. The
control group comprised 116436 age- and sex-matched
subjects without IBD. Compared to the control group,
the IBD cohort had significantly lower proportions
of rural residents (P < 0.001) and individuals with
incomes in the bottom 20% (P < 0.001). Moreover,
compared to controls, the IBD cohort had significantly
lower prevalences of DM (4.2% vs 5.0%; P < 0.001),
hypertension (11.6% vs 12.9%; P < 0.001), and
dyslipidemia (7.0% vs 7.4%; P = 0.009), and higher
prevalences of congestive heart failure (0.9% vs 0.7%;
P < 0.001), ischemic heart disease (4.5% vs 3.5%;
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166
79

166
32
47

116436
38812

116436
16606
22206

ESRD cases (n )

568575
65646
123600

568575
189245

Person-years

0.29
0.49
0.38

0.29
0.42

ESRD incidence
(per 1000
person-years)

1 (reference)
1.71 (1.17-2.50)
1.29 (0.93-1.78)

1 (reference)
1.43 (1.09-1.87)

Crude HR
(95%CI)

0.013

0.009

P value

1 (reference)
1.89 (1.29-2.73)
1.23 (0.89-1.70)

1 (reference)
1.43 (1.09-1.87)

1

Model 1 HR
(95%CI)

0.004

0.009

P value

1 (reference)
1.72 (1.17-2.52)
1.63 (1.18-2.27

1 (reference)
1.67 (1.27-2.18)

2

Model 2 HR
(95%CI)

< 0.001

< 0.001

P value

1 (reference)
3.06 (1.71-5.47)
3.01 (1.67-5.43)

1 (reference)
3.03 (1.77-5.20)

3

Model 3 HR
(95%CI)

< 0.001

< 0.001

P value

4802

Total CD
Non-CD control
CD cohort
CD subgroup
Non-CD control
Incident CD group
Prevalent CD group
Total UC
Non-UC control
UC cohort
UC subgroup
Non-UC control
Incident UC group
Prevalent UC group

24
31

24
14
17

142
48

142
18
30

37755
5586
6999

78681
26227

78681
11020
15207

ESRD cases (n )

37755
12585

Total No. (n )

383587
43810
84247

383587
128056

184988
21836
39353

184988
61189

Person-years

0.37
0.41
0.36

0.37
0.37

0.13
0.64
0.43

0.13
0.51

ESRD incidence
(per 1000
person-years)

1 (reference)
1.14 (0.70-1.87)
0.95 (0.64-1.41)

1 (reference)
1.01 (0.73-1.40)

1 (reference)
4.92 (2.53-9.57)
3.34 (1.79-6.23)

1 (reference)
3.90 (2.29-6.65)

Crude HR
(95%CI)

0.821

0.941

< 0.001

< 0.001

P value

Table 3 Incidence and risk of end-stage renal disease in patients with Crohn’s disease and ulcerative colitis

1 (reference)
1.27 (0.77-2.08)
0.90 (0.61-1.33)

1 (reference)
1.01 (0.73-1.40)

1 (reference)
5.18 (2.66-10.07)
3.37(1.81-6.29)

1 (reference)
4.00 (2.35-6.82)

1

Model 1 HR
(95%CI)

0.821

0.961

< 0.001

< 0.001

P value

1 (reference)
1.19 (0.73-1.96)
1.24 (0.83-1.84)

1 (reference)
1.22 (0.88-1.70)

1 (reference)
4.21 (2.12-8.35)
3.81(2.03-7.16)

1 (reference)
3.98 (2.31-6.85)

2

Model 2 HR
(95%CI)

0.513

0.307

< 0.001

< 0.001

P value

1 (reference)
1.99 (0.83-4.80)
2.03 (0.87-4.72)

1 (reference)
2.01 (0.90-4.51)

1 (reference)
6.30 (2.56-15.26)
6.38 (2.47-16.47)

1 (reference)
6.33 (2.75-14.56)

3

Model 3 HR
(95%CI)

0.235

0.089

< 0.001

< 0.001

P value

ESRD incidence was also significantly higher compared to controls (Incident CD group: adjusted HR = 6.30; 95%CI: 2.60-15.26; P < 0.001; Prevalent CD group: adjusted
HR = 6.38; 95%CI: 2.47-16.47; P < 0.001). In contrast, the ESRD incidence was not significantly different between the UC and control groups (adjusted HR = 2.01; 95%CI:
0.90-4.51; P = 0.089; Table 3; Figure 1B and C).

Model 1: adjusted for age and sex; 2Model 2: adjusted for model 1 + region, income, diabetes mellitus, hypertension, dyslipidemia, congestive heart failure, ischemic heart disease, gout and/or hyperuricemia; 3Model 3: adjusted
for model 2 + medication use (5-aminosalicylic acid, corticosteroids, immunomodulators, and anti-tumor necrosis factor -α agents). CD: Crohn’s disease; CI: Confidence interval; ESRD: End-stage renal disease; HR: Hazard ratio;
No: Number; UC: Ulcerative colitis.

1

3

Model 1: adjusted for age and sex; 2Model 2: adjusted for model 1 + place of residence, income, diabetes mellitus, hypertension, dyslipidemia, congestive heart failure, ischemic heart disease, and gout and/or hyperuricemia;
Model 3: adjusted for model 2 + medication use (5-aminosalicylic acid, corticosteroids, immunomodulators, and anti-tumor necrosis factor -α agents). CI: Confidence interval; ESRD: End-stage renal disease; HR: Hazard ratio;
IBD: Inflammatory bowel disease; No: Number.

1

Total IBD
Non-IBD control
IBD cohort
IBD subgroup
Non-IBD control
Incident IBD group
Prevalent IBD group

Total No. (n )

Table 2 Incidence and risk of end-stage renal disease in patients with inflammatory bowel diseases
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A

0.35

Cumulative incidence of ESRD (%)

Cumulative incidence of ESRD (%)

0.25

B

Non-IBD
IBD
Log-rank test P < 0.001

0.20
0.15
0.10
0.05
0.00

0.30

Non-CD
CD
Log-rank test P < 0.001

0.25
0.20
0.15
0.10
0.05
0.00

0

1

2

3

4

5

6

0

1

Years after follow up

Non-IBD
IBD

C
Cumulative incidence of ESRD (%)

3

4

   5

6

67762
22612

451
139

   5

6

45552
15293

209
60

Non-CD
CD

37681
12506

37596
12447

Number at risk
32557 27437
10756 9047

22210
7319

242
79

Non-UC
UC

0.25
0.20

Number at risk
115905 115379 99978 84636
38558 38362 33243 28164

2

Years after follow up

Log-rank test P = 0.942

0.15
0.10
0.05
0.00
0

1

2

3

4

Years after follow up

Non-UC
UC

78224
26052

77783
25915

Number at risk
67421 57199
22487 19117

Figure 1 Kaplan-Meier plots show the cumulative incidence of end-stage renal disease in patients with inflammatory bowel disease. A: All patients
with inflammatory bowel disease; B: Patients with Crohn’s disease; C: Patients with ulcerative colitis. CD: Crohn’s disease; ESRD: End-stage renal disease; IBD:
Inflammatory bowel disease; UC: Ulcerative colitis.

Subgroup analysis

Figure 2B).

For the subgroup analysis, patients were dichotomized
according to age, sex, and comorbidities. We found that,
regardless of age, sex, and comorbidities, all patients
with CD had a significantly higher risk of developing
ESRD than controls. Moreover, the impact of CD on
developing ESRD was more prominent among patients
younger than 40 years old (adjusted HR: 8.24 vs
3.33; interaction P = 0.198) and patients that were
metabolically healthy (adjusted HR: 10.07 vs 3.13;
interaction P = 0.074; Figure 2A). In contrast, patients
with UC showed no significant differences in the risk of
developing ESRD compared to the control subgroups
of sex and comorbidities. However, patients with UC
that were younger than 40 years old had a higher risk
of developing ESRD than those older than 40 years
old (adjusted HR: 2.85 vs 1.07; interaction P = 0.118;
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Development of ESRD according to medication use

Among patients with IBD, those with CD that were
treated with 5-ASA had a significantly lower ESRD
incidence than those with CD treated without 5-ASA (0.40
vs 1.68 per 1000 person-years; adjusted HR = 0.43;
95%CI: 0.19-0.99; P = 0.048). The ESRD incidence was
not significantly different between patients treated with
or without corticosteroids, immunomodulators, or antiTNF-α agents (Supplementary Table 1)

Inflammatory bowel disease as a risk factor for overall
mortality

The overall mortality rate was higher in IBD cohort
compared to controls, but there was no statistically
significant difference (4.76 vs 4.48 per 1000 person-
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A

Adjusted hazard ratio (95%CI)
Subgroup

Interaction P value

Age
Age < 40

8.24 (3.06-22.24)

Age ≥ 40

3.33 (1.72-6.42)

Sex
Male

3.51 (1.78-6.89)

0.198

0.296

6.45 (2.58-16.10)

Female
Metabolically healthy

10.08 (3.28-30.97)

Yes

0.074

3.13 (1.65-5.92)

No
Underlying diseases

6.53 (1.96-21.73)

None

0.383

3.44 (1.89-6.27)

1 or more
0.01

0.1

1

CD decreases ESRD

B

10

100

CD increases ESRD

Adjusted hazard ratio (95%CI)
Subgroup

Interaction P value

Age
Age < 40

2.85 (1.12-2.78)

Age ≥ 40

1.07 (0.75-1.52)

Sex
Male

1.10 (0.73-1.63)

Female

1.45 (0.81-2.58)

Metabolically healthy
1.78 (0.85-3.72)

Yes

0.118

0.643

0.160

0.93 (0.64-1.34)

No
Underlying diseases
None

2.06 (0.93-4.55)

0.085

0.90 (0.62-1.29)

1 or more
0.01

0.1

UC decreases ESRD

1

10

100

UC increases ESRD

Figure 2 Analysis of end-stage renal disease in subgroups of patients with inflammatory bowel disease. The cohort was divided into patients with (A) Crohn’
s disease or (B) ulcerative colitis. Subgroups included younger/older age, male/female sex, patients that were/were not metabolically healthy (defined as the absence
of diabetes mellitus, hypertension, and dyslipidemia), and patients with/without underlying disease (defined as the presence of at least one of the following: diabetes
mellitus, hypertension, dyslipidemia, congestive heart failure, ischemic heart disease, or hyperuricemia and gout). CD: Crohn’s disease; CI: Confidence interval;
ESRD: End-stage renal disease; UC: Ulcerative colitis.

years; crude HR = 1.06; 95%CI: 0.98-1.15; P = 0.120;
Supplementary Table 2). However, after multivariate
adjustments for age, sex, place of residence, income,
comorbidities and medication use, IBD cohort showed
increased risk of all-cause death compared to controls
(adjusted HR = 2.15; 95%CI: 1.84-2.51; P < 0.001;
Supplementary Table2). The overall mortality rate (per
1000 person-years) was 4.31 in patients with CD, 2.10
in controls (adjusted HR = 2.79; 95%CI: 2.14-3.64;
P < 0.001; Supplementary Table 3), 4.98 in patients
with UC and 5.63 in controls (adjusted HR = 1.98;
95%CI: 1.62-2.41; P < 0.001; Supplementary Table 3),
respectively.

the IBD incidence group, during a mean follow-up of
4.9 years. This population-based study was the first to
determine the overall incidence and risks of ESRD in
patients with IBD.
To date, only a few epidemiological studies had
investigated the risk of renal insufficiency in patients with
IBD. A retrospective cohort study in Austria showed that
renal insufficiency occurred in 11 out of 775 patients with
IBD (2.0%). In that study, all patients had CD. Of the
11 patients with renal insufficiency, 2 required regular
[14]
hemodialysis . A case-control study in the United States
showed that renal insufficiency occurred in 40 of 251
patients with IBD (15.9%). Although more patients with
CD experienced renal insufficiency compared to patients
with UC, the incidences were not significantly different
[15]
between groups (18.0% vs 12.0%) . Our retrospective
study included a large population, which represented
all nationwide insurance claims data. We found that the
incidence of ESRD in patients with CD was approximately
5 times greater than that of controls, but the ESRD

DISCUSSION
In this nationwide population-based study, we
demonstrated that the ESRD incidence was significantly
higher in patients with IBD than in controls. The overall
incidence of ESRD was 0.49 per 1000 person-years in
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incidence in patients with UC was similar to that of
controls. These findings were consistent with findings
in previous studies. Although rare, the clinically relevant
end-stage events derived from renal insufficiency were
significantly different between patients with CD and
controls. Therefore, patients with CD should be aware of
the potential risk of ESRD.
Several mechanisms might explain why patients with
CD have a high risk of ESRD. First, ESRD may result from
a systemic inflammatory response via an immunologic
mechanism that determines the disease activity of the
intestines. Low-grade systemic inflammation was found
to contribute to renal dysfunction, and consequently,
[20,21]
it has emerged as a novel risk factor for ESRD
.
Indeed, previous reports have demonstrated that
elevated inflammatory and pro-inflammatory cytokines
[22]
functioned as early predictors of renal insufficiency .
Moreover, serum C-reactive protein (CRP) levels were
[23]
elevated in patients with ESRD that initiated dialysis . A
clear increase in the serum CRP level was also observed
[24-26]
in patients with CD, but not in patients with UC
. In
addition, serum Interlukin 6 levels, a key mediator of
the synthesis of acute-phase proteins in the liver, was
significantly elevated in patients with CD compared to
[25,27]
those with UC and healthy controls
. Patients with CD
exhibit extensive transmural inflammation and patients
with UC exhibit inflammation that is typically localized
to the mucosa. Consequently, it can be hypothesized
that a systemic inflammatory process, derived from the
inflamed intestine, might become more severe in CD
than in UC; in turn, this systemic inflammation might
exacerbate renal function impairments, which might
eventually lead to ESRD. This hypothesis is consistent
with results from previous study on the epidemiology
[28,29]
of EIMs in patients with IBD
. This study reported
that the prevalence of EIMs was higher among patients
with CD than among those with UC. Another potential
mechanism for the development of ESRD in patients with
CD might be related to autoimmune susceptibility, which
is involved in the pathogenesis of CD. Finally, ESRD might
be induced by the secondary complications of chronic
intestinal inflammation, such as metabolic or nutritional
[12,13]
disorders
. Especially in CD, nutritional problems,
such as dehydration and electrolyte depletion, are more
prominent due to persistent inflammation of the intestine
and repeated intestinal resection, leading to electrolyte
abnormalities and recurrent acute renal failure, resulting
[30]
in CKD .
Of the renal manifestations of IBD, the following
manifestations are more common in patients with CD.
First, nephrolithiasis may occur in association with fat
malabsorption and excessive absorption of oxalate in
the intestine of the CD. The prevalence of recurrent
nephrolithiasis in patients with CD is up to five times
higher than the general population, which may be the
[31,32]
cause of the ESRD
. Also, secondary AA amyloidosis,
one of the rare complications of IBD, can occur in
about 0.3% to 10.9% of patients with CD, from 0% to
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0.7% of patients with UC, and can cause proteinuria,
[33-37]
nephrotic syndrome and eventually ESRD
. Third,
asymptomatic urinary abnormalities referring to pro
teinuria and hematuria were more common in patients
with CD than in patients with UC, and these symptoms
may be manifestations of glomerular disease, such
[38]
as glomerulonephritis, which can cause ESRD .
Last, several epidemiologic studies have shown that
patients with IBD have an increased risk of developing
nonalcoholic fatty liver disease (NAFLD), and up to
[39,40]
33.6% of patients with IBD have NAFLD
. NAFLD is
also associated with proteinuria and may present poor
[41,42]
renal outcome
. Therefore, NAFLD may be regarded
as a differential diagnosis of asymptomatic urinary
abnormalities in IBD and careful consideration should be
given to the occurrence of renal insufficiency.
Recently, growing evidence has suggested that
[43]
IgA nephropathy is closely related to CD . Ambrez
[44]
et al
showed that IgA nephropathy [24% (20 of
83)], followed by interstitial nephritis [19% (16 of 83)]
was the most common diagnosis in patients with IBD
who underwent renal biopsy. The prevalence of IgA
nephropathy was also significantly higher in patients
[44]
with IBD than in the general population . In addition,
rapidly progressive IgA nephropathy has been reported
[45]
in a patient with exacerbation of CD , suggesting a
common pathophysiological relationship between IgA
nephropathy and CD. The association between IgA
nephropathy and CD might be explained by a direct
link between the kidneys and the intestine, referred to
as the kidney-gut axis. Intestinal tissues from patients
with IgA nephropathy and patients with CD showed
[46,47]
increased permeability
. The destruction of the
intestinal epithelial barrier causes an increase in proinflammatory cytokines and toxins associated with the
intestinal microbiota. These conditions facilitate the
translocation of endotoxin and microorganisms from
the intestine into the bloodstream, which can lead to a
[48]
systemic inflammatory reaction and uremic toxicity .
IgA nephropathy is caused by the accumulation of
immune complexes that react to food and microbial
antigens. In patients with CD, serum IgG and IgA levels
were elevated by a mucosal inflammatory response
[49,50]
to Klebsiella pneumoniae antigen
. In addition, a
genetic predisposition to CD may be related to genes
involved in IgA nephropathy, such as human leukocyte
[51,52]
antigen-DR1
. Indeed, IgA nephropathy is one of
the most common causes of glomerulonephritis, which
leads to ESRD in some patients. Consequently, the fact
that the pathogeneses of CD and IgA nephropathy are
closely related might explain why patients with CD have
a high risk of ESRD. However, in the present study, we
did not evaluate the proportion of patients with CD that
developed ESRD through IgA-related nephropathy.
In general, we found that patients with CD were
at significantly higher risk of developing ESRD than
patients with UC and controls, regardless of age, sex,
comorbidities. However, among patients with CD, the
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Research motivation

risk of ESRD was more prominent in patients that were
younger, were metabolically healthy, and were not
diagnosed with DM, hypertension, or dyslipidemia. In
contrast, among patients with UC, only a younger age
was significantly associated with the risk of developing
ESRD. These findings suggested that individuals that
are generally at low risk of ESRD (i.e., young, healthy
individuals) might acquire a relatively high risk of deve
loping ESRD after they develop IBD. Considering that CD
onset peaks at a young age and that IBD diseases have
a lifelong course, all patients with IBD, even younger
patients without any metabolic risk of ESRD, should be
monitored regularly for signs of renal insufficiency.
In previous studies, it is still controversial whether
[53-55]
IBD increases mortality
. However, after adjusting
for age, sex, place of residence, income, comorbidities
and medication use, we demonstrated that overall
mortality was 2.79-fold higher in the CD cohort and
1.98-fold higher in the UC cohort compared to the
control groups. This suggests that IBD itself may be
an independent risk factor for death. In our study, the
overall mortality incidence in patients with UC was
significantly lower than the control group, suggesting
that the low incidence of ESRD in patients with UC was
not due to premature death of patients with UC before
turning to ESRD or poor candidates of dialysis. However,
data on the cause of death could not be obtained from
our study, so further study should be conducted on the
cause-specific mortality of IBD.
This study had some limitations, primarily due to the
retrospective study design from the claims data. First,
because the severity of IBD and ESRD was not available
from the NHI database, we could not determine the
associations between severity of IBD, risk of developing
ESRD, and the severity of ESRD in this study population.
Second, 5-ASA was clearly associated with chronic
interstitial nephritis in case reports although a previous
review indicated that 5-ASA treatments did not increase
the risk of developing renal impairment in patients with
[56-59]
IBD
. In this study, however, patients that were
treated with 5-ASA within 1 year of the CD diagnosis
showed a lower risk of developing ESRD than those
treated without 5-ASA. The 5-ASA therapy might not
have a protective effect on the development of ESRD,
but serve as a confounder that represents relatively
mild-to-moderate activity of CD. Future prospective
studies are required to determine whether 5-ASA might
contribute to ESRD development in patients with IBD.
In conclusion, the risk of ESRD was elevated in CD,
but not in UC. Therefore, patients with CD should be
monitored carefully for signs of renal insufficiency.

Previous studies have reported the epidemiology of renal insufficiency, but not
ESRD because of the rare incidence in patients with IBD.

Research objectives

To estimate the incidence and risk of ESRD in patients with IBD.

Research methods

From January 2010 to December 2013, patients with Crohn’s disease (CD)
and ulcerative colitis (UC) were identified, based on both the International
Classification of Diseases, 10th revision (ICD-10) and the rare, intractable
disease registration program codes from the National Health Insurance
database in South Korea. We compared 38812 patients with IBD to age- and
sex-matched controls without IBD (ratio 1:3). Patients newly diagnosed with
ESRD were identified with the ICD-10 code. The Kaplan-Meier method was
used to estimate the cumulative probability of ESRD in patients with IBD.

Research results

Incidence of ESRD is significantly higher in patients with IBD compared to
age- and sex-matched controls without IBD. The incidence of ESRD in patients
with CD was approximately 5 times higher compared to non-IBD controls, but
not in those with UC. Patients with CD are at a statistically significant risk of
developing ESRD regardless of age, sex, comorbidities.

Research conclusions

The risk of ESRD was elevated in patients with CD, but not UC.

Research perspectives

Careful monitoring for signs of renal insufficiency is recommended for the
patients with IBD, especially CD. Based on our findings, further investigations
are needed to determine the best strategies for prevention of renal insufficiency
in patients with CD.
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Abstract

help to standardize the diagnosis of colorectal lesions and
inform therapeutic strategies.

AIM
To determine the usefulness of assigning narrow-band
imaging (NBI) scores for predicting tumor grade and
invasion depth in colorectal tumors.

Maeyama Y, Mitsuyama K, Noda T, Nagata S, Nagata T, Yoshioka
S, Yoshida H, Mukasa M, Sumie H, Kawano H, Akiba J, Araki Y,
Kakuma T, Tsuruta O, Torimura T. Prediction of colorectal tumor
grade and invasion depth through narrow-band imaging scoring.
World J Gastroenterol 2018; 24(42): 4809-4820 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i42/4809.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i42.4809

METHODS
A total of 161 colorectal lesions were analyzed from
138 patients who underwent endoscopic or surgical
resection after conventional colonoscopy and magnifying
endoscopy with NBI. The relationships between the
surface and vascular patterns of the lesions, as visualized
with NBI, and the tumor grade and depth of submucosa
(SM) invasion were determined histopathologically.
Scores were assigned to distinct features of the surface
microstructures of tubular and papillary-type lesions.
Using a multivariate analysis, a model was developed for
predicting the tumor grade and depth of invasion based
on NBI-finding scores.

INTRODUCTION
Colorectal cancer is one of the leading causes of cancerrelated morbidity and mortality worldwide. Early
diagnosis and patient stratification can greatly improve
[1,2]
disease outcomes . Colonoscopy remains a mainstay
in the screening and diagnosis of colorectal cancer and
plays an important role in determining the course of
[3]
treatment . The majority of colorectal cancers are
known to evolve from preexisting adenomas according
[4]
to the adenoma-carcinoma sequence . Therefore, when
performing a colonoscopy to diagnose colorectal lesions,
it is essential to determine whether a given lesion is a
non-neoplastic lesion, benign adenoma, or malignant
[5]
neoplasm . It is also important to evaluate the depth of
tumor invasion into the submucosa (SM), as this factor
has been shown to predict the risk of local recurrence
[6,7]
and nodal metastasis . Thus, colorectal cancers limited
to the mucosa are unlikely to metastasize, whereas those
invading the SM are more likely to metastasize to the
lymph nodes and adjacent organs. Additionally, cancers
with an SM invasion depth of 1000 µm rarely metastasize
and are amenable to endoscopic resection, whereas
those with an SM invasion depth ≥ 1000 µm are more
[8-11]
likely to metastasize and require surgery
.
Recent advances in endoscopic techniques, including
the development of chromoendoscopy and magnifying
endoscopy with narrow-band imaging (NBI), have
attempted to overcome the limitations of conventional
colonoscopy and thus yield improvements in the detec
tion, diagnosis, and resection of colorectal lesions. Kudo
[12,13]
et al
employed chromoendoscopy to visualize pit
patterns on the surfaces of colorectal mucosal lesions and
established a classification of this feature as a reliable
diagnostic criterion with which to distinguish between
non-neoplastic lesions, benign adenomas, and malignant
[12-14]
[15]
neoplasms and assign tumor grades
. Tobaru et al
[16]
and Kanao et al used magnifying chromoendoscopy to
classify lesions with a V1 pit pattern into distinct subtypes
with respect to the depth of tumor invasion into the
SM layer, thus consolidating the value of classifying pit
patterns as a surrogate measure of tumor invasiveness.
The application of an NBI filter set (415 ± 30 nm)
during endoscopic imaging was shown to markedly en
hance the contrast of vascular patterns in the superficial

RESULTS
NBI findings that correlated with a high tumor grade
were associated with the “regular/irregular” (P < 0.0001)
surface patterns and the “avascular area” pattern (P =
0.0600). The vascular patterns of “disrupted vessels”
(P = 0.0714) and “thick vessels” (P = 0.0133) but none
of the surface patterns were associated with a depth
of invasion of ≥ 1000 µm. In our model, a total NBIfinding score ≥ 1 was indicative of a high tumor grade
(sensitivity: 0.97; specificity: 0.24), and a total NBIfinding score ≥ 9 (sensitivity: 0.56; specificity: 1.0) was
predictive of a SM invasion depth ≥ 1000 µm. Scores
less than these cutoff values signified adenomas and a
SM invasion depth < 1000 µm, respectively. Associations
were also noted between selected NBI findings and
tumor tissue architecture and histopathology.
CONCLUSION
Our multivariate statistical model for predicting tumor
grades and invasion depths from NBI-finding scores
may help standardize the diagnosis of colorectal lesions
and inform therapeutic strategies.
Key words: Colorectal cancer; Magnifying narrow-band
imaging; Score; Surface pattern; Vascular pattern
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: While magnifying endoscopy with narrowband imaging (NBI) has been integrated into diagnostic
histopathology, universal standardized criteria for diffe
rentiating non-neoplastic lesions, benign adenomas, and
malignant neoplasms using NBI are urgently needed. We
propose a multivariate statistical model for predicting the
tumor grade and invasion depth from NBI finding scores.
A total NBI-finding score ≥ 1 is indicative of a high tumor
grade (sensitivity: 0.97; specificity: 0.24), while a score
≥ 9 (sensitivity: 0.56; specificity: 1.0) is predictive of a
submucosa invasion depth ≥ 1000 µm. Our model may
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layer of tissues, compared with images obtained under
[17]
broadband illumination . Since this seminal observation,
magnifying endoscopy with NBI has been widely integ
rated into diagnostic histopathology. NBI has several
advantages over chromoendoscopy. For example, it
allows the acquisition of endoscopic images with a uniform
mucosal pattern across images without dye-spraying.
Furthermore, it enables enhanced visualization of vascular
features on the mucosal surfaces of lesions that would be
difficult to observe by chromoendoscopy, thus augmenting
[18-21]
the diagnostic accuracy
. To date, many reports have
highlighted the clinical usefulness, improved diagnostic
accuracy, and increased sensitivity of NBI magnification for
observing the surface microstructure (i.e., surface pattern)
together with the surface microvessels (i.e., vascular
pattern) of colorectal lesions, thus enabling the diagnoses
[22-25]
of histologic grade and invasion depth
. Indeed, NBI
magnification was shown to be effective for determining
the surface and vascular patterns of small and diminutive
colonic polyps (< 10 mm), thus underscoring the potential
of this technique for the accurate diagnosis of the invasion
[20,26]
depths of early lesions
. This is particularly important,
given that early detection is key to successful treatment.
Many of the above reports merely described and
categorized various endoscopic observations. Several
experts in the field have therefore highlighted the need
to universally standardize NBI observation criteria and
implement a simple system with which to classify NBI
[27-29]
findings for the diagnosis of colorectal lesions
.
However, the multitude of emergent diagnostic classifi
cation systems renders it difficult for physicians with
insufficient experience to use such reports to inform
precise endoscopic diagnosis in a clinical setting and may
lead to subjective variability and a lack of standardization
in histopathology reporting.
The present study was undertaken to develop a
statistical model for predicting the tumor grade and
invasion depth using magnifying endoscopy-NBI in patients
harboring suspicious colorectal lesions. We devised a
novel scoring system to evaluate the surface and vascular
patterns in NBI images and assessed the sensitivity
and specificity of our model for distinguishing malignant
from non-malignant colorectal lesions. Furthermore, we
investigated for the first time the association of the NBI
findings of a range of colorectal tumors with tumor tissue
architecture and histopathology.

Patients with colorectal lesions who underwent magnifying
endoscopic NBI (n = 4762)

Patients underwent endoscopic or surgical treatment (n = 1422)

Lesions for who diagnosis matched preoperative NBI and
postoperative histological findings (n = 138; 161 lesions)

Adenomas (n = 113)

Advanced cancer (3 lesions)
Cancer with depth of SM invasion < 1000 μm (7 lesions)
Cancer with depth of SM invasion ≥ 1000 μm (28 lesions)
Intramural cancer (42 lesions)

Figure 1 Study design. Schematic of the retrospective study of resected
specimens used develop and validate a novel statistical model based on
narrow-band imaging findings for the diagnosis of colorectal lesions. All patients
were of Japanese ethnicity and comprised 85 men and 53 women with a mean
age of 65.7 ± 10.1 years. NBI: Narrow-band imaging; SM: Submucosa.

patients, 113 underwent endoscopic lesion resection and
the remaining 25 underwent surgical resection (Figure 1).
The patient population comprised 85 male and 53 female
patients with a mean [± standard deviation (SD)] age
of 65.7 ± 10.1 years. The study protocol was approved
by the Ethics Committee of Kurume University Hospital,
and an informed consent waiver was granted for the
retrospective analysis of endoscopic findings. All samples
were anonymized and de-identified prior to analysis to
preserve patient confidentiality. All patients had provided
informed written consent prior to treatment.

Endoscopic procedure

For bowel preparation prior to the colonoscopy, patients
were instructed to ingest 2 L of a polyethylene glycolelectrolyte solution on the morning of the procedure.
Unless contraindicated, scopolamine butylbromide (10
mg) was administered via intravenous injection prior
to the procedure to minimize bowel spasms during
the colonoscopy. Both models of high-resolution video
endoscopes (CF-FH260AZI and CF-H260AZI; Olympus
Medical Systems Corporation, Tokyo, Japan) used in
this study exhibit the capacity to magnify images 75
times. The acquired endoscopic images were evaluated
retrospectively and independently by two experienced
physicians (Maeyama Y and Tsuruta O) who specialize
in endoscopy.

MATERIALS AND METHODS
Patients

Between February 2007 and March 2013, 4762
patients diagnosed with colorectal lesions underwent
magnifying endoscopy-NBI at Kurume University Hospital
(Japan). Of these, 1422 patients were endoscopically
or surgically treated. We retrospectively analyzed the
postoperative histopathological data and included 161
lesions from 138 patients for whom the preoperative
magnifying endoscopy-NBI findings corresponded with
the postoperative histopathological findings. Of the 138

WJG|www.wjgnet.com

Cancers (n = 80)

Analysis of endoscopic findings

Based on the NBI findings, colorectal lesions were
broadly divided into tubular or papillary types according
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Tubular type

Papillary type

Clear

Clarity

Unclear

Visible

Regular

Regularity

Irregular

Invisible

Figure 2 Classification of surface patterns of colorectal tumors as revealed by narrow-band imaging. Colorectal lesions were broadly classified into tubular
or papillary types, based on narrow-band imaging observations of histopathologic appearances and proliferation patterns; this was followed by an evaluation of the
microstructure of the superficial layer of each lesion. Regarding the surface pattern, lesions with a clearly visualized surface microstructure were defined as the “clear
type,” whereas lesions with a visualized but not readily discerned surface microstructure were defined as the “unclear type.” Lesions with a surface microstructure
characterized by uniformly-sized pits in a regularly arranged pattern were defined as the “regular type,” whereas those with an irregular pit size and arrangement were
defined as the “irregular type.” Representative images are shown. Magnification: 125 ×.

to their histopathologic appearance and proliferation
pattern. The surface and vascular patterns of the lesions
were subsequently analyzed as detailed below.

size and arrangement were defined as the “irregular”
type. Representative images of the different types of
lesions, classified according to their surface pattern as
described above, are shown in Figure 2.

Surface pattern analysis

Vascular pattern analysis

The surface microstructures of the colorectal lesions were
classified as “visible” and “invisible” according to the
degree of elevation or flatness of the pit structures on the
lesion surface, as well as the relative ease of discerning
surface pit patterns. The “visible” types were further
subdivided into “clear” and “unclear” subtypes according
to clarity, and into “regular” and “irregular” types
according to the regularity of glandular structures on the
lesion surface. Lesions with a surface microstructure that
could be visualized clearly were designated as “clear-type”
lesions, whereas those with a visible but poorly-defined
surface microstructure were designated as “uncleartype” lesions. Furthermore, lesions in which the surface
microstructure exhibited a regular size and arrangement
were defined as the “regular” type, whereas those in
which the surface microstructure exhibited an irregular

WJG|www.wjgnet.com

The vessel microstructures on the surfaces of colorectal
lesions were classified as “visible” and “invisible,”
and the “visible” type was further subdivided into
“disturbed arrangement,” “disrupted vessels,” “varying
caliber,” “size irregularity,” “thick vessels,” “avascular
area”, and “vessel meandering” (Figure 3). “Disturbed
arrangement” was defined as a disturbance in the form,
size, and arrangement of the microvessels. “Disrupted
vessels” was defined as evident disruption of the
microvessels, “varying caliber” was defined as variance
in the caliber of the same vessel, “size irregularity” was
defined as variance in caliber among different vessels,
“thick vessels” was defined as markedly green-colored
vessels, “avascular area” was defined as an area with
no visible vessels, and “vessel meandering” was defined
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Tubular type

Papillary type

Lack of uniformity

Disrupted vessels

Caliber change

Visible

Varying caliber

Thick vessels

Avascular area

Vessel meandering

Invisible

Figure 3 Vascular patterns of colorectal tumors as revealed by narrow-band imaging endoscopy. Colorectal lesions were broadly classified into tubular or
papillary types based on narrow-band imaging observations of the histopathologic appearances and proliferation patterns, followed by an evaluation of the microvessel
architecture. “Disturbed arrangement” was defined as a disturbance in the form, size, and arrangement of microvessels; “disrupted vessels” was defined as an evident
disruption of the microvessels; “varied caliber” was defined as a variance of caliber in the same vessel; “size irregularity” was defined as variance in caliber among
different vessels; “thick vessels” was defined as an area harboring cyan-colored vessels relative to vessels in adjacent areas; “avascular area” was defined as an area
with no visible vessels; and “vessel meandering” was defined as evident meandering of the blood vessels along a twisting and winding path. Representative images
are shown. The locations of vessels representative of each vascular pattern and classification are denoted by arrowheads. Magnification: 125 ×.

histopathological specimens were evaluated by an
experienced gastrointestinal pathologist who was blinded
to the endoscopic diagnosis.

as evident meandering of the blood vessels, whereby
tortuous vessels exhibited a twisting and winding path.

Histopathological analysis

Evaluation of the depth of invasion of tumors: The
vertical depth of invasion of each lesion into the SM was
[9]
measured as described by Kitajima et al . The lesions

Endoscopically or surgically resected specimens
were immediately fixed in 40 g/L formaldehyde and
subsequently stained with hematoxylin and eosin. All
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Diagnosis of the tumor grade and invasion depth based
on NBI findings

were divided into two groups: lesions with a depth
of invasion < 1000 µm (SM cancer with < 1000 µm
invasion) and those with a depth of invasion ≥ 1000 µm
(SM cancer with ≥ 1000 µm invasion).

First, a multivariate analysis was conducted to
determine the association of NBI findings with the
tumor grade and depth of invasion into the SM (Table
1). NBI findings that correlated with a diagnosis of a
high tumor grade were associated with an “irregular”
surface pattern, irrespective of whether the lesion was
tubular (P < 0.0001) or papillary (P < 0.0001), as well
as an “avascular area” vascular pattern (P = 0.0600).
Regarding predictions of the depth of invasion, the
vascular patterns of “disrupted vessels” (P = 0.0714)
and “thick vessels” (P = 0.0133) were associated with
a depth of invasion of ≥ 1000 µm, whereas no surface
patterns were associated with this parameter.
The scores for each of the above-mentioned
NBI findings were assigned based on the estimated
statistical values and were followed by the development
of a model for independently predicting the tumor grade
and depth of invasion (Table 2). In this model, a total
tumor grade score of ≥ 1 had a sensitivity of 0.97 and
specificity of 0.24 for a diagnosis of cancer (Figure 4A).
Similarly, a total depth of tumor invasion score of ≥ 9
had a sensitivity of 0.56 and specificity of 1.0 for tumors
with an SM invasion depth ≥ 1000 µm (Figure 4B). NBI
findings with scores less than these cut-off values were
considered adenomas and to have a SM invasion depth
< 1000 µm, respectively.

Evaluation of the histological architecture of the
[15]
tumor: Based on a report by Tobaru et al , the tumor
tissue architecture was evaluated with respect to the
degeneration/prolapse of the epithelial lining, variation
in vessel caliber and/or disturbed arrangement of the
glandular ducts, histological differentiation grade of the
tumor, degree of superficial desmoplastic reaction, degree
of loss of the muscularis mucosae (residual muscularis),
and presence/absence of granuloma formation.

Development of a model for predicting tumor grade and
invasion depth

The associations of the surface and vascular patterns of
colorectal lesions, as revealed by NBI, with the tumor
grade and depth of invasion were determined through
a multivariate analysis based on a logistic regression
model. This analysis was followed by a stepwise
selection of variables related to the NBI-findings and
the determination of scores based on the estimated
statistical values.

Statistical analysis

A multivariate analysis (logistic regression) included
selected variables from among the explained variables
(from endoscopic findings) that were found to correlate
with the objective variables (pathological diagnosis,
invasion depth) during the univariate analysis. The
adjusted value (z score or t score) was obtained by
dividing the partial regression coefficient by the standard
error of the mean to yield the maximum possible
difference, after which the sums of the extracted
endoscopic scores were considered. Receiver operating
characteristic (ROC) curve modeling was used to
determine approximate cut-off values. All statistical
analyses were performed using SAS version 9.3 (SAS
Institute Inc., Cary, NC, United States) and R version
[30]
3.1.2 . The statistical analyses in this study were
performed and reviewed by Yuko Araki and Tatsuyuki
Kakuma from the Biostatistics Center of the Kurume
University School of Medicine (Kurume, Japan).

Relationship of NBI findings with tumor tissue
architecture

Table 3 shows the relationship of the NBI findings used
to predict the tumor grade and invasion depth with
the tumor tissue architecture. Of the surface pattern
categories, the “regular/irregular” pattern was associated
with degeneration/prolapse of the lining epithelium,
regularity of glandular duct arrangement, and degree of
loss of the muscularis mucosae in both the tubular and
papillary types (P < 0.05) and with the presence/absence
of granuloma formation only in papillary-type lesions.
Of the vascular pattern categories, the presence/
absence and extent of the “avascular area” was found
to associate with the degree of degeneration/prolapse
of the lining epithelium, regularity of glandular duct
arrangement, degree of superficial differentiation,
presence/absence of a superficial desmoplastic reaction,
degree of loss of the muscularis mucosae, and presence/
absence of granuloma formation only in tubular-type
lesions. The presence or absence of “disrupted vessels”
was found to associate with the degree of degeneration
or prolapse of the lining epithelium, regularity of
glandular duct arrangement, degree of superficial
desmoplastic reaction, degree of loss of the muscularis
mucosae, and presence/absence of granuloma formation
in both tubular- and papillary-type lesions. The “thick
vessels” pattern was found to associate with the degree
of degeneration or prolapse of lining epithelium in both

RESULTS
Lesions and tumor types

The 161 specimens excised from 138 patients in whom
diagnosed colorectal lesions correlated directly with
pre-operative NBI findings included 81 adenomas and
80 cancers (intramural cancer, 42 lesions; cancer with
a depth of SM invasion < 1000 µm, 7 lesions; cancer
with a depth of SM invasion ≥ 1000 µm, 28 lesions;
advanced cancer infiltrated beyond the muscular layer,
3 lesions; Figure 1).
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Table 1 Relationship of narrow-band imaging findings with tumor grade and invasion depth
Dependent variable
Tumor grade

Invasion depth

Independent variable

Probability of cancer
AUC = 0.89
Probability of SM deep
invasive cancer2
AUC = 0.70

1

Univariate analysis

Multivariate analysis

Odds ratio (95%CI)

P value

Odds ratio (95%CI)

P value

Irregular (tubular type)
Irregular (papillary type)
Avascular area
Disrupted vessels

0.034 [0.013, 0.088]
0.034 [0.013, 0.088]
0.048 [0.006, 0.376]
0.169 [0.058, 0.488]

< 0.0001
< 0.0001
< 0.0001
0.0004

46.81 [14.55, 184.48]
47.21 [7.51, 512.05]
16.3 [1.69, 396.35]
3.63 [0.98, 17.69]

< 0.0001
< 0.0001
0.06
0.0714

Thick vessels

0.509 [0.127, 2.037]

0.3325

22.86 [2.55, 537.18]

0.0133

1

Colorectal lesions were classified into tubular and papillary types based on narrow-band imaging observations of the histopathologic appearances and
proliferation patterns; 2Submucosa (SM) deep invasive cancer: SM invasion depth ≥ 1000 µm. SM: Submucosa; AUC: Area under the curve.

Table 2 Narrow-band imaging scoring system for predicting tumor grade and invasion depth

Tumor grade1

Value

Surface pattern = regular/irregular

Irregular (tubular type)
Regular (tubular type)
Irregular (papillary type)
Regular (papillary type)
Present
Absent
Present
Absent
Present
Absent

Vascular pattern = avascular area
Invasion depth2

3

Variable

Vascular pattern = disrupted vessels
Vascular pattern = thick vessels

Score

4

5
1
3
0
1
0
3
1
6
1

1

Tumor grade: Total score ≥ 1, suggestive of cancer; total score < 1, suggestive of adenoma [sensitivity, 0.97; specificity, 0.24; area under the curve (AUC)
= 0.89]; 2Invasion depth: Total score ≥ 9, suggestive of submucosa (SM) invasion depth ≥ 1000 µm; total score < 9, suggestive of SM invasion depth < 1000
µm (sensitivity, 0.56; specificity, 1.0; AUC = 0.80); 3Colorectal lesions were classified into tubular and papillary types based on narrow-band imaging
observations of the histopathologic appearances and proliferation patterns; 4Scores were calculated based on the parameter estimates and standard errors in
the multivariate logistic regression model. The adjusted value (z score or t score) was obtained by dividing the partial regression coefficient by the standard
error of the mean to yield the maximum possible difference; the sum was subsequently considered. Receiver operating characteristic curve modeling was
used to determine a cut-off with approximate values.

tubular- and papillary-type lesions and with the regularity
of glandular duct arrangement, presence/absence of
superficial desmoplastic reaction, and degree of loss of
the muscularis mucosae only in tubular-type lesions.

intent to correlate the tumor grade and invasion depth
with the surface and vascular microarchitectures of
polyps imaged using NBI. Based on the estimated
statistical values and a multivariate analysis (logistic
regression), we developed a model for predicting the
tumor grade and depth of invasion from NBI findings
and demonstrated the sensitivity and specificity of
this model for differentiating non-neoplastic colorectal
lesions, benign adenomas, and malignant neoplasms.
The NBI findings of an “irregular” surface pattern
and “avascular area” vascular pattern were identified
as important predictors of the tumor grade. A recent
report described the problems and limitations of
predicting the tumor grade based solely on the vascular
[26]
pattern as revealed through NBI observations .
Indeed, we determined the NBI surface pattern to be
superior to the vascular pattern intensity, a measure of
microvascular density, for differentiating hyperplastic
from other non-neoplastic polyps. We expect that the
accuracy of tumor grading based on NBI findings will
improve if evaluations are based on both the vascular
and surface patterns.
The NBI findings of the “disrupted vessels” and “thick
vessels” vascular patterns were found to be useful for
diagnosing the depth of tumor invasion, consistent with
[31]
previous studies . However, the surface pattern was

Relationships of tumor grade and invasion depth with
tumor tissue architecture

Table 4 presents the relationships of the tumor grade
and depth of invasion with the tissue architecture. The
histological findings of degeneration or prolapse of the
lining epithelium (P < 0.001) and irregular glandular
duct size/arrangement (P < 0.0001) were significantly
associated with a higher tumor grade.
Furthermore, the histological findings of degeneration
or prolapse of the lining epithelium (P = 0.001),
moderate or poor superficial differentiation (P = 0.027),
superficial desmoplastic reaction (P < 0.0001), loss of
the muscularis mucosae (P < 0.0001), and granuloma
formation (P = 0.002) were significantly associated with
a deeper invasion (≥ 1000 µm), relative to a lesser depth
of invasion (< 1000 µm).

DISCUSSION
In this study, we were the first to assign scores to the
NBI findings of a series of colorectal lesions with the
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Table 3 Relationship of narrow-band imaging findings to colorectal tumor tissue architecture
Variable

Surface pattern

Vascular
pattern

Visible/
Invisible
Clarity
Regular/
Irregular
Disturbed
arrangement
Disrupted
vessels
Varying caliber
Size
irregularity
Thick vessels
Avascular area
Vessel
meandering

1

Classification

Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary
Tubular
Papillary

Tissue architecture
Lining
epithelium
degeneration/
prolapse

Glandular duct
arrangement

Superficial
differentiation

Superficial
desmoplastic
reaction

Muscularis
mucosae

Granuloma
formation

a
b
a
a
a
a
a
a
a
a
a
c
a
a
a
a
a
c
c
a

a
c
a
a
a
a
a
a
a
a
a
c
a
a
a
c
a
c
c
b

a
c
c
c
b
c
a
b
c
c
c
c
a
b
b
c
a
c
c
c

a
a
c
n.a.
c
n.a.
a
c
a
a
a
a
a
c
a
c
a
b
c
c

a
a
a
a
a
a
a
a
a
a
a
b
a
a
a
c
a
c
c
a

a
a
a
a
b
a
a
a
a
a
b
b
a
a
c
b
a
c
c
a

1

Colorectal lesions were classified into tubular and papillary types based on narrow-band imaging observations of the histopathologic appearances and
proliferation patterns. aP < 0.05; 0.05 < bP < 0.1; cP > 0.1. n.a.: Not available.

Table 4 Relationships of tumor grade and invasion depth with tissue architecture n (%)
Tumor grade
Variable

Lining epithelium
degeneration/prolapse
Irregularity in glandular
duct size/arrangement
Superficial differentiation

Absent
Present
Absent
Present
Well-diff.
Moderately diff.
Poorly diff.
Superficial desmoplastic
Absent
Present
reaction
Loss of muscularis mucosae
Absent
Present
Granuloma formation
Absent
Present

Invasion depth
1

Adenoma
(n = 81)

Cancer
(n = 49)

69 (85.2)
12 (14.8)
54 (66.7)
27 (33.3)

20 (40.8)
29 (59.2)
10 (20.4)
39 (79.6)
42 (85.7)
7 (14.3)
0 (0.0)
47 (95.9)
2 (4.1)
3 (6.1)
46 (93.9)
44 (89.8)
5 (10.2)

81 (100)
0 (0.0)
0 (0.0)
81 (100)
80 (98.8)
1 (1.2)

P value

< 0.0001
< 0.0001

0.273
0.099
0.054

SM invasion
depth ≥ 1000
μm (n = 49)

SM invasion
depth < 1000
μm (n = 31)

20 (40.8)
29 (59.2)
10 (20.4)
39 (79.6)
42 (85.7)
7 (14.3)
0 (0.0)
47 (95.9)
2 (4.1)
3 (6.1)
46 (93.9)
44 (89.8)
5 (10.2)

1 (3.2)
30 (96.8)
1 (3.2)
25 (80.6)
20 (64.5)
10 (32.3)
1 (3.2)
17 (54.8)
14 (45.2)
29 (93.5)
2 (6.5)
19 (61.3)
2 (38.7)

P value

0.001
0.113

0.027
< 0.0001
< 0.0001
0.002

1

Intramucosal cancer (confined to the mucosa); diff.: Differentiated; SM: Submucosa.

not shown to be useful for predicting the depth of tumor
invasion into the SM in the present study. This finding is
likely attributable to the following factors: (1) in elevated
lesions, tumors may exhibit deep invasion of the SM
layer while maintaining a surface pattern characteristic
of an intramucosal lesion; and (2) in superficial lesions
(particularly depressed lesions), classification of the
surface pattern into a regular or irregular type is more
difficult than in elevated lesions. Our findings also
[32]
agree with those of previous studies. Misawa et al
analyzed the depth of the surface pattern relative to
the macroscopic type and reported that the rate of
accurate diagnosis was lower for depressed lesions.

WJG|www.wjgnet.com

The vascular pattern exhibits a high level of contrast,
enabling relatively uniform images to be obtained in any
setting. In contrast, the surface pattern can undergo
changes depending on the angle or magnification scale
of observation. Further study is warranted to determine
the parameters that would facilitate a precise evaluation
of surface patterns.
The clinical usefulness, diagnostic accuracy, sensitivity,
and superiority of NBI relative to chromoendoscopy
[18-21]
have been well-established
. However, many of the
existing reports have merely observed many types of
different endoscopic findings and classified these into
categories according to their surface and/or vascular
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A
Tumor grade
ROC curve

y1 = "Cancer" (positive)
AUC 0.89507
ROC table

1.00
0.90

X

0.80

Probabilty-specificity Sensitivity

0.70
6.000000
5.000000
3.000000
2.000000
1.000000
0.000000
0.000000

0.60
0.50
0.40
0.30
0.20

0.9501
0.8801
0.5218
0.2961
0.1395
0.0588
0.0588

0.0000
0.0000
0.0921
0.1316
0.1316
0.7632
1.0000
1.0000

0.0000
0.2000
0.7000
0.8833
0.9000
0.9667
1.0000
1.0000

SensitivityTrue
True
False
False
(1-specificity) positive negative positive negative
0.0000
0
76
0
60
0.2000
12
76
0
48
0.6079
42
69
7
18
0.7518
53
66
10
7
0.7684*
54
66
10
6
0.2035
58
18
58
2
0.0000
60
0
76
0
0.0000
60
0
76
0

0.10
0.00
0.00

0.20

0.40

0.60

0.80

1.00

1-specificity
False positive

B
Invasion depth
ROC curve

y22 = "SM invasion depth ≥ 1000 μm" (positive)
AUC 0.80461
ROC table

1.00
0.90

X

True positive sensitivity

0.80

Probabilty-specificity Sensitivity

0.70
0.60

9.000000
7.000000
4.000000
2.000000
2.000000

0.50
0.40
0.30

0.9520
0.7823
0.2168
0.0477
0.0477

0.0000
0.0000
0.0169
0.2712
1.0000
1.0000

0.0000
0.0556
0.2222
0.8333
1.0000
1.0000

SensitivityTrue
True
False
False
(1-specificity) positive negative positive negative
0.0000
0
118
0
18
0.0556
1
118
0
17
0.2053
4
116
2
14
0.5621*
15
86
32
3
0.0000
18
0
118
0
0.0000
18
0
118
0

0.20
0.10
0.00
0.00

0.20

0.40

0.60

0.80

1.00

1-specificity
False positive

Figure 4 Development of a model for predicting the tumor grade and depth of submucosal invasion in colorectal tumors based on narrow-band imaging
findings. The associations of surface and vascular patterns [as visualized by narrow-band imaging (NBI)] with the tumor grade (A) and depth of submucosa (SM)
invasion (B) were analyzed in a multivariate analysis based on a logistic regression model, followed by the stepwise selection of variables from the NBI findings. A
scoring system was established based on the statistical values thus estimated, and a model was developed for predicting the tumor grades and SM invasion depths of
colorectal tumors. ROC: Receiver operating characteristic; AUC: Area under the curve.
[22-25]

patterns
. In routine clinical practice, a precise
endoscopic diagnosis cannot be based easily or reliably
on such reports because the diagnostic accuracy may
be compromised by subjective interpretations and interobserver variability. Indeed, multiple expert groups
have advocated for a simple classification system and
[27-29]
universal standardized diagnostic criteria
. NBI-based
classification systems have also been proposed. The JNET
classification comprises four vessel and surface pattern
categories. Specifically, Types 1, 2A, 2B, and 3 correlate
with the histopathological findings of hyperplastic polyp/
sessile serrated polyp, low-grade intramucosal neoplasia,
high-grade intramucosal neoplasia/shallow SM invasive
[29]
cancer, and deep SM invasive cancer, respectively . The
NICE classification is based on lesion color, microvascular

WJG|www.wjgnet.com

architecture, and surface pattern and comprises three
types. Types 1, 2, and 3 are indices for hyperplastic
lesions, adenoma or mucosal carcinoma, and deep
[33]
SM invasive carcinoma, respectively . In the present
study, we used statistical methods to independently
score the surface and vascular patterns visualized by
NBI. Subsequently, we developed a statistical model
to predict the tumor grade and depth of invasion from
these parameters. The sensitivity and specificity of our
model for a precise diagnosis were demonstrated in
patients with a range of colorectal lesions. Importantly,
the sensitivity and specificity of our prediction model
can be adjusted by changing the cut-off values for the
total score, which enables tailoring to the objectives of
the NBI examination in clinical practice. Thus, by using a
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ROC curve analysis, endoscopists can ascertain whether
changing the cut-off values would improve diagnostic
accuracy.
Based on the results obtained to date, we propose
an efficient and highly precise endoscopic prediction
model for diagnosing malignant colorectal tumors
and differentiating these lesions from pre-malignant
adenomas. This diagnostic tool will enable clinicians to
determine the most appropriate therapeutic strategy
and individualize treatment. We propose the following
diagnostic strategy, which should be evaluated in future
prospective studies. First, clinicians should screen
patients suspected of harboring colorectal cancer/lesions
using magnifying endoscopy with NBI, and then use our
highly sensitive model to analyze the NBI findings and
the predict tumor grade. A lesion diagnosed as adenoma
would be subjected to endoscopic treatment, whereas
a lesion diagnosed as cancer should be subjected to
a surgical operation. Following resection, the residual
lesions should be examined by chromoendoscopy for
a pit pattern diagnosis to determine the real extent of
[34]
cancer invasion . Here, endoscopists should use our
model to predict the depth of tumor invasion to enhance
the specificity of diagnosis and minimize unnecessary
surgery.
Additionally, this study evaluated NBI findings in
relation to the tumor tissue architecture in colorectal
cancers. To the best of our knowledge, no previous
study has conducted a direct comparison of this type.
Our results suggest that an “irregular” surface pattern,
which is associated with a higher tumor grade, may
reflect irregularity in the size and arrangement of the
glandular ducts.
Our finding that the “avascular area” vascular pattern
correlated with a high tumor grade may seem coun
terintuitive, given that tumor progression is typically
accompanied by an increase in the blood vessel density
[26]
and thickness . However, as we observed an association
of the “avascular area” vascular pattern with the
incidence of a desmoplastic reaction, we speculate that
this pattern may reflect an amorphous region arising
from the resorption of glandular ducts and blood vessels
consequent to a desmoplastic reaction at the tumor
invasive edge. “Disrupted vessels,” an NBI finding that
predicts the depth of tumor invasion, would seem to
indirectly reflect degeneration or prolapse of the lining
epithelium induced by deep SM invasion of the tumor,
with a concomitant loss of the muscularis mucosae. These
phenomena may increase the fragility of this type of
tumor, leading to the risks of rupture and spillage during
surgical resection. Furthermore, “thick vessels” may
reflect vascular congestion in the SM layer, which arises
as a result of massive tumor invasion and, presumably,
neoangiogenesis.
Although our model is both novel and promising,
this retrospective study is limited by its nature as a
single-center analysis of exclusively Japanese patients.
Therefore, the results cannot be generalized directly to
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other institutes or ethnic groups. Subsequent studies
should evaluate this new technology and scoring model in
diverse populations and ethnic groups, determine interand intra-observer variability, and conduct prospective
studies in patients who have not yet been diagnosed.
Additionally, the model should also be validated in other
cohorts of patients with colorectal polyps.
In conclusion, the NBI finding-based scoring system
proposed in this study demonstrated good specificity
and sensitivity for predicting the tumor grade and depth
of invasion and, thereby, for determining appropriate
therapeutic strategies in patients with colorectal tumors.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Colonoscopy is currently the most useful examination method for finding,
diagnosing, and treating colorectal lesions. When a lesion is found by
colonoscopy, the surgeon must first determine whether it is nontumorous or
tumorous. If it is tumorous, it must be assessed as adenoma or cancer. If it
is cancer, it is essential to diagnose its depth. Intramucosal carcinomas are
unlikely to metastasize, while carcinomas that invade into the submucosa
(SM) are more likely to metastasize to the lymph nodes. Carcinomas with a
depth of SM invasion < 1000 µm almost never metastasize, while those with a
depth of SM invasion ≥ 1000 µm are more likely to metastasize. Accordingly,
distinguishing which lesions have a depth of SM invasion < 1000 µm (indicated
for endoscopic therapy) is important when selecting a treatment.
Narrow-band imaging (NBI) was recently developed as a novel
form of image-enhanced endoscopy that has several advantages over
chromoendoscopy. Not only is pigment not used, NBI allows for the acquisition
of endoscopic images with a uniform mucosal pattern across images. Further,
vascular findings in the mucosal surface, which are difficult to observe with
chromoendoscopy, can be enhanced and observed in more detail with NBI.
Several studies have reported that using NBI to observe the fine architecture of
a lesion’s surface (surface pattern) and microvessels (vascular pattern) is useful
for diagnosing the grade and depth of colorectal tumors. However, all of these
studies placed endoscopic findings into categories expressed as numbers
or letters. These can be difficult to use in actual clinical practice, particularly
for inexperienced endoscopists. If the important findings observed using NBI
can be appropriately selected and quantified, it would enable more precise
predictions of colorectal tumor grade and depth, which would be extremely
useful in deciding treatment strategies, including for endoscopic resection.

Research motivation

Several NBI-based classification systems have been proposed earlier. However,
these systems are difficult to rely upon due to subjectivity and inter-observer
variability. There is therefore a need to identify a more objective classification
that can be easily interpreted by endoscopists during routine clinical practice.

Research objectives

We therefore wanted to determine a model for predicating tumor grade using
NBI scores. We developed a multivariate statistical model for predicting tumor
grades and invasion depths from NBI-finding scores. We determined the utility
of this model in patients with a range of colorectal lesions and propose an
efficient prediction model for diagnosing colorectal lesions and differentiating
malignant lesions from pre-malignant adenomas. Such a model would then help
clinicians determine the most appropriate therapeutic strategies.

Research methods

This was a retrospective examination of the correlations between NBI findings
and histopathological findings at the site of colorectal tumorous lesions that
were endoscopically or surgically resected after regular observation with
colonoscopy and observation with NBI magnifying endoscopy. NBI findings
and the tumor grade and depth of invasion at the site examined with NBI were
analyzed using multivariate analysis based on a logistic regression model.
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The results were used to create a model for predicting tumor grade and depth.
In addition, we performed the first-ever examination of correlations between
colorectal tumor NBI findings and histopathological architecture.

7

Research results

This study demonstrated the usefulness of using statistical methods to score
NBI findings to determine tumor grade. Using findings of both the surface
pattern and vascular pattern, we created a model for predicting the grade and
depth of colorectal tumors. Another novel finding of this study came from the
comparison of colorectal tumor NBI findings and tissue architecture. Because
clear contrast of vascular patterns can be obtained using NBI, it is possible
to obtain relatively uniform images under any conditions. However, when
observing surface patterns, the findings that are evaluated changed depending
on the angle and rate of magnification. Therefore, further research is required
to overcome these issues. This study was limited by only including Japanese
subjects and because it was a single-center, retrospective study. Going forward,
a prospective study that includes other institutions should be conducted.

8
9

10

Research conclusions

The NBI finding scoring system proposed in this study could be a useful
marker for predicting tumor grade and depth of invasion in colorectal tumors,
which could also be applied in deciding treatment plans. The sensitivity and
specificity of this predictive model can be adjusted by changing the total
score to suit the goal of the NBI examination. Previous results have indicated
that to efficiently and precisely carry out endoscopic diagnostics and decide
treatment plans for colorectal tumors, NBI should be performed first, then the
sensitivity of the tumor grade predictive model should be increased to pick up
as many carcinomas as possible. Next, the specificity of the depth predictive
model should be increased to reduce over-surgery. Finally, chromoendoscopy
should be used to observe the remaining lesions to diagnose their pit patterns.
The results of this study indicate that “irregularity,” an NBI finding useful for
diagnosing colorectal tumor grade, may reflect the presence of size disparities
and irregular pathways in glandular ducts. An “avascular area” could reflect
an amorphous region arising from reduced glandular duct density caused
by exposure to a desmoplastic reaction. Further, “disrupted vessels,” an NBI
finding useful in diagnosing the depth of tumor invasion, may indirectly reflect
degeneration or prolapse of the lining epithelium caused by deep invasion of
the tumor and consequent loss of the muscularis mucosae, which leads to
fragility of the tumor surface. “Thick vessels” may reflect vascular congestion in
the SM layer caused by massive tumor invasion.

11

12
13
14

15

Research perspectives

It would be helpful to conduct a prospective study that includes more cases
using the predictive model proposed in this study.

16
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AIM
To systematically review the literature on epidemiology,
disease burden, and treatment outcomes for Crohn’s
disease (CD) patients with complex perianal fistulas.
METHODS
PubMed, Embase, and Cochrane were searched for
relevant articles (published 2000-November 2016) and
congress abstracts (published 2011-November 2016).

PRISMA 2009 Checklist statement: The authors have read the
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RESULTS
Of 535 records reviewed, 62 relevant sources were
identified (mostly small observational studies). The
cumulative incidence of complex perianal fistulas in
CD from two referral-centre studies was 12%-14%
(follow-up time, 12 years in one study; not reported in
the second study). Complex perianal fistulas result in
greatly diminished quality of life; up to 59% of patients
are at risk of faecal incontinence. Treatments include
combinations of medical and surgical interventions and
expanded allogeneic adipose-derived stem cells. High
proportions of patients experience lack of or inadequ
ate response to treatment (failure and relapse rates,
respectively: medical, 12%-73% and 0%-41%; surgical:
0%-100% and 11%‑20%; combined medical/surgical:
0%-80% and 0%-50%; stem cells: 29%-47% and not
reported). Few studies (1 of infliximab; 3 of surgical inter
ventions) have been conducted in treatment-refractory
patients, a population with high unmet needs. Limited
data exist on the clinical value of anti-tumour necrosis
factor-α dose escalation in patients with complex perianal
fistulas in CD.

intestinal segments and other organs or adjacent tissue
[1]
or skin) . It is estimated that 26% of patients with CD
experience perianal fistulas in the two decades after
[2]
diagnosis . An estimated 70% to 80% of perianal
[3]
fistulas are complex perianal fistulas (CPF) , defined by
the American Gastroenterological Association as those
involving the upper part of the sphincter complex (i.e.,
high intersphincteric, high transsphincteric, suprasph
incteric, or extrasphincteric origin of the fistula tract);
have multiple external openings (tracts); are associated
with pain or fluctuation suggesting a perianal abscess;
and/or are associated with a rectovaginal fistula or
[4]
anorectal stricture . The available literature indicates
that CPF can result in a high disease burden, greatly
diminished health-related quality of life (HRQOL), and
[5]
increased health care resource use and costs .
Treatment approaches for CPF in patients with CD
include combinations of medical and surgical options, with
the aims of achieving healing of the fistula, treating and
preventing further septic complications, resolving fistula
[6]
discharge, and improving patients’ HRQOL . Currently,
anti-tumour necrosis factor alpha (TNF-α) agents,
particularly infliximab, are generally recommended as the
[5,6]
first-line medical therapy for CPF in patients with CD .
Adjuvant use of antibiotics at induction and thiopurines
[5]
during maintenance are additional options . Relapse
is common after stopping medical treatment, and it is
generally estimated that only one-third of patients achieve
remission, often defined as closure of external openings
and a lack of drainage (although definitions of remission
[3,7]
vary across studies) .
To our knowledge, the literature on epidemiology,
burden, and management of CPF in patients with CD
has not been systematically reviewed. The objective
of this study was to conduct a systematic review of
the literature on the epidemiology and disease burden
of CPF in Europe and treatment outcomes for CPF in
patients with CD globally.

CONCLUSION
Complex perianal fistulas in CD pose substantial clinical
and humanistic burden. There is a need for effective
treatments, especially for patients refractory to antitumour necrosis factor-α agents, as evidenced by high
failure and relapse rates.
Key words: Burden; Complex perianal fistulas; Crohn’s
disease; Epidemiology; Outcomes; Systematic literature
review; Treatment
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Complex perianal fistulas in Crohn’s disease (CD)
impose considerable burden. Rates of failure and relapse
are generally high with currently available treatments.
Effective treatment options for complex perianal fistulas
in patients with CD, especially those who are refractory
to anti-tumour necrosis factor-α agents, are needed.

MATERIALS AND METHODS
A systematic search of electronic medical literature
databases and relevant conferences (i.e., Crohn’s and
Colitis Foundation of America’s clinical and research
conference/Advances in Inflammatory Bowel Diseases,
Digestive Disease Week, European Crohn’s and Colitis
Organisation, American College of Gastroenterology,
United European Gastroenterology Week, and International
Society for Pharmacoepidemiology; 2011 forward) was
conducted in November 2016. The MEDLINE, MEDLINE
In-Process, Embase, and Cochrane Library (including
Central Register of Controlled Trials, Cochrane Database of
Systematic Reviews, and Database of Abstracts of Reviews
of Effects) databases were searched (2000 forward for
full articles; 2011 forward for conference abstracts) using
combinations of free text and Medical Subject Headings
terms. The population of interest was adult (≥ 18 years)
patients with CD and/or CPF undergoing medical or

Panes J, Reinisch W, Rupniewska E, Khan S, Forns J, Khalid
JM, Bojic D, Patel H. Burden and outcomes for complex
perianal fistulas in Crohn’s disease: Systematic review. World J
Gastroenterol 2018; 24(42): 4821-4834 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i42/4821.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i42.4821

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disease
of the gastrointestinal tract characterised by transmural
inflammation that can disrupt the mucosal integrity of
the intestine and anal canal, leading to complications
such as abscesses and fistulas (i.e., tracts between
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surgical therapy. CPF were generally defined as fistulas
with intersphincteric, transsphincteric, suprasphincteric,
extrasphincteric, or horseshoe tracts, although definitions
of CPF varied between studies. Rectovaginal fistulas were
included if they were included by authors as part of their
definition of CPF; however, we did not specifically focus on
rectovaginal fistulas. Studies were included if they reported
the epidemiology, burden, costs, treatment patterns,
and/or treatment outcomes. Studies not distinguishing
between simple perianal fistulas and CPF were excluded
if outcomes were not reported separately for the CPF
population. Comments, case reports, and studies in
animals were excluded. For a full list of the predefined
inclusion and exclusion criteria see Supplementary
Table 1. Supplementary Table 2 presents the MEDLINE
search strategy. Additional studies were identified via the
bibliographies of relevant systematic literature reviews and
conference abstracts. Searches of professional association
websites, and the National Guidelines Clearinghouse
and Turning Research into Practice databases were also
conducted to capture clinical guidelines.
Articles were selected by two independent researchers
via a two-step screening process. Titles and abstracts
of identified articles were first reviewed for relevance
according to the inclusion and exclusion criteria. Full-text
articles selected were then reviewed for relevance using
the same criteria. Any disagreements regarding the
inclusion of an article were resolved by consensus, using
a third reviewer to reach a final decision. For information
about epidemiology, HRQOL and economic burden, and
treatment guidelines and patterns for CPF in patients with
CD, we focused on European studies. Because clinical
studies are not prone to change from country to country,
we also included clinical studies conducted in any country
if they reported on relevant treatment outcomes. For the
purposes of this review, we classified surgical procedures
as major or minor, as outlined in Supplementary Table 3.

epidemiologic studies presenting data on the proportion
of CPF among CD patients with perianal fistulas were
identified. However, in clinical studies, CPF accounted
for 52% to 88% of the total number of perianal fistulas
[10-16]
among patients with CD
(Table 1).

Health-related quality of life burden of CD patients with
perianal fistulas (n = 1 study)

A postal HRQOL questionnaire was administered
to 69 perianal CD patients (84% with CPF) with no
current stoma, identified retrospectively from a single
surgical department in Austria, who underwent surgical
[12]
treatment . (Surgical treatments were fistulotomy,
loose seton drainage, advancement flap, or stoma.)
HRQOL was statistically significantly reduced compared
[12]
with age- and sex-matched healthy controls . Median
SF-12 physical health score was 47.9 (range, 25.5-57.2)
for patients compared with 54.3 (range, 34.6-61.8)
for controls (P = 0.03). Patients’ Inflammatory Bowel
Disease Questionnaire (IBDQ) score was 157 (range,
60-199.5) compared with 188.5 (range, 125-206.5) for
controls (P < 0.0001). Faecal incontinence, defined as
the involuntary leakage of solid stool, liquid stool, or gas
at the time of follow-up, was observed in 59% of patients
(incontinence of solid stool: 30%, liquid stool: 54%, gas:
52%) and had a negative impact on HRQOL (IBDQ; P =
0.0006 vs healthy age-matched controls without faecal
[12]
incontinence) .

Treatment of complex perianal fistulas in CD patients
treatment goals (n = 1 study)

The short-term goals in the treatment of perianal CD,
including CPF, are abscess drainage (to manage or
[17]
prevent sepsis) and reduction of symptoms . The longterm goals are resolving fistula discharge, improvement
in HRQOL, fistula healing, preserving continence, and
[17]
avoiding proctectomy with stoma .

Treatment options, choices, and guidelines (n = 6
studies)

RESULTS
Literature search results

Treatment options for CPF include a combination of
medical (e.g., antibiotics, immunosuppressants, and antiTNF-α drugs) and surgical interventions (e.g., plugs, glue,
fistulotomy, fistulectomy, placement of setons, stoma,
ligation of the intersphincteric fistula tract, advancement
flap, colectomy, proctectomy), as well as stem cell
therapy. Figure 3 presents real-world treatment patterns
as identified in two retrospective studies - one conducted
[13,18]
in Spain and one in the Netherlands
.
Global, European, Italian, and German treatment
guidelines vary with respect to treatment of CPF in
patients with CD; however, drainage of sepsis is generally
recommended as first‑line intervention before initiating
[17,19-21]
immunosuppressive treatment
. Recommended
first-line medical treatments include anti-TNF-α agents,
particularly infliximab (the only anti-TNF-α agent
approved for fistulas in patients with CD), sometimes in
combination with antibiotics and/or thiopurines; plugs

The search of the medical literature databases yielded
535 records, from which 116 sources were selected after
abstract review, and 33 sources were deemed eligible for
inclusion after full-text review. An additional 29 sources
were identified from the search of conference abstracts
and the grey literature, for a total of 62 articles and
abstracts (Figure 1).

Epidemiology of complex perianal fistulas in CD (n = 2
studies)

The cumulative incidence of CPF in patients with CD
reported in two separate retrospective Spanish studies
(including 2391 and 350 distinct CD patients) was 12%
and 14% (follow-up: Mean 12 years per patient and
[8,9]
total 15 years within institution, respectively)
(Figure
2). In the larger study, the authors reported an annual
[8]
incidence of CPF of 0.7 per 100 patient-years . No
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Potentially relevant records indentified n = 535
PubMed n = 301
Embase n = 225
The Cochrane Library n = 9

Level 1 screening: titles/abstracts excluded n = 419
Reasons for exclusion:
Study type (review, case report, commentary) n = 51
Population (not CPF in CD) n = 284
Intervention (no relevant interventions studied) n = 7
Outcomes (no relevant outcomes reported) n = 56
Other (duplicate, more updated version available, etc .) n = 21

Articles retrieved for level 2 screening
n = 116

Level 2 screening: articles excluded n = 83
Reasons for exclusion:
Study type n = 9
Population n = 69
Other n = 5

Articles added from desktop
1
research /review of reference lists
n = 29

Articles to be included
n = 62

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram. 1Includes 12 studies identified via search of congress abstracts, and
not published elsewhere. CD: Crohn’s disease; CPF: Complex perianal fistula; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
[18]

[17,19,20]

.
are recommended as first-line surgical therapy
For maintenance therapy following induction, guidelines
generally recommend azathioprine/6‑mercaptopurine,
often combined with infliximab or adalimumab, seton
drainage, or a combination of drainage and medical
[19,20]
therapy
. Upon failure of anti-TNF-α agents, treat
ment options include azathioprine/6-mercaptopurine,
methotrexate, or tacrolimus, with antibiotics as adjunctive
[17,20]
treatment
. Ustekinumab is now also available for
treatment of CD after failure of anti-TNF-α agents but has
[22,23]
not been specifically studied in CD patients with CPF
.
Proctectomy or diverting stoma is the last resort for
[17,19,20]
severe, therapy-refractory disease
.

Clinical treatment outcomes (n = 45 studies)

Clinical treatment outcomes (e.g., response, relapse, and
maintenance of healing) were described in 20 prospec
tive studies and 24 retrospective studies (design was
unclear in one study). Supplementary Table 4 presents
information on each study, including study design,
definitions of CPF, and study endpoints (e.g., response
and relapse). All included studies presented information
on the treatment of patients with CPF and CD. [Three
[11]
studies - Alessandroni et al
(2013), Arberas-Diez
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[10]

et al
(2013), and Haennig et al
(2015) - reported
results for CD patients with any fistula, but the majority (≥
80%) of the population had CPF]. Therefore, studies of
infliximab and other treatment options were not included
if they enrolled patients with any perianal fistulising CD
but relevant outcomes were not reported separately
for patients with CPF. Treatment options investigated in
the included studies were anti-TNF-α agents (infliximab,
adalimumab, or unspecified anti-TNF-α agent) (n = 10),
major and minor surgery (as defined in Supplementary
Table 3) with (n = 15) or without (n = 12) concurrent
medical treatment, stem cell therapy (n = 4), and “usual
care” (defined as a standard medical care delivered at a
study author’s institution, consisting of medical and/or
surgical approaches) (n = 4) (Figure 4; Supplementary
Table 4). One study investigating "usual care" reported
response rates for patients treated with antibiotics and
thiopurines without concurrent surgical or anti-TNF-α
[18]
therapies .

Rates of treatment failure: Lack of response or
inadequate response

Across studies and treatment options reviewed, treat
ment failures (calculated based on lack of or inadequate
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Table 1 Epidemiology of complex perianal fistula in Crohn’s disease from non-epidemiologic studies
Ref.

Country,
study type

Haennig
et al[10] 2015

France,
retrospective

Disease location, % Proportion of
Definition of complex Sample Mean (SD) Sex, %
Mean CD
Mean
CPF among
perianal fistula
Size
age
female duration (SD) fistulising CD
total fistulas, %
duration (SD)
81

31 (13) yr;
median:
26.9 yr

52%

NR

Newly
referred
patients

Alessandroni
Italy,
et al[11] 2013
retrospective

210

Median, 34
(range 9-74)
yr1

47%1

NR

NR

Riss et al[12]
2013

Not provided
(rectovaginal and
rectourethral fistulas
were excluded)
Austria,
Transsphincteric,
Retrospective
extrasphincteric,
suprasphincteric, and
rectovaginal fistulas
were classified as
complex
Holland,
High intersphincteric,
Retrospective
transsphincteric,
extrasphincteric, or
suprasphincteric were
classified as complex

69

Median,
46.5 (range
18-64) yr

68%

Median, 202.2
mo (range
29-406.5 mo)

NR

232

Median,
29.4
(9.1-77.3) yr

58%

NR; median
age at
diagnosis:
22.8 yr
(4.0-68.7)

Newly
diagnosed
patients

Lahat et al[14]
2012

Israel,
Retrospective

52

Bell et al[15]
2003

United
Kingdom,
Retrospective

53%

Mueller
et al[16] 2007

Germany,
Prospective

Transsphincteric,
110
Median,
translevator,
perianal 35 (range,
supralevator and
fistulas3 20-91) yr
extrasphincteric
perianal fistulas were
classified as complex
Complex fistula
88
Median, 23
was defined as
(range 8-51)
rectovaginal or fistula
yr4
with three or more
perianal openings

NR

NR

Molendijk
et al[13] 2014

According to AGA

According to AGA

52%

Perineum: 69%
Rectum: 42%
Ileum: 7%
Colon: 40%
Ileum-colon: 52%
Active proctitis: 80%
Ileal disease1:
27%, colonic1:
26%, ileocolonic
involvement1: 47%
NR

88%

86%

84%

Upper GI: 5%
78%
Small bowel: 7%
Ileocecal: 15%
Large bowel: 38%
Small + large bowel:
29%
Whole GI tract: 1%
Isolated perianal
disease: 6%
Rectal involvement:
41%
10 yr (9.2; 5.3 (6.5; range,
Terminal
75%2
Ileum: 35%
range, 1-37)
1-29)
Colon: 27%
Ileocolon: 39%
Median, 8
Median, 3 yr
Ileocolonic or
72% of fistulas
(range, 0-32) (range, 0-32
colonic: 85%,
Rectal involvement:
yr
yr)
65%

Isolated small
intestinal disease4:
4%, isolated colonic
disease4: 11%,
small intestinal and
colonic disease4: 85%

52%

1

Baseline patient characteristics were only reported for 229 patients of whom 19 patients with rectovaginal or rectourethral fistulas were then excluded from
the study; 274% of patients with ileocolonic or colonic disease had complex fistula, compared with 72% of patients with ileal disease only (P = NS); 3NR
how many patients had perianal fistulas or CPF; a total of 87 patients with CD and active fistulas were enrolled; 34 patients (39%) had a single fistula, 24
(28%) had two fistulas and 29 (33%) had three or more fistulas during the course of their disease, giving a total number of fistulas of 169 fistulas, of which
110 were perianal fistulas (79 complex perianal and 31 simple perianal fistulas); 4Reported for all 97 patients with perianal disease. Baseline characteristics
not reported separately for 88 patients with CD and perianal fistulas. AGA: American Gastroenterological Association; CD: Crohn’s disease; CPF: Complex
perianal fistula; GI: Gastrointestinal; NR: Not reported; NS: Not significant.

response, as presented in the included studies) and/or
relapses were common (Figure 4).

ssion rate, one retrospective study (examining fibrin
glue with or without adult stem cells) included Magnetic
resonance imaging (MRI) results as part of their definition
[27]
of remission , and two studies (one prospective trial
of adalimumab and one retrospective study examining
infliximab plus other medications such as 6-mercatopurine,
azathioprine, methotrexate, and/or antibiotics) provided
rates for both clinical and endoscopic ultrasound-confirmed
[28,29]
remission
. Overall, only a small proportion of patients
with CD and CPF treated with anti-TNF-α (agent not

Rates of remission

Three studies (3 retrospective reviews of prospectively
collected data reported by the same first author, perhaps
with overlapping populations, and examining treat
ment with some combination of an anti-TNF-α [agent
[24-26]
not specified] plus azathioprine and/or antibiotics
)
reported clinical remission rate and radiological remi

WJG|www.wjgnet.com

4825

November 14, 2018|Volume 24|Issue 42|

Panes J et al . CPF in Crohn’s disease

350 patients with CD
2
(retrospective Spanish study)

2391 patients with CD
1
(retrospective Spanish study)
12 yr follow-up
Cumulative incidence of
developing any PF

24% (95%CI: 22%-30%)

Cumulative incidence of
developing CPF

12% (95%CI: 11%-13%)

Incidence rate of
developing CPF

0.7 per 100 patient-years

Not reported

3

13.7%

Figure 2 Epidemiology of complex perianal fistula in Crohn’s disease. 1Chaparro et al[8] published in 2011. Definition of complex perianal fistulas (CPF): A fistula
meeting any of the following criteria: High location (high intersphincteric, high transsphincteric, extrasphincteric, or suprasphincteric), multiple external openings,
perianal abscess, anal stenosis, or proctitis. Retrospective multicentre study conducted in 11 hospitals in Madrid, Spain (study period was not reported); 2Morete
et al[9] published in 2013. Definition of CPF not given. Retrospective single-centre study (Ferrol, Spain) with 15 yr of follow-up; 3Analysis of patients followed up at
reporting institution over 15 yr; mean per-patient follow-up not noted. Note: Both studies were presented as conference abstracts only and were not published in a
peer-reviewed journal. Thus, data are limited and difficult to assess for robustness. CD: Crohn’s disease; CI: Confidence interval; CPF: Complex perianal fistula; PF:
Perianal fistula.
Proportion of patients receiving types of treatment
1
in a retrospective Spanish study (n = 313)

Proportion of patients receiving types of treatment
2
in a retrospective Dutch study (n = 181)

100%

2.8%

90%
Proportion of patients

80%
70%

71.0%

66.0%

62.0%

60%

40.3%

54.0%

50%

45.3%
11.6%

40%
30%
20%

Medical treatment only

10%

Surgical treatment only
Medical and surgical treatment

0%
Antibiotics

Thiopurines

Anti-TNF-a

Surgical treatment

No treatment

Figure 3 Treatment choices. 1Retrospective multicentre study (study period or median follow-up time were not reported) enrolling patients with Crohn’s disease
(CD) and PFs; 80% had complex perianal fistulas (CPF). The graph presents treatment selection for patients with any fistula. Patients could have received multiple
treatments (proportion of patients who received combination therapy was not reported). The most common surgical intervention was fistulotomy (37%), followed by
placement of setons (32%)[18]. 2Retrospective single-centre study enrolling patients with CD and any perianal fistula [n = 232 patients, of which 181 (78%) had CPF];
patient identification: 1980-2000, follow-up through January 1, 2010; median follow-up was 10.0 yr (range, 0.5-37.5 yr). The graph presents treatment choices for 181
patients with CD and CPF. The most common type of surgery (alone or in combination with medical treatment) was faecal diversion (stoma; 63.6% of 94 patients with
CPF who underwent surgery; 33.1% of all 181 patients with CPF), followed by colectomy (55.3% of patients with CPF who underwent surgery; 28.7% of all patients
with CPF), fistulectomy (42.6% of patients with CPF who underwent surgery; 22.1% of all patients with CPF), and rectum amputation (proctectomy; 25.5% of patients
with CPF who underwent surgery; 13.3% of all patients with CPF)[13].

Anti-TNF-α treatment response rates

specified) achieved radiological healing. Specifically,
among 39 patients with mean follow-up of 31 mo, 54%
were in clinical remission, but only 10% with radiological
[24]
closure ; among 51 patients with mean follow-up time of
42 mo, 53% were in clinical remission, but only 14% with
[25]
radiological closure ; and among 66 patients with mean
follow-up of 48.50 mo, 40% were in clinical remission, but
[26]
only 24% had radiological closure . The rate of combined
clinical and radiological remission was comparable to
the rate of clinical remission for patients who received
darvadstrocel (Cx601) stem cell therapy (50% vs 53%
of 107 patients receiving Cx601 plus standard of care
followed up for 24 wk compared with 34% vs 41% of 105
[3]
patients receiving placebo plus standard of care ).
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Ten studies reported outcomes after anti-TNF-α treat
ment (4 for infliximab [infusions or local injections],
3 for adalimumab, and 3 for unspecified anti-TNF-α
treatment; 5 were retrospective, 4 were prospective,
and 1 had an unclear study design; follow-up ranged
from 4 wk to a mean of 48 mo across studies; see
Supplementary Table 4 for details). In studies evaluating
infliximab induction treatment, complete response was
not consistently achieved (Figure 4). In a retrospective
United Kingdom study, 42.3% of 52 CD patients with
CPF had complete response (defined as complete closure
of the fistula with no further drainage) and 44.2% had a
partial response (defined as reduction in number, size, or
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Treatment failure
Anti-TNF-a agents
(agent unspecified)

2

Surgical interventions

Relapse/recurrence
46%-60%

27%

4
1

6-52
52

10 wk-median, 40 mo
Median, 40 mo

3
1

9-38
9

4 wk-12 mo
24-48 wk

0%-100% 9

4

1-32
5-14

2 mo-mean, 7 yr
Median, 15 mo-median, 64 mo

14
8

9-85
6-48

3 mo-mean, 28 mo
Median, 11 mo-mean, 28 mo

3
NR

24-212
NR

8 wk after last treatment-24 wk
NR

4
2

15-250
79-181

Median, 2.3 yr-median, 10 yr
(not reported in 2 studies)
Median, 2.3 yr-median, 10 yr

12%-73%

Combined medical and
4
surgical management

Usual care

Mean, 31 mo-mean, 48 mo
Mean, 48 mo

0%

11%-20%

Stem cell therapy

39-66
66

41%

3

0%-80%
0%-50%
29%-47%
NR
30%-68%

5

23%-42%
0%

Timepoint of assessment
(range)

3
1

13%-58%

Infliximab

Adalimumab

No. of patients per
Number of study/treatment
group (range)
studies

10% 20% 30%   40% 50% 60% 70% 80% 90% 100%

Rate

Figure 4 Rates of treatment failure and relapse or recurrence among Crohn’s disease patients with complex perianal fistula 1. 1For studies with mixed
populations (i.e., patients with any fistula and those with complex fistula), only results for patients with Crohn’s disease and complex perianal fistulas were considered;
2
Defined as lack of or inadequate response to therapy (i.e., lack of complete response or lack of healing response); 3Most studies (10 of 12) reported outcomes for
surgical procedures that were considered major procedures in this review, ligation of intersphincteric fistula tract, advancement flap repair, mucosal advancement flap
with injection of platelet-rich plasma into the fistula tract, myocutaneous flaps and proctocolectomy with permanent ileostomy, gracilis muscle transposition, over-thescope-clip proctology, fistula tract transposition or standard surgical management (including both major and minor procedures)[34-36,42,48-50,53,54,66]. One study reported
outcomes with permanent seton (minor procedure; other minor procedures reported in studies mentioned above included biologic fistula plug, and fibrin glue)[52].
One study did not specify the type of surgery[11]; 4Most (12 of 15) studies assessed surgical procedures that are considered minor procedures (seton drainage (most
frequently), abscess drainage, fistulotomy, fibrin glue)[10,29,38-41,43,67-71]. Two studies assessed surgical procedures that are considered major procedures (mucosal
advancement flap, resection, stoma, proctectomy)[37,51]. Surgery type was not defined in one study[72]; 5Defined as usual care used at each centre [standard medical
care (excluding anti-tumour necrosis factors) and surgery in two studies, and standard medical care (including anti-tumour necrosis factor alpha agents) and surgery
in two studies]. TNF-α: Tumour necrosis factor alpha.

prospectively in Turkey, clinical response after an anti-TNFα-based triple treatment (unspecified anti-TNF-α agent,
azathioprine, and antibiotic) among 66 CD patients with
[26]
CPF after a mean follow-up of 48.50 mo was 40% .

drainage of fistulas) to infliximab after a median follow[30]
up of 41 mo . A prospective Italian study found that
3 of 6 CD patients with CPF experienced clinical closure
of the CPF at the end of the induction period (i.e., the
[31]
week 10 visit) . Moreover, relapse is common. In the
aforementioned UK study, the relapse rate at the median
follow-up time of 36.5 mo was 41% among patients with
initial complete response and 47.8% among those with
[30]
initial partial response . In another prospective Italian
cohort study, the initial rate of persistent closure at 12
mo among 12 CD patients with CPF was 87.5% but was
[32]
62.5% at the end of the follow-up (median, 35 mo) .
The proportion of adalimumab-treated patients that
achieved complete cessation of drainage varied. The
complete response rate after adalimumab treatment
was 88% at 48 wk among a subset of nine patients
enrolled in a randomised prospective study conducted
in the United States (US) who underwent assessments
by endoscopic ultrasound every 12 wk and was 73%
among 11 control patients who received standard
[28]
of care without endoscopic ultrasound . Complete
response was 28% among 38 CD patients with CPF at
12 mo in a retrospective multicentre study conducted in
[33]
Spain . In a retrospective assessment of data gathered
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Surgical treatment response rates

Twelve studies reported outcomes after surgical
interventions without combined medical treatment (8
retrospective and 4 prospective; duration of follow-up
across studies ranged from 2 mo to 7 years). Ten studies
focused on major surgical procedures, one focused on
minor surgical procedures, and one did not report the
type of procedure (see Figure 4 and Supplementary Table
4 for details of each procedure). Across all 12 studies,
response rates with surgical procedures ranged from
31% to 100%. In a retrospective Canadian study, the
healing rate among patients who underwent seton drain
placement was 31.3% (10 of 32 patients; assessment
at 12 wk), 33.3% (1 of 3 patients) among patients who
underwent advancement flaps, and 75% (3 of 4 patients)
[34]
among patients who had fistula plugs inserted . In an
Austrian retrospective cohort study, all five patients who
underwent myocutaneous flaps and proctocolectomy
with permanent ileostomy experienced healing at 3 mo,
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[35]

although one patient relapsed at 6 mo . Similarly, in
a retrospective Brazilian study, at a median follow-up
of 15.2 mo, 1 of 5 patients who underwent fistula tract
transposition experienced a recurrence associated with a
[36]
new tract formation .

are a novel treatment option for patients with CD and
CPF who do not respond to conventional and/or biological
[44]
treatments or in whom systemic immunosuppression
needs to be avoided. Across studies of eASCs, response
(defined as ≥ 50% reduction in the number of draining
fistulas) has been achieved in 66% to 71% of patients
and combined clinical and radiological remission (defined
as absence of abscess ≥ 2 cm in diameter) has been
[3,45,46]
achieved in 30% to 50% of patients
. In a phase
3 trial of darvadstrocel, a suspension of eASCs, in 212
CD patients with CPF, significantly more patients treated
with darvadstrocel achieved combined remission 24
wk after receiving a single injection compared with
control patients (50% vs 34%, P = 0.024); numerical
improvements in response and clinical remission rates
[3]
were also observed . Moreover, the median time to
clinical remission was shorter with darvadstrocel than
with control (6.7 wk vs 14.6 wk; hazard ratio, 0.57;
95%CI: 0.41-0.79), as was the median time to response
(6.3 wk vs 11.7 wk; hazard ratio, 0.59; 95%CI,
[3]
0.43-0.81) .

Combined medical and surgical response rates

Fifteen studies reported outcomes after combined
medical and surgical treatments (10 prospective and 5
retrospective studies; follow-up ranged from 3 mo to
5 years across studies; 2 studies reported outcomes
for major surgical procedures combined with medical
treatment, 12 for minor surgical procedures combined
with medical treatment, and 1 for unspecified surgery
type combined with medical treatment; see Figure 4 and
Supplementary Table 4 for details). Overall, response
rates ranged from 20% to 100%. Response rates to
combined infliximab and seton drainage therapy ranged
[10,29,37-42]
[10]
from 43% to 100%
. (Haennig et al
(2015)
included 71 patients with CD with CPF of 81 patients
total). In a retrospective observational study, relapse
was reported in 41% of 71 CD patients (with CPF) who
underwent combined infliximab and seton drainage
[10]
therapy .
The results of three comparative studies suggested
that combined medical and surgical treatment may have
clinical outcome benefits over medical (drug) or surgical
treatment alone. In a retrospective United States study
of 20 CD patients with CPF, outcomes were significantly
better in patients who had an examination and seton
placement under anaesthesia prior to infliximab compared
with patients receiving infliximab alone in terms of initial
response (within 3 mo of third infusion; 100% vs 71.5%,
P = 0.026), recurrence rate (50% vs 100%, P = 0.036),
and mean time to recurrence (13 mo vs 2.1 mo, P =
[41]
0.001) . Similarly, in a retrospective Korean study of
[43]
85 CD patients with CPF , patients receiving combined
medical (antibiotics and/or immunomodulators; no antiTNF-α) and fistulotomy and/or seton drainage showed
significantly better response rates at 3 mo (68%) than
patients receiving medical treatment alone (40.9%)
or surgical treatment alone (38.5%) (P = 0.03). In a
prospective Italian study of 35 CD patients with CPF,
although the rates of response and relapse were not
significantly different among patients who received
infliximab only, surgery (i.e., draining seton) only, or
infliximab combined with surgery, patients in the latter
group showed significantly shorter mean (standard
deviation [SD]) time to healing of fistulas [3.1 (0.8) mo]
than those who received surgery alone [mean (SD), 4.2
(1.3) mo; P = 0.041] and significantly longer mean time
to relapse than those who received infliximab only [mean
(SD), 2.6 (0.7) mo; P = 0.012] or surgery only [mean
[38]
(SD), 3.6 (0.5) mo; P = 0.016] .

“Usual care” response rates

Four studies presenting outcomes after usual care
were identified. Results by specific treatment were not
consistently available in these studies. Usual care varied
among countries and included both medical interventions
(usual medical care included anti-TNF-α agents in the
[13]
[18]
Netherlands and Spain but not did not include anti[15]
[47]
or Ukraine )
TNF-α agents in the United Kingdom
and surgical interventions (see Supplementary Table 4).
Overall, complete response after usual care was achieved
in 32% to 77% of patients, with higher response rates
generally reported when “usual care” included antiTNF-α therapy. This wide range in response rates is likely
due to variations in the treatment options considered
usual care in the studies. In a retrospective Dutch study
including 181 patients with CD and CPF, although the
initial remission rate was 64.6%, at a median time of
follow-up of 10 years, remission was maintained in only
[13]
37% of patients . In a retrospective Spanish study,
complete response rates appeared to be more favourable
with an anti-TNF-α agent combined with thiopurines (77%
of patients) than with anti-TNF-α monotherapy (59%);
however, outcomes were reported only for patients with
any type of fistula [approximately 250 of 313 patients
[18]
(80%) had complex fistulas] . Corresponding complete
response rates for patients with complex fistulas treated
with only thiopurines, antibiotics, or surgical procedures
were 32%, 37%, and 50%, respectively. Treatment
outcomes for surgery combined with an anti-TNF-α
[18]
agent were not reported . A retrospective UK study
reported that the overall healing rate for CPF treated with
standard care was 70% (55/79 fistulas); median time to
healing of CPF was 42.8 mo (range, 1.8‑397 mo), with a
median of 6 treatment episodes (range, 1-23 episodes);
the majority of episodes leading to healing consisted
[15]
of surgical treatment . In a Ukrainian study, 11 of

Response rates after allogeneic adipose-derived stem
cell treatment

Expanded allogeneic adipose-derived stem cells (eASCs)
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15 patients with complex fistulas underwent transanal
advancement flap, and 4 of 15 patients underwent noncutting seton procedure (both procedures were followed
by medical treatment); of these, 5 of 11 (45%) and 2 of
[47]
4 (50%) healed, respectively .

fistulas underwent faecal diversion (stoma; not reported if
transient or permanent) during a median follow-up of 10.0
[13]
years . Among 210 patients with CD and any perianal
fistulas (86% with CPF), the cumulative probability of
defunctioning stoma or proctectomy during 72 mo of
follow-up was 0.3. This probability was not influenced by
patients’ type of fistula, age at diagnosis, or sex and not
significantly reduced by immunosuppressive or biological
therapy; however, the risk was significantly related to
disease localisation, rectal involvement, and the need for
[11]
more than one surgical procedure .

Outcomes in treatment-refractory patients

Although most patients in the studies identified received
previous or concurrent medical and surgical therapies,
only four studies were conducted specifically in patients
refractory to medical and/or surgical therapies. In a
prospective study of perifistular injections of infliximab
in 12 CD patients with CPF refractory to medical therapy
with immunomodulators and/or intravenous infliximab,
persistent closure (i.e., 12 mo after treatment) occurred in
62.5% of patients (5/8) at the end of follow-up (median,
[32]
35 mo) . Three retrospective studies of patients refractory
to some combination of medical (e.g., anti-TNF-α agents,
azathioprine, steroids) and surgical interventions evaluated
specific surgical interventions (myocutaneous flaps and
proctocolectomy with permanent ileostomy, gracilis muscle
transposition, or over‑the‑scope-clip proctology), with
healing rates ranging from 64% of patients to 100% of
[35,48,49]
patients
.

DISCUSSION
This systematic literature review revealed that published
data on the epidemiology and burden of CPF in patients
with CD are scarce. The cumulative incidence of CPF in
patients with CD ranged from 12% to 14% (follow-up:
mean 12 years per patient and total 15 years within
[8,9]
institution, respectively) . These findings are aligned
with the results of previous studies of all perianal fistulas
in CD. In a US-population based study, the frequency of
perianal fistulas in CD was reported as 12% at 1 year,
15% at 5 years, 21% at 10 years, and 26% at 20
[2]
years . In New Zealand, the cumulative incidence at
20 years of any perianal fistula in CD was reported as
[55]
28.3% . No published studies on the prevalence of
CPF in CD were identified in this review.
This review identified only one study evaluating the
costs of CPF in patients with CD in Europe, highlighting
a significant gap in the literature. A 2010 retrospective
study conducted in Spain estimated the direct costs
of CPF to be €8289 per patient per year, with biologic
treatment costs a main cost driver, representing 61.4%
[56]
of direct costs ; however, it is difficult to separate the
costs attributable directly to CPF vs costs related to
the underlying CD. A 2008 United States study found
that patients with fistulising CD had higher mean
direct costs than patients without fistula ($35373 vs
[57]
$15564 per patient per year; P < 0.0001) . As both
studies considered only direct health care costs and
are outdated, the reported costs are likely an under
estimation of current total costs of CPF in patients with
CD. Moreover, because the resolution of CPF in CD may
take years, long-term total costs are likely to exceed
published estimates of annual estimated costs. Further
research is needed to characterise the economic burden
of CPF in patients with CD.
Several European clinical guidelines related to treatment
of CPF in patients with CD are currently available. Although
recommendations vary slightly between guidelines, a
combination of surgical and medical treatment is generally
recommended. Recently, a new treatment algorithm
for perianal fistulising disease, including CPF, in CD has
been proposed that recommends a top-down approach
[58]
for patients with CPF and/or proctitis . The authors
suggest local injection of mesenchymal stem cells can
be considered in patients without proctitis who do not

Outcomes after anti-TNF-α dose escalation or switching

There is limited evidence on anti-TNF-α dose escalation
in this population. One small retrospective study showed
that adalimumab dose escalation to 40 mg weekly (from
160 mg + 80 mg or 80 mg + 40 mg induction) in patients
who had no response (n = 3 patients) or inadequate
response (n = 6 patients) to adalimumab led to remission
[33]
in only 3 of 9 patients . No studies reporting outcomes
after switching between different anti-TNF-α agents for the
treatment of CPF were identified.

Predictors of treatment outcomes

Evidence of correlation between patient characteristics
and CPF treatment response is limited and inconsistent.
One retrospective study of 210 CD patients with
perianal fistulas found that the risk of poor outcomes
after treatment of CPF in patients with CD was related
significantly to disease location, rectal involvement,
[11]
and need for more than one surgical procedure .
[11]
(Alessandroni et al (2013) included 210 patients with
perianal fistulas [181 (86%) with CPF]. Another retro
spective study reported no correlation between fistula
response and disease location, duration, number of
[24]
fistulas, or treatment modality .

Other outcomes

Few studies (n = 11) reported patients’ continence after
surgical procedures, and in most of these studies no
[27,34,36,46,47,49-54]
negative effect on continence was observed
.
In addition, the need for colostomy or ileostomy after
treatment failure generally was not consistently reported
across studies. In a Dutch study, 33.1% of 181 patients
with CD and CPF and 15.7% of 51 patients with simple
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respond to conventional therapies. In general, surgery
may still be required in a high proportion of patients and
should not be delayed when criteria of drug failure are
met. Timely assessment of response to medical therapy is
[58]
essential to initiate alternative therapies or surgery .
This review also highlights low response rates with
most treatments, and the considerable unmet needs
that remain for patients with CD and CPF. A total of 45
studies reporting treatment outcomes for this population
was identified, most of which were small observational
studies. Differences in study methodologies, populations,
definition of endpoints, and duration of follow-up in each
study make comparison across studies difficult and
emphasise the need for studies in larger CPF populations
with long-term follow-up. Definitions for outcomes
assessment differed considerably between studies,
and few studies included assessments of response by
MRI (a recently published review details the issues in
[58]
assessment of fistula disease activity ). Due to large
differences in the follow-up time and lack of specificity
in published results, it is not possible to differentiate
between primary failure and loss of response with the
treatments evaluated in this review. Moreover, the
effect of placebo response must be considered when
[55]
interpreting response rates
Bearing in mind these
challenges in interpretation, response rates ranged from
20% to 100% across all studies; for most studies, they
were between 50% and 85% (Supplementary Table
4). Treatment failure rates varied greatly, ranging from
0% to 80% across studies; rates of relapse also varied,
ranging from 0% to 66% (Figure 4). These findings
suggest that many patients experience inadequate
response to treatment, fail treatment altogether, or go
on to experience relapse, highlighting the need for more
effective treatments.
Expanded ASCs may be a viable treatment option for
patients with CD and treatment-refractory CPF - a group
of patients for whom treatment options are currently
limited. In a randomised controlled trial, the eASC
treatment darvadstrocel has shown significant impro
vement in combined remission rates relative to control
treatment at 24 wks in patients who were treatment
[3]
refractory . Importantly, the response was durable; a
study of the long-term efficacy of eASCs (published after
this review was conducted) found that the proportion of
patients in combined remission 52 wk after the single
injection remained stable (eASCs 56%, placebo 39%, P
[59]
= 0.010) .
In addition, there is evidence from a recent study
that higher infliximab trough levels are associated with
[60]
perianal fistula healing in patients with CD . In this
cross-sectional study enrolling 117 patients with CD
who had (any) perianal fistula and were treated with
infliximab for at least 24 wk, patients who achieved
fistula healing had significantly higher median serum
infliximab levels (≥ 10.1 µg/mL) compared with patients
with active fistulas. Moreover, there was an incremental
[60]
gain in fistula healing with higher infliximab levels .
Further research is needed to estimate clinical utility of
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infliximab trough levels and costs associated with dose
escalation in the treatment of CPF in patients with CD.
Evidence on the efficacy of thiopurines for the treat
ment of CPF in CD is limited. Most studies evaluating
thiopurines in this review evaluated them in combination
with an anti-TNF-α agent. Earlier studies of thiopurines
conducted before anti-TNF-α agents were marketed are
inconclusive regarding the efficacy of thiopurines for fistula
healing in general and provide no outcomes data for CPF
[61]
patients or use as surgical pre-treatment . Moreover,
a Cochrane systematic literature review and metaanalysis of randomised controlled trials for azathioprine
or 6-mercaptopurine induction therapy, focusing on
subgroups of CD patients with perianal fistulas, indicated
a lack of efficacy in terms of fistula improvement or
[61]
healing (fistula healing was not assessed in a parallel
[62]
Cochrane review of use of thiopurine in maintenance ).
No identified studies presented specific data for
dose escalations with infliximab, and there is a lack
of evidence on how biologics impact the remission of
CPF in real-world settings. Recent published evidence
suggests that a treat-to-target approach using dose
[60]
escalation may improve outcomes in patients with CD .
Moreover, there is a need for randomised controlled
trials assessing outcomes of medical, surgical, and
combination treatment of CPF in patients with CD. Few
studies assessed factors predicting response to therapy
(including activity of luminal CD), and those that did
[58]
found few or no correlations . No identified studies
assessed the influence of active proctitis on treatment
decisions and outcomes in patients with CD and CPF,
although the association of proctitis with negative
outcomes is well-documented for patients with CD
[17,58]
and any perianal fistula
. Additionally, few studies
reported the proportion of patients with CD with CPF
who developed incontinence. It has previously been
reported that HRQOL is significantly affected by faecal
[63]
incontinence related to inflammatory bowel disease .
In another study, patients were highly motivated to
relieve anal incontinence, with 85% inclined to accept
[64]
a stoma for relief of the symptom . Finally, time
between diagnosis of CD and development of CPF was
not frequently reported. In a Dutch retrospective singlecentre study, 66 of 232 (28.4%) patients with CD and
perianal fistulas (78% had CPF) were diagnosed with
[13]
perianal fistulas within 6 mo after diagnosis of CD .
Among patients who were diagnosed after 6 mo, median
time to diagnosis of perianal CD was 7.0 (range, 0.7-38.0)
years (although it must be noted that this study excluded
patients who were diagnosed with perianal disease
before diagnosis of CD, which was approximately 10% of
[13]
the 436 patients initially assessed for eligibility) . In a
retrospective Israeli study, diagnosis of perianal disease
preceded diagnosis of CD in 5 of 52 (9.6%) patients,
was evident at presentation (it is assumed this refers to
diagnosis of CD) in 27 of 52 (52%) patients, and was
confirmed during disease course in 20 of 52 (38.4%)
[14]
patients .
The study results should be interpreted in view of
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and unmet needs for patients with CPF may inform the development of more
effective treatment strategies in this population.

several strengths and limitations. The study followed the
robust methodology of a systematic literature review,
and the scope was broad and included all treatment
types and clinical studies across regions. Nevertheless, a
particular limitation of this review is that CD patients with
CPF constitute a rare, small, geographically disparate,
and clinically heterogenous patient population, and it is
challenging to evaluate outcomes in a large number of
patients and control for their heterogeneity. Accordingly,
many identified studies on treatment outcomes were
small, retrospective, and/or non-comparative. As
study methods, populations, definition of endpoints,
and duration of follow-up varied widely, meaningful
comparison among these studies is difficult. Definitions
of CPF were particularly variable across studies (see
Supplementary Table 4 for details); for instance, some
studies included rectovaginal fistulas as part of their
definition of CPF, whereas others did not (outcomes
of rectovaginal fistulas, if not included as part of the
overall definition of CPF, were not a specific focus of this
review). Consensus on valid definitions for CPF and CPF
outcomes would be valuable for future studies. Articles
were categorised as reporting outcomes for medical
therapy only, surgical therapy only (with major and
minor surgeries classified accordingly for the purposes of
this review), or combination therapy (and in refractory
patients or not) as reported by the author; however,
across all studies, most patients received multiple prior/
current treatments.
The identification of a lack of quality evidence and
high variation in response rates is consistent with
[7,65]
previous reviews of publications in fistulising CD
.
An American Gastroenterological Association review
of 29 studies involving patients with high or complex
fistulas reported largely heterogeneous results, with
postoperative healing rates ranging from 0% to 100%,
recurrence rates from 0% to 75%, and proctectomy
[65-74]
rates from 0% to 60%
.
In conclusion, there is a paucity of data on the
epidemiology and burden of CPF in patients with CD.
CPF is associated with reduced HRQOL in patients with
CD. Current treatment options include a combination
of medical and surgical interventions. Based on results
from various small observational studies reviewed, rates
of failure and relapse are generally high. Consequently,
there is a need for effective treatment options for CPF
in patients with CD, especially those refractory to antiTNF-α agents.

Research motivation

To date, no systematic literature review evaluating the epidemiology, burden,
and management of CPF in patients with CD has been conducted.

Research objectives

The objective of this study was to systematically review the literature on
epidemiology, disease burden, and treatment outcomes for CD patients with
CPF, thus improving understanding of the burden of CPF.

Research methods

A systematic search of electronic medical literature databases and relevant
conferences was conducted in November 2016. Combinations of free text
and Medical Subject Headings terms were used for the searches. The
population of interest was adult (≥ 18 years) patients with CD and/or CPF
undergoing medical or surgical therapy. CPF were generally defined as fistulas
with intersphincteric, transsphincteric, suprasphincteric, extrasphincteric, or
horseshoe tracts, although definitions of CPF varied between studies. Relevant
studies reported on the epidemiology, burden, costs, treatment patterns, and/or
treatment outcomes. Articles were selected by two independent researchers.
Titles and abstracts of identified articles were first reviewed for relevance
according to the inclusion and exclusion criteria. Full-text articles selected were
then reviewed for relevance using the same criteria. Data were extracted from
the included studies.

Research results

A total of 62 relevant studies were identified. Most included studies were small
observational studies. The cumulative incidence of CPF in CD from two referralcentre studies was 12%-14%. CPF result in significant impairments in HRQOL. Up
to 59% of patients are at risk of faecal incontinence, an outcome with significant
effects on HRQOL in inflammatory bowel disease. Treatments for CPF include
combinations of medical and surgical interventions and expanded allogeneic
adipose-derived stem cells. High proportions of patients experience lack of or
inadequate response to treatments commonly reported in the literature. Failure
and relapse rates, respectively, for medical therapies were 12%-73% and 0%-41%;
for surgical therapies were 0%-100% and 11%‑20%; for combined medical and
surgical therapies were 0%-80% and 0%-50%; and for allogenic adipose-derived
stem cell therapies were 29%-47% and not reported). Few studies (1 of infliximab;
3 of surgical interventions) have been conducted in treatment-refractory patients,
a population with considerable unmet needs.

Research conclusions

CPF in patients with CD are associated with considerable clinical and
humanistic burden. Effective treatments are needed, especially for patients
refractory to anti- tumour necrosis factor alpha agents, as evidenced by high
failure and relapse rates with therapies evaluated in the literature.

Research perspectives

Most studies reviewed were small, observational studies. Based on the
available evidence, patients with CPF face significant burden; however future
research should more fully characterise the epidemiology and burden of CPF in
patients with CD.
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Research background

Perianal fistulas occur in an estimated 26% of patients with Crohn’s disease
(CD) in the two decades following diagnosis, and 70% to 80% of these fistulas
are complex perianal fistulas (CPF). CPF involve the upper part of the sphincter
complex, have multiple external openings (tracts), are associated with pain
or fluctuation suggesting a perianal abscess, and/or are associated with a
rectovaginal fistula or anorectal stricture. The available evidence, while limited,
suggests that CPF can result in significantly diminished health-related quality of
life (HRQOL) and considerable disease burden. Understanding disease burden
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Abstract
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Non-alcoholic fatty liver disease (NAFLD) has a pre
valence of approximately 30% in western countries,
and is emerging as the first cause of liver cirrhosis
and hepatocellular carcinoma (HCC). Therefore, risk
stratification emerges as fundamental in order to
optimize human and economic resources, and genetics
displays intrinsic characteristics suitable to fulfill this
task. According to the available data, heritability
estimates for hepatic fat content range from 20% to
70%, and an almost 80% of shared heritability has
been found between hepatic fat content and fibrosis.
The rs738409 single nucleotide polymorphism (SNP) in
patatin-like phospholipase domain-containing protein
3 gene and the rs58542926 SNP in transmembrane
6 superfamily member 2 gene have been robustly
associated with NAFLD and with its progression, but
promising results have been obtained with many other
SNPs. Moreover, there has been proof of the additive
role of the different SNPs in determining liver damage,
and there have been preliminary experiences in which
risk scores created through a few genetic variants, alone
or in combination with clinical variables, were associated
with a strongly potentiated risk of NAFLD, non-alcoholic
steatohepatitis (NASH), NASH fibrosis or NAFLD-HCC.
However, to date, clinical translation of genetics in the
field of NAFLD has been poor or absent. Fortunately, the
research we have done seems to have placed us on the
right path: We should rely on longitudinal rather than
on cross-sectional studies; we should focus on relevant
outcomes rather than on simple liver fat accumulation;
and we should put together the genetic and clinical
information. The hope is that combined genetic/clinical
scores, derived from longitudinal studies and built
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on a few strong genetic variants and relevant clinical
variables, will reach a significant predictive power, such
as to have clinical utility for risk stratification at the
single patient level and even to esteem the impact of
intervention on the risk of disease-related outcomes.
Well-structured future studies would demonstrate if this
vision can become a reality.

and interventions, and who could simply receive lifestyle
indications by a family physician or, eventually, would
be better left to the care of diabetologist, cardiologist
or nephrologist, if necessary? Answering this question
means optimizing human and economic resources.
The diagnosis of NASH vs NAFL has been classically
considered crucial in the prognostic assessment of
NAFLD, since patients with NASH have demonstrated
a reduced global or, at least, liver-related survival with
[2,3]
respect to those with NAFL . However, the multiple
noninvasive scores proposed, based on clinical and/or
[4]
non-routine biochemical variables , have never reached
a sufficient diagnostic accuracy to be proposed for clinical
practice, and liver biopsy is still recommended for a
[1,5]
definite NASH diagnosis . Moreover, recent evidence
has questioned the discriminatory potential of a diagnosis
of NASH, since also patients with NAFL have shown to
deposit a certain degree of fibrosis, and a subgroup of
[6]
them are even classifiable as rapid fibrosis progressors .
[1,5]
Consequently, as recommended in recent guidelines ,
it is better to test NAFLD patients for advanced fibrosis,
which is the most important determinant of their
[7,8]
outcome . The NAFLD fibrosis score (NFS) and the
fibrosis-4 (FIB-4) score are well-validated and simple
non-invasive tests that have a high negative likelihood
[9,10]
ratio for the exclusion of advanced fibrosis
, and they
have been proposed as the first step since patients at
low risk for advanced fibrosis according to these scores
can be managed in primary care. Conversely, patients
at indeterminate or high risk are better referred to
secondary care, where liver stiffness measurement with
FibroScan (even better if with the XL probe), acoustic
radiation force impulse or supersonic shear imaging
can further refine the noninvasive assessment of their
[11,12]
fibrosis stage
. However, relying on the absence/
presence of advanced fibrosis to assess the prognosis of
an individual patient presents two clear limitations: first,
it seems useful for “secondary” rather than for “primary”
prevention; second, and consistent with the first point,
it’s not useful for a correct classification of the young
NAFLD patient.
Genetics displays intrinsic characteristics with the
potential to solve these limitations, and, interestingly
in this line, a body of recent evidence indicates strong
[13]
heritability of hepatic fat content . Indeed, the role of
genetic variation in NAFLD, specifically single nucleotide
polymorphism (SNP), has been the focus of extensive
research. According to the available data, the heritability
estimates range from 20% to 70%, depending on the
study design, ethnicity, and the methodology applied for
[14]
the diagnosis . In a recent study on a cohort of wellcharacterized twins in which steatosis was assessed
by magnetic resonance imaging proton density fat
fraction (MRI-PDFF), and fibrosis by MRI-elastography,
the heritability of steatosis was 0.52 and that of fibrosis
[15]
0.5 . More importantly, steatosis and fibrosis were
strongly correlated, and steatosis shared 78% of its
heritable content with fibrosis, suggesting that the
same genetically-determined mechanisms inducing

Key words: Non-alcoholic fatty liver disease; Single
nucleotide polymorphism; Patatin-like phospholipase
domain-containing protein 3; Transmembrane 6 super
family member 2; Membrane bound O-acyltransferase
domain containing 7; Glucokinase regulatory gene;
Risk score; Non-alcoholic steatohepatitis; Non-alcoholic
steatohepatitis cirrhosis; Hepatocellular carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Risk stratification is emerging as fundamental
in the non-alcoholic fatty liver disease (NAFLD) epidemic.
Due to the strong heritability of hepatic fat content and
of liver fibrosis progression, genetics is perfectly suitable
to fulfill this task. However, notwithstanding the fact that
different gene variants have been robustly associated
with NAFLD and with its evolution, translation to the
clinical ground has been poor or absent. The evidence
produced suggests that combined risk scores, created
by integrating different genetic and clinical information
and tested with respect to relevant outcomes in
longitudinal studies, may represent the way for genetics
to gain strength in NAFLD diagnostics.
Vespasiani-Gentilucci U, Gallo P, Dell’Unto C, Volpentesta
M, Antonelli-Incalzi R, Picardi A. Promoting genetics in nonalcoholic fatty liver disease: Combined risk score through
polymorphisms and clinical variables. World J Gastroenterol
2018; 24(43): 4835-4845 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i43/4835.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i43.4835

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has a pre
valence of 25%-30% in the general population and has
become the main reason for referrals to hepatology
[1]
services . While the majority of NAFLD patients
have simple steatosis or steatosis with non-specific
inflammation [non-alcoholic fatty liver (NAFL)], and will
never evolve to advanced liver disease, a little subgroup
of them develops non-alcoholic steatohepatitis (NASH)
and has the potential to progress until liver cirrhosis and
hepatocellular carcinoma (HCC). Since even a little slice of
a big cake is quite a big slice, NAFLD is already becoming
the leading cause of advanced liver disease in western
countries. In the fight against this alarming epidemic,
risk stratification emerges as fundamental. Who among
NAFLD patients deserves specific hepatological follow-up
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Arachidonoylphosphatidylinositol/
total phosphatidylinositol
ratio
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Figure 1 Genetic polymorphisms more consistently associated with non-alcoholic fatty liver disease and their suggested physiopathological role. Patatinlike phospholipase domain-containing protein 3 is a lipase involved in the hydrolysis of triacylglycerol and is localized in the endoplasmic reticulum and directly on the
surface of lipid droplets. Patients with the I148M variant have a reduced enzymatic activity which impairs the mobilization of fatty acids and favors the development of
steatosis. Transmembrane 6 superfamily member 2 is involved in the enrichment of triglycerides to apolipoprotein B100 in the pathway of very low density lipoprotein
(VLDL) secretion from hepatocytes. The E167K variant causes a retention of triglycerides in hepatic lipid droplets and a reduced secretion of VLDL. A lower expression
of membrane bound O-acyltransferase domain containing 7 associated with the rs641738 allele determines changes in the hepatic phosphatidylinositol acyl-chain
remodeling, increased hepatic fat content and histological damage. Finally, glucokinase regulatory gene regulates de novo lipogenesis by controlling the influx of
glucose in hepatocytes. The P446L variant increases hepatic fat accumulation by stimulating lipogenesis and glucose uptake. PNPLA3: Patatin-like phospholipase
domain-containing protein 3; TM6SF2: Transmembrane 6 superfamily member 2; VLDL: Very low density lipoprotein; MBOAT7: Membrane bound O-acyltransferase
domain containing 7; GCKR: Glucokinase regulatory gene.

disease development may favor its progression in terms
of fibrosis. Notwithstanding that, the only concrete
translation to the clinic obtained to date consists in
the recommendation from the last NAFLD European
guidelines to genotype for the two major genetic
components of NAFLD identified so far, i.e., the patatinlike phospholipase domain-containing protein 3 (PNPLA3)
rs738409 and the transmembrane 6 superfamily
member 2 (TM6SF2) rs58542926 polymorphisms, in
[5]
selected NAFLD patients, but not routinely . It’s pretty
clear that we need to find the way to go further.

been proposed, a few of which have already acquired a
recognized role in the physiopathology of NAFLD (Figure
[16]
1). Romeo et al
were the first to report that the
rs738409 C>G single nucleotide polymorphism (SNP)
in PNPLA3 gene, encoding the isoleucine to methionine
variant at protein position 148 (I148M), was strongly
associated with increased liver fat content. Subsequently,
the I148M variant has been associated with the degree
of liver injury and all the histopathological aspects of
NAFLD, including the presence of NASH, the degree
of fibrosis, evolution to cirrhosis and development of
[17-20]
HCC
. Actually, the PNPLA3 polymorphism should be
regarded as the strongest determinant of interindividual
and ethnicity-related differences in hepatic fat content.
The mechanisms through which the PNPLA3 variant
contributes to NAFLD development and severity
have been extensively investigated, and the latest
evidences suggest that the 148M substitution induces
a loss of function of PNPLA3 hydrolase activity towards
triglycerides and retinyl esters, with their subsequent
accumulation in lipid droplets of hepatocytes and hepatic

GENETIC VARIANTS MOST
CONSISTENTLY ASSOCIATED WITH
NAFLD DEVELOPMENT AND SEVERITY
A great amount of evidence on the role of genetics in
NAFLD/NASH has been produced during the last 10-15
years by candidate gene and, mainly, genome-wide
association studies (GWAS). Many polymorphisms have
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[21,22]

stellate cells
.
The rs58542926 polymorphism in TM6SF2 has
clearly emerged as the second genetic determinant of
[23]
NAFLD in terms of importance . The variant, encoding
for an E to K substitution at position 167 resulting in a
loss of function, has been associated with a reduced
hepatic capability to secrete very low-density lipoprotein
and, therefore, with hepatic steatosis and necroin
[24]
flammation . It is not surprising that carriers of the
TM6SF2 E167K variant are more susceptible to NASH
[24]
but are protected against cardiovascular disease .
Concerning the association between the TM6SF2
rs58542926 polymorphism and liver fibrosis, results
have been much more heterogeneous than those
obtained for the PNPLA3 variant. In a study of 349
biopsy-proven patients, the TM6SF2 E167K variant was
associated with a greater risk of NAFLD-related liver
[25]
fibrosis , and the association with advanced fibrosis
[24]
was confirmed by Dongiovanni et al , even if in this
study it was not independent from the presence of
NASH. However, other Authors have not replicated this
finding, possibly also due to the low frequency of the
[26-27]
TM6SF2 E167K variant in their study populations
.
Due to the poorness of specific studies, there is no
conclusive data regarding the association between the
TM6SF2 rs58542926 polymorphism and HCC. Notably, Liu
[25]
et al reported that the TM6SF2 E167K variant confers
increased predisposition to NAFLD-related HCC, although
the association was not independent from classical
risk factors, including gender, age, presence of type-2
diabetes mellitus (T2DM) and cirrhosis. More recently,
the TM6SF2 polymorphism was characterized among
the independent predictors of NAFLD-HCC even after
[28]
adjustment for age, sex, T2DM and advanced fibrosis .
Another locus in which variation has been robustly
associated with NAFLD is that of the glucokinase
regulatory gene (GCKR). Indeed, in a metanalysis of
5 previous studies, the rs780094 polymorphism at the
GCKR locus has been associated with an approximately
[29]
1.2 increased risk of NAFLD . Notably, in a large
cohort of Italian patients with NAFLD, the rs780094 C>T
SNP has been associated also with the severity of liver
[30]
fibrosis and with high triglyceride levels , while studies
on the association with HCC are missing. Actually, it
seems that the rs780094 polymorphism may be acting
as a proxy for a nearby tightly linked SNP, rs1260326,
which encodes a common missense GCKR variant.
This loss-of-function GCKR mutation reduces GCKR
ability to regulate glucokinase in response to fructose-6phosphate, activating hepatic glucose uptake, increasing
the production of malonyl-CoA, and finally favoring
[30,31]
lipogenesis
.
Another important polymorphism is the rs641738
variant of the membrane bound O-acyltransferase
domain containing 7 (MBOAT7) gene, which was shown
to predispose to development and progression of NAFLD
[32,33]
in individuals of European descent
. MBOAT7 is
involved in phosphatidylinositol remodeling and the
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variant was associated with lower protein expression
in the liver and changes in plasma phosphatidylinositol
species, consistent with decreased MBOAT7 function,
determining increased hepatic fat content, more severe
[33]
liver damage and increased risk of fibrosis . Notably, in
NAFLD patients, the MBOAT7 rs641738 polymorphism
has been associated with HCC, particularly in non[28]
cirrhotic individuals .
Very recently, the rs72613567 variant in hydroxy
steroid 17-beta dehydrogenase 13 (HSD17B13), an
uncharacterized member of the hydroxysteroid 17-beta
dehydrogenase family, has been associated with
decreased levels of alanine aminotransferase (ALT), and
with a reduced risk of NASH and fibrosis, suggesting that
this variant allele protects against progression to more
[34]
clinically advanced stages of chronic liver disease .
Notably, homozygosity for the polymorphism determined
an almost 50% reduction of the risk of nonalcoholic
cirrhosis, and the variant was also associated with lower
[34]
odds of HCC . The data just obtained is consistent with
HSD17B13rs72613567 altering mRNA splicing, with
[35]
the synthesis of a truncated protein in human liver .
Actually, HSD17B13 has enzymatic activity against
several bioactive lipid species (e.g., leukotriene B4),
[35]
which may play a role in lipid-mediated inflammation .
Finally, there is one polymorphism deserving
attention in the context of NAFLD genetics even if the
reference gene is not involved in metabolic processes.
The interferon (IFN)-λ3/IFN-λ4 regions participates in
[36]
the regulation of innate immunity . The rs12979860
polymorphism in the IFN-λ3 gene, determining increased
IFN-λ3 production, has been associated with increased
hepatic inflammation and fibrosis in NAFLD patients,
[37]
particularly in non-obese ones .

PURE GENETICS OR COMBINED
(GENETIC/CLINICAL) RISK SCORES IN
THE ASSESSMENT OF NAFLD PATIENTS:
THE EVIDENCE COLLECTED TO DATE
A number of studies has been produced in which
genetic variants, alone (Table 1) or in combination with
clinical variables (Table 2), have been tested for their
capability to predict the presence of NAFLD, NASH,
NASH fibrosis or NAFLD-HCC.
Proof of concept of the additive role of polymorphisms
associated with NAFLD in determining liver damage is
the direct correlation between the number of variants
possessed by single patients and the level of liver
[38,39]
enzymes
. Indeed, by evaluating the PNPLA3
rs738409, TM6SF2 rs58542926 and MBOAT7 rs641738
polymorphisms in a population of 320 NAFLD patients, a
significant increase of serum aspartate aminotransferase
(AST) activity, and a trend for increased ALT and
γ-glutamyl transferase (GGT) levels, were observed with
[38]
the increment of risk alleles . Moreover, a polygenic
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Table 1 Overview of the main studies testing pure genetics risk score in the assessment of non-alcoholic fatty liver disease patients
Ref.

Variables included

Petta et al[53], 2012
Nobili et al[42], 2014

Leon-Mimila et al[43], 2015

Wang et al[40], 2016
Di Costanzo et al[54], 2017

Krawczyk et al[38], 2017

Risk score formula

IL28B rs12979860 CC and
IL28B rs12979860 CC + PNPLA3
PNPLA3 rs738409 GG
rs738409 GG
PNPLA3 rs738409 C>G, SOD2 1/[1+e^ (-0.804-PNPLA3 GG × 1.923 +
rs4880 C>T, KLF6 rs3750861
SOD2 TT × 0.564 + LPIN1 TT × 0.551 G>A and LPIN1 rs13412852
KLF6 AG-AA × 0.324)]
C>T
PNPLA3 rs738409, LYPLAL1
GRS = Sum of at-risk alleles: 0 for
rs12137855, GCKR rs1260326
homozygous for the non-risk allele, 1
and PPP1R3B rs4240624
for heterozygous and 2 for homozygous
for the risk allele
PNPLA3 rs738409 and TM6SF2
Sum of at-risk alleles: 0, 1 or 2
rs58542926
according to the number of minor allele
PNPLA3 rs738409, GCKR
Weighted sum of at-risk alleles
rs1260326 and TM6SF2
rs58542926
PNPLA3 rs738409, TM6SF2
Sum of at-risk alleles
rs58542926 and MBOAT7
rs641738

Larrieta-Carrasco et al[39],
2018

Outcomes
Higher prevalence of moderate-severe lobular
inflammation (P < 0.001) and NASH > 5 (P = 0.02)
AUROC 0.75 (CI: 0.67-0.82, P < 0.0001) per NASH,
cutoff 0.42%-90% sensitivity/36% specificity for
NASH
GRS ≥ 6 increased risk of NAS (OR = 2.55, P =
0.045) compared to those with GRS ≤ 5

OR for NAFLD increase of 1.52 per additional
risk allele
A 3 SNPs weighted genetic score > 0.32: five-fold
increased risk of NAFLD
Association with increasing hepatic fibrosis and
steatosis; increase of serum AST activities (P <
0.0001), trends for increased ALT (P = 0.08) and
GGT (P = 0.07)
9-12 vs 1-4 risk alleles: 65.8% and 48.5% higher
ALT and AST levels

PNPLA3 rs738409, PNPLA3
Polygenic risk score = Sum of at-risk
rs3810622, SAMM50 rs2143571, alleles 0 for homozygous for the nonADPOQ rs17366743, COL13A1 risk allele, 1 for heterozygous and 2 for
rs7101190 and COL13A1
homozygous for the risk allele
rs12277556
Vespasiani-Gentilucci et al[45], PNPLA3 rs738409, TM6SF2
GRS: Sum of at-risk alleles PNPLA3
In healthy subjects: GRS 1-2 vs 0 increases 4-fold
2018
rs58542926, KLF6 rs3750861
CC = 0, CG = 1, GG = 2; TM6SF2 CC =
and GRS 3-4 vs 0 increases 20-fold the risk of
0, CT and TT = 1; KLF6 CC = 0, CT and non-cirrhotic NAFLD; in non-cirrhotic NAFLD:
TT = 1
GRS 3-4 vs 0 increases 4-fold the risk of NASH
cirrhosis
Di Costanzo et al[41], 2018
PNPLA3 rs738409, GCKR
GRS: Sum of at-risk alleles (0-2); wGRS: GRS 3 vs 2 higher in NAFLD (P = 0.001) wGRS >
rs1260326, TM6SF2 rs58542926 Sum of at-risk alleles Beta coefficient
0.28: three fold increased risk of NAFLD
and MBOAT7 rs641738
Koo et al[44], 2018
PNPLA3 rs738409 and TM6SF2 Sum of at-risk alleles: PNPLA3 CC = 0, Prevalence of NASH in NAFLD patients: 28.2% (0
rs58542926
CG = 1, GG =2 TM6SF2 CC = 0, CT and allele), 41.8% (1 allele), 63.7% (2 alleles), 69.2% (3
TT = 1
alleles); risk of NASH: 2.04 OR per risk allele
GRS: Genetic risk score; wGRS: Weighted GRS; PNPLA3: Patatin-like phospholipase domain-containing protein 3; SOD2: Superoxide dismutase 2; KLF6:
Krueppel-like factor 6; LPIN1: Lipin1; AUROC: Area under the receiver operating characteristic curve; CI: Confidence interval; NASH: Non-alcoholic
steatohepatitis; GCKR: Glucokinase regulatory gene; TM6SF2: Transmembrane 6 superfamily member 2; ALT: Alanine aminotransferase; GGT: γ-glutamyl
transferase; NAFLD: Non-alcoholic fatty liver disease; AST: Aspartate aminotransferase; MBOAT7: Membrane bound O-acyltransferase domain containing 7;
SAMM50: Sorting and assembly machinery component 50 homolog; COL13A1: Collagen, type XⅢ, alpha 1.

Much more interestingly, information gained from
genetics has been shown to predict also the risk or
[42-45]
presence of NASH, advanced fibrosis and even HCC
.
[42]
Nobili et al
evaluated the diagnostic accuracy of
a multivariate model based on 4 SNPs, i.e., PNPLA3
rs738409, Krueppel-like factor 6 (KLF6) rs3750861,
superoxide dismutase 2 (SOD2) rs4880 and Lipin1
(LPIN1) rs13412852, to predict the presence of NASH
in 152 children with biopsy-proven NAFLD. The model
significantly predicted NASH [area under the curve
(AUC) = 0.75], performing better than a clinical risk
score based on age, AST levels and diastolic blood
[42]
pressure . Interesting results have been obtained
also in the adult population. When a genetic risk score
based on 4 SNPs, among which PNPLA3 rs738409 and
GCKR rs1260326, was evaluated in a population of 130
morbidly obese Mexican individuals undergoing liver
biopsy at the time of bariatric surgery, it was not able
to predict NASH (AUC = 0.56, P = 0.2), but above a

risk score constructed by summing the number of
risk alleles for 6 different SNPs, among which PNPLA3
rs738409, was strongly associated with ALT levels in a
[39]
study on 178 Mexican NAFLD patients . Combining
genetic information has proved effective also in
[40,41]
predicting the risk of NAFLD
. In a study on 384
ultrasonographically-diagnosed NAFLD patients and an
equal number of controls, an easy score based on the
number of risk alleles for the PNPLA3 rs738409 and
TM6SF2 rs58542926 SNPs, was significantly associated
with the risk of NAFLD, with an average 1.52 increase in
[40]
OR for each additional risk allele . In another work, a
4-SNPs weighted genetic risk score based on the PNPLA3
rs738409, TM6SF2 rs58542926, GCKR rs1260326
and MBOAT7 rs641738 SNPs, was strongly associated
again with ultrasonographically-diagnosed NAFLD
independently from age, gender, body mass index (BMI),
and homeostasis model assessment for insulin resistance
[41]
(HOMAIR) .
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Table 2 Overview of the main studies testing combined genetic/clinical risk score in the assessment of non-alcoholic fatty liver
disease patients
Ref.

Variables included

Kotronen et al[46], 2009

Risk score formula

Outcomes

Clinical and laboratory data
(metabolic syndrome, type 2
diabetes, insulin, AST, AST/ALT
ratio and PNPLA3 rs738409 GG)

NAFLD liver fat score: [-2.89 + 1.18 × metabolic
Independent predictor of NAFLD
syndrome (yes = 1/no = 0) + 0.45 × type 2 diabetes with AUROC of 0.872 ± 0.02 (95%CI:
(yes = 2/no = 0) + 0.15 × fS-insulin (mU/L) + 0.04 0.84-0.91); Addition of rs738409 to the
× fS-AST (U/L) - 0.94 × AST/ALT] and PNPLA3
score improved the accuracy of the
rs738409 GG
prediction by only < 1%.
Francque et al[47], 2012
ALT, fasting levels of C-peptide,
ND
Predictor of NASH with AUROC of 0.8
ultrasound steatosis scores and
Rs738409 correlated with development
PNPLA3 rs738409 genotypes
of NASH but did not add value
Guichelaar et al[55], 2013 PNPLA3 rs738409 G allele, CK-18
Sum of risk factors
82% probability of NASH (all four risk
> 145 IU/ L, Glucose > 100 mg/dL,
factors) vs 9% in their absence
C-reactive protein > 0.8 mg/dL
Hyssalo et al[56], 2014
PNPLA3 genotype, AST, fasting
NASH score: -3.05 + 0.562 × PNPLA3 genotype Finnish cohort NPV 86%, PPV 53% for
insulin
(CC = 1/GC = 2/GG = 3) - 0.0092 × fS-insulin
NASH Italian cohort NPV 74%, PPV
(mU/L) + 0.0023 × AST (IU/L) + 0.0019 × (fS65% for NASH
insulin × AST)
Zhou et al[48], 2016
Glutamate, isoleucine, glycine,
NASH ClinLipMet score: -8.167 + 0.954 × PNPLA3 Identified patients with NASH with an
lysophosphatidylcholine 16:0,
genotype (CC = 1/GC = 2/GG = 3) + 0.0451 ×
AUROC of 0.866 (95%CI: 0.820-0.913)
phosphoethanolamine 40:6, AST,
AST (IU/L) + 0.0667 × fS12 insulin (mU/L) and fasting insulin and
3.151× log10(LysoPC(16:0)) (μmol/L) + 2.617 ×
log10(PE(40:6)) (μmol/L) + 2.357 × 13 log10(Glu)
(μmol/L) + 7.813 × log10(Ile) (μmol/L) - 6.102 ×
log10(Gly) (μmol/L)
Donati et al[28], 2017
PNPLA3rs738409 genotypes
HCC risk score: 1/{1 + e-[(-12.588 + (0.162 × age) Identified patients with HCC with an
PNPLA3 rs738409, TM6SF2
+ (0.404 × sex: 1 if male, -1 if female) + (0.259 × AUROC of 0.96 ± 0.04 (96% sensitivity,
rs58542926 and MBOAT7 rs641738, obesity: 1 present, -1absent) + (0.587 × T2DM: 1
89% specificity)
age, sex, obesity, type 2 diabetes, present,-1 absent) + (1.299 × severe fibrosis: 1 yes,
severe fibrosis
-1 no) + (0.442 × number of risk alleles)]}
PNPLA3: Patatin-like phospholipase domain-containing protein 3; AUROC: Area under the receiver operating characteristic curve; CI: Confidence interval;
NASH: Non-alcoholic steatohepatitis; TM6SF2: Transmembrane 6 superfamily member 2; ALT: Alanine aminotransferase; GGT: γ-glutamyl transferase;
NAFLD: Non-alcoholic fatty liver disease; AST: Aspartate aminotransferase; MBOAT7: Membrane bound O-acyltransferase domain containing 7; HCC:
Hepatocellular carcinoma; NPV: Negative predictive value; PPV: Positive predictive value.

specific threshold it was associated with a significant
increase in the risk of NASH itself [odd ratio (OR) =
[43]
2.55, P < 0.05] . In a population of 416 biopsy-proven
[44]
NAFLD patients, Koo et al
constructed a genetic risk
score by counting risk alleles for PNPLA3 rs738409
(by coding 0, 1 and 2 for CC, CG and GG genotypes,
respectively) and TM6SF2 rs58542926 (by coding 0
and 1 for CC and CT/TT genotypes, respectively. The
genetic risk score was significantly associated with the
risk of NASH (OR approximately 2 per risk allele) and
[44]
fibrosis ≥ F2 (OR approximately 2 per risk allele) .
Recently, we evaluated a series of NAFLD patients with
a large component of NASH-cirrhotics and, consistent
with the associations in baseline statistics, we selected
3 polymorphisms to build a genetic risk score (PNPLA3
rs738409, TM6SF2 rs58542926 and Kruppel-like factor6
[45]
-KLF6- rs3750861) . Notably, when compared to a
score of 0, a genetic risk score ≥ 3 almost quadrupled
[45]
the risk of NASH cirrhosis in NAFLD patients . Lastly,
[28]
Donati et al
evaluated a population of 132 patients
with NAFLD-HCC and reported a significant association
between the number of risk alleles, among PNPLA3
rs738409, TM6SF2 rs58542926 and MBOAT7 rs641738
SNPs, and the risk of HCC (OR per allele approximately
1.6).
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Although all these results appear encouraging, the
overall experience suggests that the value of utilizing
genetic variants for improving diagnostic accuracy in the
[46]
context of NAFLD is still inconclusive. Kotronen et al
evaluated the accuracy of a NAFLD liver fat score, built
by multivariate logistic regression analyses and including
the diagnosis of metabolic syndrome and T2DM plus
insulin, AST and ALT levels, to predict liver fat content as
evaluated by proton magnetic resonance spectroscopy.
The score displayed a sensitivity of 86% and a specificity
of 71% in the prediction of increased liver fat content;
however, when the genetic information constituted by
the PNPLA3 rs738409 genotype was included in the
[46]
model, the prediction accuracy improved by only 1% .
[47]
A similar result was obtained by Francque et al , who
reported that the PNPLA3 variant was significantly
associated with NASH but did not increase the diagnostic
accuracy of a model based on routine clinical parameters.
[48]
More positive are the results reported by Zhou et al ,
who created the NASH ClinLipMet Score by combining
plasma metabolites (glutamate, isoleucine, glycine, etc),
routine biochemical test (AST, fasting insulin) and the
PNPLA3 rs738409 genotype, and demonstrated its good
diagnostic accuracy for the diagnosis of NASH (AUC
approximately 0.87).
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other half has acquired determinants. Moreover, in
these 50% of genetic predisposition included are both:
the few well-known polymorphisms responsible for a
strong variance, (i.e., approximately 5% in the case
[18]
of PNPLA3 rs738409 ), as well as a number of other
polymorphisms, individually responsible for a much lower
variance, which remain unknown due to the fact that
they do not reach a genome-wide significance. Finally,
very rare variants with a strong phenotypic impact
may be the principal driver in specific cases. Hopefully,
focusing on relevant outcomes, i.e., advanced fibrosis,
cirrhosis decompensation or liver-related death, we will
probably observe an increase of the variance attributable
at least to some of the polymorphisms already known.
For example, if approximately 5% of the variance in
hepatic fat content has been attributed to PNPLA3
[18]
rs738409 , it seems probable that a much higher
percentage of variance will be attributed to this same
polymorphism with respect to the evolution to NASHcirrhosis and NAFLD-related HCC. Indeed, while the
prevalence of homozygosity for the mutated PNPLA3
allele is about 5% in the general population and 15%-20%
in NAFLD patients, it goes up to 30%-50%, according
to the different series, in patients with NASH-cirrhosis
[19,28,49]
or NAFLD-related HCC
, suggesting that the
variant is even more important for the physiopathologic
mechanisms involved in disease evolution than in disease
development.
Another central issue to consider when approaching
this field is the large gene-environment interaction.
Indeed, soon after the discovery of the PNPLA3 variant,
it was demonstrated that its effect was strongly
[50]
amplified in subjects with obesity . More recently,
[51]
Stender et al
comprehensively evaluated this aspect
again for PNPLA3 and for other two polymorphisms,
i.e., TM6SF2 rs58542926 and GCKR rs1260326, and
demonstrated that adiposity significantly potentiates
the effect of these three variants, suggesting that the
synergy between adiposity and genetics can promote
the full spectrum of NAFLD, from steatosis to NASH and
cirrhosis. Notably, in adolescents, a significant interaction
has been described between the PNPLA3 variant and
dietary components, in particular intake of sweetened
[52]
beverages, with respect to steatosis severity .
Considering this strong gene-environment interaction,
pure genetic scores are not likely to reach a sufficient
predictive power, while combined genetic/clinical
ones, including variables which have been consistently
associated with disease severity, i.e., age, BMI and
T2DM, will more probably reach this goal.
Altogether, we hope that combined genetic/clinical
scores, derived from longitudinal studies and built on a
few strong genetic variants and relevant clinical variables,
will reach a significant predictive power, such as to have
clinical utility for risk stratification at the single patient
level. This kind of scores may have also the advantage
to be dynamic, modifying with the variation of clinical
variables over time, and permitting to esteem the impact

THE FUTURE OF GENETICS IN
THE ASSESSMENT OF NAFLD
PATIENTS: HOW TO FAVOR CLINICAL
TRANSLATION?
As discussed, in the last years, a number of genetic
variants have been associated with NAFLD and, more
recently, there have been also attempts to combine
them in pure genetic or combined genetic/clinical scores.
However, to date, clinical translation has been poor or
absent.
First of all, we need to make order. Almost all the
studies produced to date presented a cross-sectional
design and were aimed to evaluate either the increase of
the risk or the implementation of diagnostic accuracy for
the different NAFLD-related outcomes determined by the
presence of a specific polymorphism or a combination
of more of them. In the first case, demonstrating that a
polymorphism is associated with a statistically significant
increase of the risk of NAFLD, NASH, NASH-fibrosis or
NAFLD-HCC does not mean giving concrete predictive
information of clinical utility for the single patient. In the
second case, proving that the addiction of one or more
variants to a model increase its diagnostic accuracy for
an outcome which has already occurred means using
the genetic information equally to any other clinical or
biochemical one. Although this could be of aid, it is not
exactly the best we can gain from genetics. Indeed,
unlike classical risk prediction, genetic risk prediction
is highly stable over time and can be performed on
a much longer time scale. Therefore, the risk can be
stratified even before the disease occurs or progress,
allowing monitoring and interventions to be started at an
early age. However, for this aim, data should be clearly
obtained from longitudinal studies.
Secondly, we need to focus on relevant outcomes.
It seems difficult that a variant which is associated only
with the risk of NAFLD, and not with that of its fibrotic
evolution, deserves clinical translation. Indeed, genetic
or combined risk scores are not expected to be applied
at a general population level to predict the risk of NAFLD;
rather, they are clearly awaited with the aim to help
stratifying the risk of disease progression in patients
already diagnosed with NAFLD. In this context, we are
favored by the fact that most of the variants which
have been initially associated with liver fat content, i.e.,
PNPLA3 rs738409, TM6SF2 rs58542926, and MBOAT7
rs641738, have been concurrently or subsequently
[16,17,23,28,32]
associated also with NASH and fibrosis
. This
is consistent with the almost 80% shared heritability
which has been described between hepatic fat content
[15]
and fibrosis , and confirms that fat accumulation is an
important driver of disease progression.
The evidence produced has also taught us what
we should expect from genetics in terms of prediction.
Indeed, while approximately half of hepatic fat content
[15-18]
variability is explained by genetic factors
, the
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Figure 2 Combined genetic/clinical risk score built through a few strong gene variants and relevant clinical variables. Genetic background and sex
(unmodifiable), age (progressive), the components of metabolic syndrome (with diabetes in a pre-eminent position-modifiable-) could be weighed and combined to
make up an individual risk score. This type of score can have the advantage of being dynamic, changing as the clinical conditions change over time, and allowing to
estimate the impact of intervention strategies on the onset/outcomes of the disease. In the first column, patient A has an unfavorable genetic background; he is 20
years old, he is normal weighted, and he is not diabetic. The risk score changes when he is in his 60s, is lightly overweight and with reduced glucose tolerance (column
A’). In column A’’, the same patient in his 60s but has made efforts to stay lean and with a better glycemic metabolism (intervention). Column B and B’ represent the
score of a patient who has an unfavorable genetic background; he is in his 40s, he is obese and he has impaired glucose metabolism. The risk score changes when
he is in his 70s but made efforts to stay lean and with a slightly better glucose tolerance (intervention strategy). Column C represents the individual score of a patient
with a favorable genetic background combined with with overweight and diabetes as protagonists. CIRR: Cirrhosis; GENE: Genetic background; HCC: Hepatocellular
carcinoma; MS: Metabolic syndrome; NAFL: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis.

for their accuracy to diagnose NASH and/or significant
fibrosis and, mainly, be evaluated with respect to their
capability to predict fibrosis progression and adverse
outcomes. Finally, verifying the accuracy of the scores to
predict the impact of specific interventions in the active
arm of the same trials seems particularly intriguing (Table
3). Well-structured future studies would demonstrate if
this vision can become a reality.

Table 3 Primary and secondary objectives for which
combined genetic/clinical scores are expected in the field of
non-alcoholic fatty liver disease
Primary objectives

Prediction of hard outcomes (cirrhosis
decompensation, hepatocellular carcinoma, liver
transplantation)
Prediction of fibrosis progression
Secondary objectives Complementary instruments for the diagnosis of
NASH and/or advanced fibrosis
Prediction of response to lifestyle interventions
Prediction of response to pharmacologic
interventions

CONCLUSION
In the last years, many genetic variants have demon
strated a central role in NAFLD development and
evolution, and have even helped us to understand
important steps in NAFLD physiopathology. This evidence
suggests that genetics should be included in combined
predictive models which, together with relevant clinical
variables, would help to stratify the risk at the single
patient level and, finally, to orient medical care and
resources in the NAFLD epidemic. All that we have done
has not brought us to the goal yet, but it seems to have
placed us on the right path.

NASH: Non-alcoholic steatohepatitis.

of intervention on the risk of disease-related outcomes
(Figure 2). Adequate patient populations from which to
draw with the aim to construct these models could be
those in the placebo-arm of clinical trials with the news
drugs tested for their efficacy in NASH. Indeed, in these
studies, patients are assessed with histology at baseline,
when DNA for the genetic information is frequently
collected, and re-evaluated over time, in some cases with
long follow-up focused on hard outcomes further than on
fibrosis evolution over time. The scores created by this
way could therefore be tested against baseline histology
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Abstract
This review aims to outline the most up-to-date know
ledge of pancreatic adenocarcinoma risk, diagnostics,
treatment and outcomes, while identifying gaps that
aim to stimulate further research in this understudied
malignancy. Pancreatic adenocarcinoma is a lethal
condition with a rising incidence, predicted to become
the second leading cause of cancer death in some
regions. It often presents at an advanced stage, which
contributes to poor five-year survival rates of 2%-9%,
ranking firmly last amongst all cancer sites in terms of
prognostic outcomes for patients. Better understanding
of the risk factors and symptoms associated with this
disease is essential to inform both health professionals
and the general population of potential preventive
and/or early detection measures. The identification of
high-risk patients who could benefit from screening
to detect pre-malignant conditions such as pancreatic
intraepithelial neoplasia, intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms is urgently
required, however an acceptable screening test has
yet to be identified. The management of pancreatic
adenocarcinoma is evolving, with the introduction
of new surgical techniques and medical therapies
such as laparoscopic techniques and neo-adjuvant
chemoradiotherapy, however this has only led to modest
improvements in outcomes. The identification of novel
biomarkers is desirable to move towards a precision
medicine era, where pancreatic cancer therapy can be
tailored to the individual patient, while unnecessary
treatments that have negative consequences on quality
of life could be prevented for others. Research efforts
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must also focus on the development of new agents
and delivery systems. Overall, considerable progress
is required to reduce the burden associated with
pancreatic cancer. Recent, renewed efforts to fund large
consortia and research into pancreatic adenocarcinoma
are welcomed, but further streams will be necessary to
facilitate the momentum needed to bring breakthroughs
seen for other cancer sites.

will be 458918 diagnoses and 432242 deaths from
[1]
pancreatic cancer globally in 2018 . The incidence rates
vary significantly between countries, as demonstrated
in Figure 1. The highest age-standardised incidence
is seen in Europe and North America, and the lowest
[2]
in Africa and South Central Asia . There is a general
trend of higher incidence rates in developed countries
compared to developing countries and this is supported
[3]
by Wong et al who demonstrated that in higher human
development index countries there are higher incidences
of pancreatic cancer in both males and females.
A major concern is that the incidence of pancreatic
cancer is increasing in the Western world. One example
[4]
of this is a study performed by Saad et al using data
from the United States Surveillance, Epidemiology, and
End Results Program (SEER) which found that, between
1973 and 2014, the age-standardised incidence rates
of pancreatic cancer have increased by 1.03% per year.
This translates to pancreatic cancer being predicted to
th
nd
rise from being the 4 to the 2 most common cause of
[5,6]
cancer-related death in the United States by 2030 .
The large disparities in pancreatic cancer incidence
between countries also suggest that environmental
factors play a significant role as risk factors for the
disease, and these are discussed below.

Key words: Pancreatic cancer; Pancreatic adenocarci
noma; Pancreatic cancer risk factors; Pancreatic cancer
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Core tip: The incidence of pancreatic adenocarcinoma
is rising in the developed world and modifiable life
style factors such as alcohol and obesity may play an
important role in this. The five-year survival from this
disease is as low as 2% in some countries, despite
improvement in surgical technique, chemotherapy
regimens and the introduction of neo-adjuvant
chemoradiotherapy. The poor outcomes are largely due
to the late presentation of the disease and therefore the
detection of early tumours or premalignant conditions
is essential for treatment to be initiated early. The
optimum screening test is however yet to be identified.
Given the poor outcomes and current gaps in knowledge
surrounding this malignant process, further research is
essential to understand this disease better, enable early
diagnosis and improve survival.

RISK FACTORS
Due to the relatively low incidence and poor survival
of pancreatic cancer, the risk factors associated with
the development of this disease have historically been
investigated using case-control studies. Unfortunately,
these study designs do have weaknesses including
selection bias and recall bias. Consortia pooling data from
multiple cohort studies are needed to overcome sample
size issues in prospective studies, and these have been
published more frequently in recent years. The best
available evidence is presented below in the sections
divided into non-modifiable and modifiable risk factors
and the evidence behind the latter is summarised in
[7-26]
Table 1
. There is also some preliminary evidence that
some of these lifestyle factors can influence survival, but
[7,8]
this is an area that requires further research .
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INTRODUCTION
Pancreatic adenocarcinoma is a lethal condition with
poor outcomes and an increasing incidence. This review
presents the most up to date knowledge on the incidence,
outcomes, risk factors, pathogenesis, diagnostics,
investigated biomarkers and treatments available to
pancreatic adenocarcinoma patients. This review focuses
on pancreatic adenocarcinoma where possible, however in
some places where the general term “pancreatic cancer”
is used, it should be assumed that the majority of cases
are pancreatic ductal adenocarcinomas.

NON-MODIFIABLE RISK FACTORS
Age

Pancreatic cancer is typically a disease of the elderly. It
is extremely rare for patients to be diagnosed before
the age of 30, and 90% of newly diagnosed patients are
th
aged over 55 years of age, with the majority in their 7
th
[9,10]
and 8 decade of life
. The age at which the incidence
peaks varies between countries. In India, for example,
there is a peak in incidence in patients in their sixth
decade of life whereas the in the United States this is the
[9]
seventh decade of life .

INCIDENCE
th

Pancreatic cancer is ranked as the 14 most common
th
cancer and the 7 highest cause of cancer mortality
in the world. Globocan estimates revealed that there
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Figure 1 Diagram of incidence of pancreatic cancer in both sexes throughout the world Adapted from Globocan[1] 2018.

in males than females (Age-standardised rate 5.5 in
[1]
males compared to 4.0 in females) . This disparity
appears to be greater in higher development index
[7]
countries . Despite the sex difference, a systematic
review of 15 studies concluded that reproductive factors
[11]
were not associated with pancreatic cancer in women .
These findings point towards differing exposures
in environmental or genetic factors as alternative
explanations for the male predominance.

blood group O, patients with blood group A (HR: 1.32,
95%CI: 1.02-1.72), AB (HR: 1.51, 95%CI: 1.02-2.23),
or B (HR: 1.72, 95%CI: 1.25-2.38) were at a significantly
higher risk of developing pancreatic adenocarcinoma.
Results from the Pancreatic Cancer Cohort Consortium
which combined data from 12 prospective cohort
[16]
studies was in agreement with these findings . The
proposed mechanisms behind this include alterations in
glycosyltransferase specificity and the host inflammatory
[15]
state across the different ABO blood groups

Ethnicity

Gut Microbiota

Within the United States, a 50%-90% increased risk
of pancreatic cancer in African-Americans compared to
Caucasians has been reported, while incidence rates
[9]
are lowest in Pacific Islanders and Asian-Americans .
The higher incidence rates within the African-American
population is proposed to be linked to a greater exposure
to other risk factors for pancreatic cancer, such as
cigarette smoking, alcohol consumption, elevated body
[12]
mass index and higher incidence of diabetes , but
there is also evidence for underlying genetic or gene
environment interactions to explain at least some of
the observed differences in incidence between ethnic
[13,14]
groups
.

Multiple studies have been performed examining the
role of gut microbiota in pancreatic cancer. A systematic
[17]
review by Memba et al demonstrated that lower levels
of Neisseria elongate and Streptococcus mitis, and higher
levels of Porphyromonas gingivalis and Granulicatella
adiacens are associated with an increased risk of
pancreatic cancer. However, further studies are needed
to validate these findings and also to establish if targeted
treatment is a therapeutic possibility.

Family history and genetic susceptibility

Pancreatic cancer is considered to be familial if two
or more first degree relatives have previously been
diagnosed with the disease and accounts for 5%-10%
[27]
of new cases . Patients with familial risk factors have
a nine times higher risk of developing pancreatic cancer
than those with no family history, and this increases to a
thirty-two times greater risk if three or more first degree
[28]
relatives have been previously diagnosed . A metaanalysis of nine studies has also reported that individuals

Blood group

The risk of developing pancreatic adenocarcinoma has
been shown to be associated with different ABO blood
groups in several large epidemiological studies. Wolpin
[15]
et al combined data from the renowned United States
Nurse Health Study and Health Professionals Follow-up
Study, and found that compared to blood patients with
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Table 1 Summary of modifiable risk factors associated with pancreatic cancer
Factor

Direction of
association

Smoking

Positive

Strength of association

Type of studies
conducted

Related notable findings

Ref.

Strong association; 74% increased risk
in current smokers; 20% increased risk
in former smokers
Mixed between
Various; 15%-43% increased risk in
no association and
meta-analysis
positive

Alcohol

Obesity

Positive

Dietary factors

Variable

Helicobacter pylori

Positive

Case-control, cohort, Dose responsive; risk remains 10-20 [18-20]
nested case-control
yr following smoking cessation
studies
Meta-analysis of cohort Dose responsive; sex dependent; [9,21-24]
studies
Increased risk in spirit drinkers;
link with chronic pancreatitis which
is a risk factor for pancreatic cancer
10% increased risk for every 5 BMI
Cohort studies
Link with Type 2 diabetes which
[25]
units
is associated with increased risk of
pancreatic cancer
Non-significant positive association for
Cohort studies
Overall consensus cannot be made
[25]
red meat; 17% increased risk associated
and further research is required
with 50 g/d of processed meat
consumption compared to 20 g/d
45% increased risk
Meta-analysis of caseSignificant publication bias and
[26]
control studies
small numbers included therefore
further studies are required

BMI: Body mass index.

with a family history of pancreatic cancer were only one
first degree relative has been diagnosed with pancreatic
cancer, still have an 80% increased risk of developing
pancreatic adenocarcinoma (RR: 1.8, 95%CI: 1.48-2.12)
compared with individuals with no reported family
[29]
history .
This points towards a strong genetic susceptibility for
pancreatic cancer in a subgroup of affected patients. In
familial pancreatic cancer, the risk rises exponentially with
the number of first degree relatives affected and BRCA2
and PALB are the most commonly implicated mutations
[2,9]
in this cohort . Specific syndromes are also associated
with an increased risk of pancreatic cancer compared to
the general population. These are summarised in Table
[30,31]
2
.

strongly positive association. The Panc4 study combined
data from 12 case-control studies of which there were
6507 cancer cases and 12890 controls. The results
demonstrated a dose responsive significantly increased
[18]
risk of pancreatic cancer in ever smokers . A metaanalysis of 82 published studies found that there is
a 74% increased risk of pancreatic cancer in current
(OR: 1.74, 95%CI: 1.61-1.87) and a 20% increased
risk in former smokers (OR: 1.20, 95%CI: 1.11-1.29)
[19]
compared to never smokers . This study also found
that following smoking cessation the risk remains for at
[19]
least 10 years
while others have shown it may take
up to 20 years following smoking cessation for the risk
[9]
to return to baseline . The Pancreatic Cancer Cohort
Consortium has reported similar findings, and also found
the risk increased with both duration of smoking (> 50
years OR: 2.13, 95%CI: 1.25-3.62) and number of
cigarettes smoked (> 30 cigarettes/d, OR: 1.75, 95%CI:
[20]
1.27-2.42) .
A novel area for future research remains unan
swered in relation to e-cigarettes and pancreas health.
E-cigarettes deliver heated nicotine, but fewer chemicals
than tobacco smoking, and have generally been
promoted as safer (but not necessarily safe) alternatives
[35]
to traditional cigarettes . New studies are required to
determine the risk/benefit balance of e-cigarettes as an
exposure with unknown carcinogenic potential, or as a
helpful smoking cessation tool contributing to pancreatic
[35]
cancer prevention .

Diabetes

Diabetes is a well-established risk factor for pancreatic
[32]
cancer. Stevens et al performed a meta-analysis which
demonstrated that the risk of pancreatic cancer was
twice that in patients with type one diabetes compared
to those without this condition (RR: 2.00, 95%CI:
1.37-3.01). Another comprehensive meta-analysis of
36 studies also demonstrated a similar magnitude of
increased risk of pancreatic cancer in patients with type-2
[33]
diabetes (OR: 1.82 95%CI: 1.66-1.89) . However, it
must be noted that although diabetes is a risk factor,
pancreatic cancer can also manifest itself as new onset of
diabetes. This has led to interest in HbA1c as a potential
[34]
biomarker of early detection in pancreatic cancer .

Alcohol

Multiple studies have investigated the impact of
alcohol consumption on the development of pancreatic
[9,21,22]
cancer but thus far results have been mixed
. A
pooled analysis of 14 cohort studies with 2187 cases
of pancreatic cancer found an increased risk when
patients consumed > 30 g of alcohol per day (RR: 1.22,

MODIFIABLE RISK FACTORS
Smoking

Cigarette smoking is considered the most important
modifiable risk factor in pancreatic cancer with multiple
individual and combined studies demonstrating a
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Table 2 Range of increased relative risk of pancreatic cancer associated with specific syndromes as summarised by Chen et al
[31]
Del Chiaro et al
Gene

Chen et al
Hereditary breast and ovarian cancer

[30]

2.2-5.9
1.6-4.7
76.2-139.0
53-87
14.8-80.0
0.0-10.7

Peutz-Jeghers syndrome
Hereditary pancreatitis
Familial atypical multiple mole melanoma
Hereditary nonpolyposis colorectal cancer

[23]

Del Chiaro et al

[31]

132.0
50-70
34-39
4.7

obesity is a major factor for the increasing incidence of
pancreatic cancer in the developed world. There have
been large public health campaigns around some of
the other major lifestyle with a subsequent decrease
in alcohol consumption and cigarette smoking. Similar
campaigns need to focus on educating the public on the
health risks associated with obesity.

95%CI: 1.03-1.45) . The most recent meta-analysis
found that low and moderate alcohol consumption was
not associated with pancreatic cancer risk, however, in
those with a high alcohol consumption there was a 15%
increased risk of pancreatic cancer (RR: 1.15, 95%CI:
[24]
1.06-1.25; P = 0.001) . This increased risk was
strongest in heavy male drinkers and heavy drinkers of
[24]
spirits .
Excessive alcohol consumption is also the main cause
of chronic pancreatitis, which is a known risk factor for
pancreatic cancer and therefore alcohol in this setting is a
[36]
risk factor for pancreatic cancer .

Dietary factors

Table 3 provides a concise review of the impacts of diet
and nutrition on the risk of pancreatic cancer according
to the World Cancer Research Fund global report. There
is limited suggestive evidence that red and processed
meat consumption are association with pancreas cancer
development. This is biologically plausible given that
excessive consumption of red and processed meat has
been shown to potentially cause DNA damage and
the formation of carcinogens such as N-nitroso com
[25]
pounds . Other dietary factors with limited suggestive
evidence in pancreatic cancer aetiology include foods
and beverages containing fructose, or foods containing
saturated fatty acids; while no conclusions could be made
with regards to other dietary exposures. This reflects the
difficulties in nutritional epidemiology and appropriate
study designs for investigating pancreatic cancer risk.

Chronic pancreatitis

Chronic pancreatitis is a progressive inflammatory
condition of the pancreas leading to fibrosis and loss
of acinar and islet cells. Significant variety exists in
the reported incidence of this disease, ranging from
[37]
2-14/100000 of the United States population . Approxi
mately 5% of these patients will develop pancreatic
[38]
cancer a during their lifetime . Pooled results from
seven studies investigating chronic pancreatitis and found
significantly 13-fold higher risk of pancreatic cancer (RR:
13.3, 95%CI: 6.1-28.9) in these patients, compared
[38]
with the general population or controls . The relatively
low incidence and greater risk infers that of chronic
pancreatitis patients could be a potential target group
for pancreas cancer screening, if an effective test can be
found and long latency period accounted for.

Infection

The relationship between several infections and pancreatic
cancer has also been investigated, with increased risks
[26]
observed in patients with Helicobacter pylori (H-pylori)
[39]
or hepatitis C infections . Further studies are necessary
[26]
to strengthen these findings . The potential association
for H-pylori raises interesting speculation about H-pylori
eradication (intended to reduce gastric cancer risk) having
potentially negative consequences for increasing pancreas
cancer incidence, as has been noted for oesophageal
[40]
adenocarcinoma trends .

Obesity

The worldwide prevalence of obesity is increasing with
an estimated 1.97 billion adults and 338 million children
and adolescents categorised worldwide as overweight or
[25]
obese in 2016 . The World Cancer Research Fund in the
pancreatic cancer report from 2012 identified 23 studies
which assessed for an association between a raised
body mass index (BMI) and pancreatic cancer. Nineteen
of these individual studies reported an increased risk
of pancreatic cancer in obese patients and in the metaanalysis performed of these studies there was a 10%
increased risk of pancreatic cancer for every 5 BMI units
(RR: 1.10, 95%CI: 1.07-1.14) with no difference in
[25]
outcomes between males and females .
Given the strength of the evidence linking obesity to
pancreatic cancer, it is likely that the rising incidence of
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Increase relative risk vs general population

Syndrome

BRCA2
BRCA1
STK11
PRSS1
CDKN2A
MMR

[30]

Outcome

The worldwide 5-year survival rate for pancreatic cancer
patients is approximately 6%, but this ranges from 2%
[2,41,42]
to 9% in published literature
. Factors that impact on
survival include age, sex, quality of healthcare available,
presence of co-morbidities and lifestyle habits and some
of these account for the difference in survival rates
between countries. However, the main factor influencing
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Table 3 Summary of impact of dietary factors, nutrition and physical activity on pancreatic cancer risk
Diet, nutrition, physical activity and pancreatic cancer
Decreases risk
Strong evidence
Limited evidence

Convincing
Probable
Limited - suggestive

Limited - no conclusion

Strong evidence

Increases risk

Body fatness
Adult attained height
Red meat, Processed meat; alcoholic drinks (heavier
drinking); foods and beverages containing fructose; foods
containing saturated fatty acids
Physical activity; fruits; vegetables; folate; fish; eggs; tea; soft drinks; coffee; carbohydrates;
sucrose; glycaemic index; glycaemic load; total fat; monounsaturated fat; polyunsaturated
fats; dietary cholesterol; vitamin C; and multivitamin/mineral supplements

Substantial effect on risk unlikely

Adapted from World Cancer Research Fund Continuous Update Project[25].

disease outcome is the tumour stage at the time of
[43]
diagnosis . Unfortunately pancreatic cancer often
presents late and only 20% of patients with pancreatic
cancer have surgically resectable disease at time of
[2,43]
presentation
. In patients who are able to undergo
successful surgical resection, 5-year survival is quoted
as 27% whereas if the patient has locally advanced or
metastatic disease the median survival is six to eleven
[44]
months and two and six months respectively . Despite
advances in surgical and medical treatment of pancreatic
cancer there has been a minimal improvement in the
5-year survival rates. For example, population-based
Northern Ireland cancer registry data revealed minimal
improvements in five-year survival from 2.5% to 5.2%
in cases diagnosed between 1993-1999 compared with
[45]
2005-2009 . The rising incidence and ongoing poor
survival figures highlight the need to identify methods
of screening patients at high risk, develop methods of
early detection and improve both surgical and medical
management of these patients.

PATHOGENESIS
Pancreatic adenocarcinoma develops following a series
of step-wise mutations from normal mucosa (Figure
2A) to specific precursor lesions and ultimately invasive
[53]
malignancy . The three best characterised precursors
of this malignancy are pancreatic intraepithelial neoplasia
(PanIN), intraductal papillary mucinous neoplasms
[54]
(IPMN) and mucinous cystic neoplasms (MCN) . Each
of these has unique clinical, pathological and molecular
characteristics.

PanIN

Pancreatic intraepithelial neoplasia is a non-invasive
microscopic lesion that occurs in the small (usually less
than 0.5 cm) pancreatic ducts. It has been proposed that
PanIN may have a role in the development of localised
pancreatitis and that the resultant epithelial injury and
repair cycles may further propagate the neoplastic
[55]
process . These lesions were first categorised in 2001
and initially graded from 1-3, reflecting progressive
[56]
neoplastic morphological changes . More recently there
has been a move to simplify the classification using a
two-tiered system, with the suggestion that the historical
grades of 1a/1b and 2 be classified as low grade PanIN
(Figure 2B), and the original PanIN 3 revised to high
[57]
grade (Figure 2C) .
A recent microsimulation model, using the original
PanIN classification, has sought to shed further light
on the natural history of these lesions. Based on this
model, the authors estimate an overall chance of 1.5%
for men and 1.3% for women progressing from PanIN
1 to detectable pancreatic adenocarcinoma over their
[58]
lifetime . It was also estimated that it will take 11.3
years for men and 12.3 years for women to transform
[58]
from PanIN 3 to pancreatic adenocarcinoma . This
represents a possible window for screening prior to the
development of invasive malignancy as will be discussed
later.

PATHOLOGY OF PANCREATIC CANCER
Pancreatic adenocarcinoma and its variants account
[46]
for 90% of all pancreatic carcinomas . This section
will briefly outline the pathology of pancreatic adeno
carcinoma, its variants and precursor lesions. Nonductal tumours such as acinar cell carcinomas and
neuroendocrine neoplasms will not be discussed here
[47]
and for this, readers are directed elsewhere .
Approximately 60%-70% of pancreatic adenocar
cinomas arise in the head of the pancreas with the
remainder being found in the body (15%) and tail
(15%). At the time of diagnosis most pancreatic adeno
carcinomas have already spread beyond the pancreas
[48]
and nodal metastases are not uncommon .
Morphological variants of pancreatic adenocarcinoma,
recognised in the World Health Organisation classification
of pancreatic tumours have different histological features
compared to conventional pancreatic adenocarcinomas.
These variants also differ in terms of prognosis and may
[49-52]
have a different molecular signature
. The main
variants of pancreatic adenocarcinomas are presented in
Table 4.
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IPMNs are also well recognised as precursor lesions for
[59]
pancreatic cancer . They represent a broad group of
pathology, being mainly classified as arising from the
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[52]

Table 4 Summary of the different subtypes of pancreatic ductal adenocarcinoma
Morphological Variant
Adenosquamous carcinoma
Colloid/mucinous carcinoma
Undifferentiated/anaplastic carcinoma

Signet ring cell carcinoma

Medullary carcinoma
Hepatoid carcinoma

Characteristics
Significant components of ductal/glandular and squamous differentiation (at least 30%). Considered to have a
worse prognosis than pancreatic adenocarcinoma.
Production of copious amounts of extracellular stromal mucin. Most arise in association with intraductal
papillary mucinous neoplasms; thought to have more favourable prognosis than pancreatic adenocarcinoma
Minimal or no differentiation; highly atypical cells which may appear spindle shaped or sarcomatoid, often
admixed with osteoclast-like giant cells. One of the most aggressive forms of pancreatic cancer with extremely
poor survival rates
Discohesive, singly invasive cells with intracytoplasmic mucin that may displace the nucleus. Similar tumours
throughout the gastrointestinal tract. Very rare form of pancreatic cancer with prognosis similar to that of
pancreatic adenocarcinoma
Syncytial arrangement of pleomorphic epithelial cells with associated intratumoral lymphoid infiltrate.
Prognosis is slightly better than pancreatic adenocarcinoma
Morphological similarity to hepatocellular carcinoma. May produce bile. Very rare tumour with a poor
prognosis similar to that of pancreatic adenocarcinoma

main pancreatic duct or one of the side branches. This
distinction is important as the risk of malignancy is
significantly different. For example, several studies found
malignant cells, including carcinoma in situ, present in
a mean of 70% of resected main duct IPMNs compared
to a mean of 25% of side branch lesions that were
[60]
removed .

studies that show that these lesions have genetic
abnormalities that are common to adjacent pancreatic
adenocarcinoma and the histological progression
of PanIN parallels the accumulation of molecular
[46]
abnormalities . Lower grade PanIN lesions have
mutations in the KRAS oncogene and exhibit telomere
shortening, suggesting these are early changes on the
[64]
pathway to invasive malignancy . Mutations in p16,
CDNK27, p53 and SMAD4 appear later and are present
in higher grade PanIN and pancreatic adenocarcinoma.
The rate of KRAS mutation also increases in relation to
[53,65]
the grade of PanIN
. Abnormalities in notch signalling
and sonic hedgehog pathways have also been implicated
in pancreatic adenocarcinoma development and 80% of
[9,43]
these mutations appear to be sporadic
.
Recent genomic analysis identified 32 recurrently
mutated genes in pancreatic adenocarcinoma and
these were able to be stratified into four sub-groups
namely squamous, pancreatic progenitor, immunogenic
and aberrantly differentiated endocrine exocrine,
each of which has a unique genomic signature which
corresponded to histopathological findings and
[66]
prognosis . The squamous sub-type was associated
with the adenosquamous histological variant of
pancreatic adenocarcinoma and found to carry an
independently poor prognosis. The pancreatic progenitor
group highly expressed transcription factors involved in
determining pancreatic cell lineage. Significant immune
infiltration was found in the immunogenic tumours
and the aberrantly differentiated endocrine exocrine
[66]
tumours were associated with acinar cell carcinomas .
These findings shed further light on the complex and
heterogenous nature of pancreatic cancer and may aid
the development of more targeted, personalised therapy
based on individual tumour biology.
Given that the majority of pancreatic tumours
express androgen receptors (AR), the role of these in the
pathogenesis of this disease has been an area of study
[67-69]
for many years
. Some in vitro and mouse models
have shown reduced cell line proliferation and tumour
[69]
shrinkage with androgen receptor blockade . However,

Mucinous cyst neoplasms

Mucinous cyst neoplasms also represent premalignant
lesions of the pancreas. They account for 25% of
pancreatic cysts undergoing resection and are signifi
[53]
cantly more common in women . A retrospective study
of 163 patients undergoing pancreatic resection for MCN,
[61]
found malignancy in 17.5% of the lesions removed .
Given that 1% of abdominal computed tomography
(CT) scans will identify a cystic lesion of the pancreas,
it is imperative that clear guidelines exist to ensure
the appropriate management of these potentially
[53]
[62]
premalignant abnormalities . European
and
[63]
international
consensus papers have recently been
published and are an important point of reference for
clinicians dealing with these lesions. However, there is a
lack of high-quality population-based studies investigating
all premalignant lesions of the pancreas and future work
is needed to progress our understanding of aetiology,
trends in incidence and factors affecting progression to
malignancy. This is particularly urgent given the known
rise in pancreatic cancer incidence, and that a diagnosis
of PanIN and/or pancreatic cysts represents a potential
opportunity for intervention and patient management
to minimise this risk of progression. On the other hand,
this must be balanced with better understanding of
which patients could be considered low-risk, which could
provide reassurance both to the patient and minimise
unnecessary burden on healthcare systems.

Molecular understanding of pancreatic adenocarcinoma
pathogenesis

PanIN is the most common precursor of pancreatic
adenocarcinoma and this is supported by molecular
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A

B

C

Figure 2 Pathogenesis. A: Normal duct; B: Low grade pancreatic intraepithelial neoplasia (PanIN); C: High grade PanIN.

there is discordance between studies regarding AR
expression in pancreatic adenocarcinoma and its possible
[70]
role in pathogenesis . A retrospective cohort study of 60
patients who underwent pancreatic resection found that
AR expression was not related to the grade of tumour
[70]
or prognosis . The relative lack of robust evidence
prevents any current recommendation that therapies
targeting AR be used in pancreatic adenocarcinoma and
[68,71]
this is another area in need of further study
.

concordance with endoscopic ultrasound (EUS) findings
when used as a one-time screening modality and
[73]
avoids the risk of ionising radiation . However, EUS
has a higher sensitivity for identifying solid pancreatic
lesions, less than 2cm, when compared to CT and
[75]
MRI . EUS is also able to identify worrisome features in
pancreatic cysts and can be combined with fine needle
aspiration cytology to help further characterise these
[73]
lesions . Historically it was felt that PanIN could not
[76]
be reliably identified on imaging . There is, however,
emerging evidence that it may be associated with
lobulocentric atrophy producing similar appearances
[55,77]
to chronic pancreatitis on EUS
. In the high risk
population outlined by the International Cancer of the
Pancreas Screening Consortium group, consensus
was that a combination of EUS and MRI/MRCP are the
recommended imaging modalities for screening in these
[73]
individuals .
Whilst the appropriate population and imaging
modality for screening has been outlined, equipoise
still exists as to the appropriate management of any
identified abnormalities and further study is needed.
A recent meta-analysis of screening programs in
populations at high risk of pancreatic cancer found higher
rates of curative resection and longer median survival
[78]
when compared to controls . These findings are
promising, although must be balanced against the issue
[78]
of heightened anxiety in the screened population .
Whilst general population-based screening is not
recommended, various awareness campaigns have
been established to highlight the often vague symptoms
of pancreatic cancer and encourage individuals to seek
medical attention early. One study highlighted that many
people who were ultimately diagnosed with pancreatic
cancer were falsely reassured by the intermittent nature
[79]
of their symptoms over the preceding months . The
relative rarity of pancreatic cancer also means that many
primary care physicians will only see a case every few
years on average. It is therefore imperative to maintain
awareness among these professionals in order that those
with relevant symptoms are investigated in a timely
and appropriate fashion. A retrospective case-control
study in primary care found that patients sought medical
attention 18 times on average in the period preceding

DIAGNOSIS AND SCREENING
Pancreatic cancer poses a significant diagnostic challenge
and the majority of cases present late, with either locally
advanced or metastatic disease. The reasons for this
are multi-factorial including the non-specific symptoms
associated with the disease and the close proximity of
major blood vessels which can be readily invaded by
[72]
the tumour . These factors mean that 80%-85% of
[43]
tumours are not resectable at the time of presentation .
At present, surgical resection is the only potential cure for
pancreatic cancer, although rates of recurrence are high
with inevitably dismal rates of long-term survival.
Due to the low lifetime risk of pancreatic cancer
(around 1%), population-based screening of unselected
[31,73,74]
populations for this tumour is not recommended
.
The International Cancer of the Pancreas Screening
Consortium, recommends that individuals meeting the
definition of familial pancreatic cancer (outlined in Table
[73]
2) are a potential target for screening . There was
disagreement as to when to begin screening of these
high risk populations, with just over half of the consensus
[73]
group voting that screening should begin at 50 . If
a non-suspicious cyst is found, surveillance should be
repeated every 6-12 mo. Solid lesions, not meeting the
criteria for immediate resection, and main pancreatic
duct strictures should have repeat imaging after three
[73]
months .
Whilst a high-risk population for screening has been
identified, the best diagnostic imaging modalities and
[73]
lesions which should be targeted are less well defined .
Secretin enhanced magnetic resonant imaging (MRI)
and magnetic resonance cholangiopancreatography
(MRCP) have been shown to have a good to excellent
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[80]

their pancreatic cancer diagnosis

.

of pancreatic adenocarcinoma continues, a recent review
concluded that a lack of validated and specific biomarker
[87]
for this disease remains a major challenge .

BIOMARKERS FOR EARLY DETECTION
Investigation of potential biomarkers including liquid
biopsy, to aid in screening, diagnosis, and treatment of
pancreatic cancer has been an area of intense research.
Efforts to detect biomarkers in blood, breath and
pancreatic juice have all been investigated.
Serum cancer antigen 19-9 (CA 19-9) is the only
marker approved by the United States Food and Drug
Administration for use in the routine management of
[81]
pancreatic cancer . The low positive predictive value
of CA19-9 means it has no role in mass screening
of asymptomatic patients and is only appropriate to
monitor response to treatment and as a marker of
[82]
recurrent disease . Mass spectrometry of tumour
tissue metabolites found increased levels of specific
metabolic by-products in early stage pancreatic
adenocarcinoma when compared to controls in a recent
study. There was, however, discordance between the
levels identified from tumour tissue and plasma samples
suggesting further study is required if a blood based
[74]
biomarker is to be developed . More recent studies
into plasma-based metabolite panels have shown more
promise in relation to the early diagnosis of pancreatic
[83]
adenocarcinoma in the general population and in those
with chronic pancreatitis and a higher risk of pancreatic
[84]
adenocarcinoma . The high rate of genetic mutation
associated with pancreatic adenocarcinoma has also led
to the investigation of cell free DNA and tumour cells in
systemic circulation as a screening or diagnostic test.
[84]
Riva et al found that, despite the high rates of KRAS
mutation in pancreatic tumour tissue, concentrations of
circulating tumour cells or cell free DNA did not have the
required level of sensitivity or specificity to enable their
use as screening tests.
Other non-invasive alternatives to blood have been
investigated as mediums for early detection biomarker
research, namely the increased concentration of volatile
organic compounds (VOC) in exhaled air specific. A
recent case-control study found raised levels of VOC in
patients with pancreatic cancer compared to healthy
controls with a sensitivity and specificity of 100% and
[85]
84% respectively . This is another avenue of potential
further study in the development of a non-invasive
biomarker for pancreatic cancer.
The presence of DNA mutations in pancreatic
juice has also been an area of study. Mutant P53 was
found in the pancreatic juice of individuals with PanIN
2-3, intermediate and high grade IPMN and invasive
[86]
malignancy . When next generation sequencing
techniques were used, pancreatic cancer was more likely
to have mutated DNA found in pancreatic juice than
[76]
healthy controls . A small number of patients who
eventually developed invasive malignancy had evidence
of mutated DNA in pancreatic juice samples pre-dating
[76]
any abnormalities identified on imaging .
Whilst the discovery of biomarkers for the diagnosis
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TREATMENT
Surgical resection is the only treatment that offers a
potential cure of pancreatic cancer and the addition of
chemotherapy in the adjuvant setting has been shown to
improve survival rates. There have been some optimistic
results showing a further improvement in survival with
the administration of chemo-radiotherapy in the neoadjuvant setting but further work is needed to identify
which group of patients will benefit the most. The most
up-to-date evidence supporting these treatment options
is presented below.

SURGICAL MANAGEMENT
Pancreatico-duodenectomy (Whipple’s procedure),
distal or total pancreatectomy are the surgical options
for the resection of pancreatic cancer depending on
the anatomical location of the tumour or tumours.
Reorganisation of healthcare services and restriction
of these procedures to high volume centres has
[20]
improved outcomes as surgeons’ expertise increases .
Innovations in technology and operative technique have
sought to further reduce adverse outcomes and improve
survival. The aim of surgical resection is to achieve an
R0 resection as this is associated with a significantly
[88]
improved survival compared to R1 resections . Neoadjuvant treatment and vascular resections have
been employed in an attempt to increase the rate of
microscopic clearance. There is ongoing debate as to
what constitutes an R1 resection with the Union for
International Cancer Control and College of American
Pathologists defining it as microscopic evidence of cancer
cells at the definite resection margin whereas the Royal
College of Pathologists define it as tumour within 1mm of
[89]
the resection margin .

Pre-operative biliary drainage

A significant proportion of patients with pancreatic cancer
present with jaundice. This can have implications with
regards to coagulopathy and increased peri-operative
[90]
infective complications . Traditionally, patients with
obstructive jaundice would have this relieved prior to
resection taking place.
A Cochrane review comparing the outcomes of five
studies investigating pre-operative biliary drainage (4
via percutaneous transhepatic cholangiography and 1
using endoscopic retrograde cholangiopancreatography
(ERCP) found no evidence for or against drainage,
[91]
although the evidence was acknowledged to be poor .
However, a recent multi-centre randomised trial of ERCP
and drainage vs immediate surgery found a higher
rate of peri-operative complications in the drainage
[92]
group . This suggests that a select group of patients
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may do better with expedited surgery rather than biliary
decompression, followed by resection.

morbidity, one or three-year survival in those undergoing
resection of the portal or superior mesenteric vein when
compared to those in whom no vascular intervention
was undertaken. Unsurprisingly, there was an increased
operative time and blood loss recorded in the venous
[101]
resection group
. As stated previously, the lack of
randomisation leaves these studies at risk of selection
bias. However, combined pancreatectomy and venous
resection may have a role in a select group of patients.

Anastomotic technique

A major source of morbidity following Whipple’s pro
cedure is leak from the pancreatic anastomosis and
[93]
formation of a pancreatic fistula . It is possible to
reconstruct the alimentary tract following Whipple’s by
anastomosing the pancreatic remnant to the stomach or
jejunum. A recent Cochrane review found no difference in
outcome when these two techniques were compared to
[94]
each other . Variations in anastomotic technique have
also been described but a recent meta-analysis failed
to demonstrate reduced rates of pancreatic fistula with
the “duct-to-mucosa” anastomosis vs the “invagination”
[94]
technique .

MEDICAL MANAGEMENT
Adjuvant treatment

The use of adjuvant chemotherapy was supported by
the landmark randomised CONKO-001 study which
compared adjuvant gemcitabine after complete surgical
resection against surgery alone. This study demonstrated
a significantly improved median disease free survival
(13.4 mo vs 6.7 mo) and overall survival with a five year
survival of 20.7% vs 10.4% and ten year survival of
[102]
12.2% vs 7.7% . However, despite these promising
results the median overall survival only improved from
[102]
20 to 23 mo (P = 0.01)
Further studies have sought to identify the best
chemotherapy regime. The ESPAC-3 trial demonstrated
that gemcitabine was the chemotherapy agent of
[103]
choice when compared to 5-fluorouracil
. Although
survival outcomes were comparable in both groups, the
[103]
latter was less well tolerated . Due to the success of
dual therapy of capecitabine and gemcitabine in both
[103]
advanced and metastatic disease, Neoptolemos et al
performed the ESPAC-4 trial in patients with resected
disease and found that the median overall survival was
28 mo (95%CI: 23.5-31.5) in dual therapy compared
to 25.5 mo (22.7-27.9) in gemcitabine alone (HR: 0.82,
95%CI: 0.68-0.98; P = 0.032).
Other chemotherapy regime have been studied, for
example, in the PRODIGE24/CCTG randomised clinical
trial which compared the outcomes of gemcitabine or
mFOLFIRONOX (a combination of oxaliplatin, irinotecan,
and leucovorin) in patients with an R1 or R0 resection
[104]
of pancreatic adenocarcinoma
. The results at a
median follow up time of 33.6 mo have shown that
administration of mFOLFIRONOX was associated with
a significantly improved disease-free survival (21.6
mo vs 12.8 mo), and overall survival (54.4 mo vs 35
[105]
mo) compared to gemcitabine
. Administration of
mFOLFIRONOX was associated with a significantly
increased risk of complications although the only death
that occurred was within the gemcitabine treatment
[105]
group . The current standard of care is guided by postoperative fitness and mFOLFIRONOX is used for very fit
patients with tumours of the head, body and tail of the
pancreas whereas in less fit patients dual therapy with
[105]
gemcitabine and capecitabine is given . Single agents
(usually 5-Fu) are used for periampullary tumours as
there is insufficient evidence for the same treatment as
[106]
the previously mentioned tumours .

Minimally invasive surgery

In line with other areas, interest has grown in minimally
invasive techniques for pancreatic surgery. Laparoscopic
distal pancreatectomy was the first minimally invasive
pancreatic resection to be described. One meta-analysis
found comparable morbidity and mortality between
laparoscopic and open distal pancreatectomy, with
reduced blood loss and length of stay in the minimally
invasive group. There was no difference in the rate of
[95]
positive resection margins . A further meta-analysis
stated that laparoscopic distal pancreatectomy was at
least non-inferior to the open procedure, but lack of
level one evidence meant that it could not be deemed
[96]
superior .
Attempts have also been made to use robotic
techniques to improve Whipple’s procedure. When
compared to open pancreatectomy, a meta-analysis of
retrospective cohort studies found a lower complication
[97]
rate and less margin involvement in the robotic group .
However, the lack of randomisation in these studies
leaves them open to selection bias. Robotic surgery also
requires a significant capital investment and no costeffectiveness evaluations were included in any of the
[98]
papers .

Vascular resection

The relationship between any pancreatic tumour and the
surrounding vasculature is an important determinant
[99]
of resectability . Whilst it is often technically feasible,
the benefit of resection of mesenteric and portal vessels
[99]
invaded by tumour remains a controversial topic .
Meta-analysis of studies involving patients undergoing
Whipple’s procedure with or without major arterial
resection found higher rates of peri-operative mortality
and poor outcomes at year one and three in the group
[100]
undergoing arterial reconstruction . For this reason,
invasion of the superior mesenteric artery or coeliac trunk
remains a largely accepted contraindication to resection.
Outcomes from venous resection, however, may be
more promising. A meta-analysis of 22 retrospective
cohort studies found no difference in perioperative
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Neo-adjuvant treatment

did not reach a level of statistical significance. There
was an improved survival in intention to treat analysis
with 17.1 mo in the neoadjuvant group compared to
13.7 mo in the immediate surgery group although this
did not reach statistical significance (P = 0.07) either.
In patients who underwent an R0 or R1 resection there
was a significantly improved overall survival in the neoadjuvant group (42.2 mo vs 16.8 mo; P < 0.001) and
there was also a significantly increased time until distant
metastases (P = 0.01) and loco regional recurrence (P =
[112]
0.002) . It should be noted that the evidence base for
neo-adjuvant treatment in pancreatic cancer is based on
phase two trials and meta-analysis while the results of
phase three trials are awaited.

Although there has been shown to be a survival benefit
with adjuvant treatment, between 71% and 76%
per cent of patients still relapse within two years up.
Furthermore, due to complications associated with
surgery up to 40% of patients are not suitable for
[105]
progression to adjuvant therapy . Such figures coupled
with the success seen with neo-adjuvant treatment in
several other cancers including rectal, oesophageal, and
gastric cancer have led to the exploration of the impact
[107]
of neo-adjuvant treatment in pancreatic cancer .
The theoretical advantage of neo-adjuvant therapy
includes eliminating micro-metastases and shrinkage
of the primary tumour and both these factors are
associated with a decreased incidence of tumour
[108]
recurrence . However, patients receiving neo-adjuvant
treatment may develop complications which can delay
or prevent the progression to surgery and tumours may
be unresponsive to the chemoradiotherapy leading to
disease progression and previously resectable disease
becoming unresectable. Furthermore, the administration
of chemo radiotherapy induces fibrosis within the
pancreas which can increase the complication rate
[109]
associated with pancreatectomy .
Studies looking at the impact of neo-adjuvant
treatment have been performed in patients with re
sectable or borderline resectable disease. The definition
of resectable disease is in those patients who have no
involvement of the superior mesenteric artery, coeliac
axis, portal vein or superior mesenteric vein whereas the
definition of borderline resectable disease is based on the
degree of involvement of these major venous and arterial
[110]
structures .
Multiple meta-analyses have been performed
studying the impact of neoadjuvant treatment on
survival in pancreatic adenocarcinoma. The most recent
[110]
was by Versteijne et al
which included 38 studies
with a combination of 3 randomised controlled trials, 9
phase one or phase two trials, 12 prospective cohort
studies and 14 retrospective cohort studies. In intentionto-treat analysis there was a median overall survival of
18.8 mo in the neo-adjuvant group compared to 14.8
mo in the surgery first group. For those who actually
underwent surgery the median survival time was 15
mo in the surgery-first group, compared to 26.1 mo in
the neoadjuvant treated group. The overall resection
rate was lower in the neoadjuvant group compared to
those who had surgery first (66% vs 81.3%; P < 0.001)
however the R0 resection rate was higher in patients who
had neo-adjuvant treatment compared to those who had
[111]
surgery first (86.8% vs 66.9%; P < 0.001) .
The ongoing Preopanc-1 trial is a Dutch study which
recruited 246 patients with resectable or borderline
[112]
resectable disease
. Patients were randomised to
either immediate surgery or to pre-operative che
moradiotherapy followed by surgery. There was an
increased rate of resection in the immediate surgery
group (72%) compared to the group which received
preoperative chemoradiotherapy (60%) although this
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TREATMENT IN METASTATIC PATIENTS
The management of metastatic pancreatic cancer
involves symptom control, management of jaundice and
palliative chemotherapy with the preferred chemotherapy
regime FOLFIRONOX (mFOLFIRINOX with 5-fluorouracil).
[112]
Conroy et al
performed a multicentre, randomised
trial in 48 French centres with patients receiving either
gemcitabine or FOLFIRINOX within a week of enrolment.
There were 171 patients within each group and intention
to treat analysis was performed. The median overall
survival in the FOLFIRONOX group was 11.1 mo (95%CI:
9.0-13.2) compared to 6.8 mo (95%CI: 5.5-7.6) in the
gemcitabine group (HR: 0.57 95%CI: 0.45-0.73; P <
0.001). There was an increased incidence of adverse
affects within the group receiving FOLFIRONOX however,
this group concluded that FOLFIRONOX should be
the treatment of choice in patients with metastatic
[114]
disease .

FUTURE DIRECTIONS FOR PANCREATIC
CANCER TREATMENT
The limitations of current treatment strategies in pan
creatic cancer reinforces the need for new avenues of
research to be explored, in order to achieve potential
breakthroughs. Novel therapeutic modalities including
oncolytic viral therapy and gene editing technology
have been identified as promising in several pre-clinical
[114,115]
and early phase clinical trials
. These therapeutic
strategies have been recently reviewed by Rouanet
[116]
et al
, which provides an excellent overview of the
current landscape of these experimental treatments.

SUMMARY AND FUTURE RESEARCH
RECOMMENDATIONS
Pancreatic cancer is more common in developed coun
tries, which may be attributed to lifestyle factors.
Aetiology is still poorly understood, and further large,
prospective studies are necessary to better understand
risk factors associated with pancreatic cancer.
Patients with a risk of familial pancreatic ductal
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adenocarcinoma are a potential target for screening.
However, the optimum age, time interval at which
screening should be performed or the best imaging
technique is not agreed upon. Further retrospective and
prospective studies which follow these patients with
familial pancreatic cancer over time will help gain a better
understanding of the course of this disease and enable
the introduction of effective screening and treatment
methods.
PanIN, IPMN and MCN are recognised precursors to
pancreatic adenocarcinoma. Identifying patients with
these lesions early, and developing an appropriate follow
up programme will enable early treatment in high risk
patients but also prevent unnecessary surgery in low
risk lesions. This can be achieved by performing large
retrospective and prospective studies which follow
these patient groups over prolonged periods of time
which will enable a better understanding of the disease
process to be achieved. Furthermore, the risk factors
associated with these pre-malignant conditions will be
able to be identified, which opens the possibility of target
populations being screened for these pre-malignant
conditions.
The introduction of neo-adjuvant therapy has improved
survival in some patients whereas others with previously
resectable disease have developed unreseactable disease
during the course of their treatment. Further randomised
studies are essential to identify which patients will
benefit most from this approach. The discovery of novel
biomarkers may contribute to the decision-making process
and enable precision medicine and therapy tailored to
individual patients.
Surgical resection remains the mainstay of curative
treatment of pancreatic cancer. Venous resection enables
clear margins to be achieved but the survival benefit
from this is not clear. Further retrospective studies
identifying patients who have undergone this treatment
and the outcomes associated with it will add to the
evidence pool and help formulate future guidelines.
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CONCLUSION
This review provides a comprehensive account of the
epidemiology and management of pancreatic ductal
adenocarcinoma. Significant gaps (as highlighted in the
summary section above) remain in the understanding of
this disease and treatment options although continually
evolving continue to have limited success. There has
been a recent drive to fund large consortia and specialist
research into pancreatic ductal adenocarcinoma but there
is much work to be done to enable similar breakthroughs
as seen for other cancer sites.
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Cryotherapy in the management of premalignant and
malignant conditions of the esophagus
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Abstract

Pooja Lal, Department of Internal Medicine, Cleveland Clinic,
Cleveland, OH 44195, United States

Endoscopic cryotherapy is a relatively new thermal
ablative modality used for the treatment of neoplastic
lesions of the esophagus. It relies on cycles of rapid
cooling and thawing to induce tissue destruction with
a cryogen (liquid nitrogen or carbon dioxide) leading
to intra and extra-cellular damage. Surgical treatment
was once considered the standard therapeutic
intervention for neoplastic diseases of the esophagus
and is associated with considerable rates of morbidity
and mortality. Several trials that evaluated cryotherapy
in Barrett’s esophagus (BE) associated neoplasia
showed reasonable efficacy rates and safety profile.
Cryotherapy has also found applications in the treatment
of esophageal cancer, both for curative and palliative
intent. Cryotherapy has also shown promising results
as salvage therapy in cases refractory to radiofrequency
ablation treatment. Cryoballoon focal ablation using
liquid nitrogen is a novel mode of cryogen delivery
which has been used for the treatment of BE with
dysplasia and squamous cell carcinoma. Most common
side effects of cryotherapy reported in the literature
include mild chest discomfort, esophageal strictures
and bleeding. In conclusion, cryotherapy is an effective
and safe method for the treatment of esophageal
neoplastic processes, ranging from early stages of low
grade dysplasia to esophageal cancer.
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Core tip: Cryotherapy is freezing of tissue to destroy
abnormal lesions and has evolving role in mangement
of premalignant and malignant conditions of the
esophagus. The currently available cryoablation systems
in esophagus are cryospray using liquid nitrogen
and cryoballoon focal ablation system using liquid
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for about 2-3 min, the spindles shortened and started to
lose their polarity, and in about 10 min, the spindles had
totally disappeared.
Tissue destruction involves formation of ice crystals
when the cell is exposed to sub-zero temperatures. The
osmotic gradient created by these crystals facilitates
[7]
cell destruction by drawing water out of the cells . In
addition, the cell membrane composed of lipid bilayer
is also sensitive to hypothermia. During the cooling
process, the membrane becomes highly permeable and
allows mass transfers of ion, resulting in destructive
changes in the ionic composition of the cell. The thawing
process is the final step when the crystals dissolve due
to increased temperatures, creating a reverse osmotic
gradient. Water re-enters the cells, causing swelling and
[8]
rupture . Furthermore, it has also been hypothesized
that freezing results in vascular injury by causing stasis
[9]
in blood flow . The resulting ischemia causes cell death
by necrosis. Delayed mechanism of cell injury involves
immune medicated toxicity leading to cell death. The
factors that are important in modulating the degree of
cell injury include frequency of cooling-thawing cycles,
[10]
duration of each cycle and end temperature .
Cryotherapy employs a non-contact method, where
a cryogen is sprayed on the targeted mucosa leading
to necrosis of superficial esophageal mucosal layers.
Since cryotherapy is targeted, the focused area gets
[11,12]
deeper ablation compared to other techniques
.
As a result of this targeted approach, the architecture
of the surrounding mucosa after cryotherapy stays
relatively intact, explaining the low risk of stricture
[13]
formation compared to radiofrequency ablation (RFA) .
There are various types of cryogens available, including
nitrogen gas, carbon dioxide gas, and other compressed
gases, but the most common cryogen by far is liquid
nitrogen.

nitrous oxide. The eradication rates of metaplasia and
dysplasia in Barrett’s esophagus (BE) with cryotherapy
are comparable to those with radiofrequency ablation
(RFA). In addition, cryotherapy can be used when RFA
is ineffective or not possible in patients with BE and for
palliative purposes in advanced esophageal cancer.
Lal P, Thota PN. Cryotherapy in the management of
premalignant and malignant conditions of the esophagus.
World J Gastroenterol 2018; 24(43): 4862-4869 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i43/4862.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i43.4862

INTRODUCTION
The application of cold for medicinal purposes have
been known since ancient times dating back to Egypt
in 3000 BCE where cold compresses were used to
[1]
reduce inflammation . The use of freezing for tumor
destruction was first reported by James Arnott in
1851 who used a mixture of salt and crushed ice
achieving temperatures of up to -24 ℃ for treating
[2]
breast cancer, uterine cancer and some skin cancers .
Subsequent efforts to lower temperatures led to use
of liquefied gases such as air, oxygen, carbon dioxide
and subsequently nitrogen. Liquid nitrogen became the
most popular cryogen because of its wide availability,
lack of explosive potential compared to liquid oxygen,
ability to freeze up to -197 ℃ and predictable effect.
Liquid nitrogen has found applications in treatment
of nephron-sparing kidney cancers, bone tumors,
hepatocellular carcinomas and prostate cancer. The
effects of cryotherapy in the esophagus has been
studied in 1980’s using direct mucosal contact with a
cryoprobe which led to unpredictable extent and degree
[3]
of ablation with some cases of esophageal perforation .
[4]
In 1997, Johnston et al developed a cryogenic system
that permitted delivery of liquid nitrogen via an upper
endoscope enabling application of cryotherapy under
direct visualization and without mucosal contact, thereby
allowing precise control of the extent of tissue ablation
and potentially reducing complications.

TYPES OF CRYOTHERAPY SYSTEMS
There are 3 systems for endoscopic cryotherapy that
are approved by the United States Food and Drug
Administration and commercially available for clinical
use in the gastrointestinal (GI) tract. Two of those three
systems use a pressurized liquefied gas spray as the
cryogen (truFreeze, CSA Medical, Lexington, Mass,
and Polar Wand, GI Supply, Camp Hill, Pa), while the
third one uses a cryogenic balloon that requires direct
contact with the target tissue (C2 CryoBalloon Focal
Cryoablation System, Pentax Medical, Montvale, NJ,
[14]
United States) .
The truFreeze system delivers liquid nitrogen
through a low-pressure, non-contact, 213 cm long, 7F
spray catheter and results in flash freezing the mucosa
to -196 ℃. The catheter is inserted through the working
channel of the endoscope, the cap attached to the tip of
endoscope allows correct positioning and manipulation
of the cryospray. The delivery of liquid nitrogen is
initiated by the foot pedal, which causes dispersion of

MECHANISM OF ACTION
Cryotherapy is a thermal ablative modality that utilizes
cycles of rapid cooling and thawing to induce tissue
destruction with a cryogen, typically a liquefied gas
[4]
such as nitrogen or nitrous oxide . These temperature
changes affect several intra- and extracellular me
chanisms leading to cell membrane disruption and
thrombi formation in the blood vessels inducing apoptosis
[5]
and ischemia . To analyze the effects of cooling process
[6]
on human cells, Zenzes et al studied the outcomes of
exposure to 0 ℃ on the morphology of meiotic spindles in
human oocytes. He found that after being cooled to 0 ℃
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the cryogen from compressor to the catheter in a lowpressure fashion while the endoscopist monitors for frost
formation. Another consideration during this process is
provision of a dual channel decompression tube, since
nitrogen expands rapidly from liquid to gas, a method
for active and passive venting of the gas is required to
prevent mucosal perforation secondary to increased
pressure. Freeze is applied for 10-20 s followed by
thawing which is repeated 2-4 times for each treatment
site.
Another system that used a non-contact method of
delivering a cryogen was Polar Wand, which is a liquid
carbon-dioxide cryotherapy system. This system works
similarly to truFreeze, employing a catheter through
the working channel of the endoscope through which
carbon-dioxide is delivered which cools down rapidly to
-78 ℃ upon exiting the catheter. The freeze is applied
for 15 s followed by thaw and this cycle is repeated
6-8 times. A decompression tube is passed along the
endoscope to vent the gas to prevent high intraluminal
pressure. The catheters for this device were discontinued
by the manufacturing company in 2016.
The third and the latest system uses a contact
method comprising a handheld controller and a balloon
[15]
catheter, the cryoballoon focal ablation system (CbFAS) .
It is a through-the-scope catheter with battery-powered
handle that delivers cryogenic fluid, liquid nitrous oxide
into an inflated balloon. This system was designed to
overcome the shortcomings of spray system, including
the need of a decompression channel, unequal dis
tribution of the cryogen and operative challenges. The
balloon-catheter is introduced through the scope and
is inflated in the esophagus to establish direct contact
with the mucosa. The endoscopist navigates the system
by rotating the catheter within the inflated balloon to
ensure targeted delivery of the cryogen from its nozzle
to the affected area. Cryogen delivery is controlled by
the handheld device, and liquid nitrous oxide (-85 ℃) is
released through the catheter. In contrast to the other
cryotherapy systems, cryogen is applied for 10 s at each
ablation site. Also, the cryogen is contained in the balloon
and diffuses back through the catheter, allowing more
consistent application of cryogen and also eliminating
the need to use the decompression channel. A secondgeneration device became available in June 2018.

determining the overall treatment effect.
[16]
In an attempt to answer that question, Raju et al
evaluated the extent of transmural damage at 48 h
after cryotherapy for varying durations. They found a
linear correlation between the duration of therapy and
depth of damage; necrosis was limited to lamina propria
after 15 s of therapy, extended to submucosa after 30 s,
muscularis propria after 45 s and extensive transmural
[11]
necrosis after 120 s of cryotherapy. Ribeiro et al studied
the dose of 2 cycles for 20 s and 4 cycles for 10 s. Their
findings demonstrated that 20 s cycle achieved greater
depth of submucosal ablation, however they did not
draw a direct comparison between 10 s and 20 s.
[15]
Schölvinck et al performed cryotherapy with CbFAS
on porcine and human models to assess the duration
of ablation that can be used safely without causing
serious adverse events. In the porcine model, they
observed deep mucosal edema and inflammation after
6 s of cryoablation, which penetrated deeper into the
mucosa after 4 d. These delayed effects did not cause
any long-term damage. Even the models treated for
supra-therapeutic durations of up to 24 s did not show
persistent damage. The 6 s ablation procedure in
human models only caused necrosis in the mucosal and
submucosal layers, the sites targeted for BE ablation
without causing any deeper layer damage.

CRYOTHERAPY IN BARRETT’S
ESOPHAGUS
Surgical esophagectomy used to be the standard
therapeutic intervention for Barrett’s esophagus (BE)
with high grade dysplasia (HGD) but was associated
[17]
with considerable rates of morbidity and mortality .
This approach was based on studies showing up to 40 %
prevalence of cancer in esophagectomy specimens of
[18,19]
[20]
patients with HGD
. In a meta-analysis of patients
who had esophagectomy for HGD in BE, the true
prevalence of invasive esophageal adenocarcinoma (EAC)
was found to be around 12.7%. It is clinically relevant
to make the distinction between invasive EAC (t1b or
higher) and intra- mucosal cancer (IMC), since the latter
carries minimal nodal metastasis risk and can potentially
be treated with endoscopic treatment modalities
including endoscopic mucosal resection (EMR), RFA and
cryotherapy.
Majority of the experience in cryotherapy in BE asso
ciated dysplasia involves cryoablation with cryospray
using liquid nitrogen (Table 1). The initial use was
reported in 2005 in 11 patients with BE with varying
[21]
degrees of dysplasia from none to multifocal HGD .
There was reversal of BE in all patients. In 9 of 11
(78%) patients who completed the protocol, there was
complete eradication of intestinal metaplasia (CE-IM).
There were no reported complications and no recurrence
of metaplasia at the 6-mo follow up. In a multi-center
retrospective cohort of 60 patients with BE and HGD, 52
(87%) patients had complete eradication of dysplasia

DOSIMETRY
There are multiple studies in the literature evaluating
the efficacy and safety profile of cryotherapy as a
treatment modality in esophageal neoplastic processes.
As outlined above, cryotherapy works by the freeze
and thaw process which causes ice crystal formation
intracellularly resulting in tissue destruction. Studies have
shown that rapid rates of cooling and longer duration of
freezing result in increased crystal formation. There are,
however, very few dosimetry studies in the literature
and it is still unclear whether the freeze or thaw period is
more important or the number of freeze-thaw cycles in
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Table 1 Cryotherapy in Barrett’s esophagus
Author (yr)

No. of patients

Johnston et al[21] (2005)
Canto et al[26] (2015)

11
44

Dumot et al[42] (2009)

30

Ghorbani et al[24] (2016)

96

Ramay et al[44] (2017)

90 (50 for 3-yr
analysis, 40 for
5-yr analysis)

Cryotherapy system used

Results of the study

Adverse events

Liquid nitrogen at -196 ℃
100% CE-D and CE-IM
Modified low-pressure CO2
95.6% CE-D in LGD, 91.3% CE-D in
4.5% (2) developed transient
cryotherapy system (Polar Wand, GI
HGD
mild discomfort postsupply)
procedure.
LNSCT (CSA Medical Inc, Baltimore, 68% CE-D in HGD, 80% CE-D in IMC 3.3% (1) developed perforation
Md)
in a patient with known
Marfan’s syndrome
LNSCT (2nd generation, CSA Medical, 91% CE-D in LGD, 81% CE-D in HGD, 1% (1) developed stricture,
Baltimore, MD, United States)
61% CE-IM in LGD and 65% CE-IM in which did not require dilation.
HGD respectively.
1% (1) hospitalized for bleeding
in the setting of NSAID use
LNSCT
3-yr analysis: 96% CE-D in HGD,
94% CE-D in LGD, 82% CE-IM; 5-yr
analysis: 93% CE-D in HGD, 88%
CE-D in LGD, 75% CE-IM

BE: Barrett’s esophagus; CE-D: Complete eradication of dysplasia; CE-IM: Complete eradication of intestinal metaplasia; HGD: High grade dysplasia; LGD:
Low grade dysplasia; LNSCT: Liquid nitrogen spray cryotherapy; IMC: Intra-mucosal cancer.

[22]

(CE-D) and 34 (57%) had CE-IM . In another
multicenter study of 77 patients with BE associated
neoplasia (52 had HGD), CE-D was observed in 88%
of patients and CE-IM in 53% during a mean follow up
[23]
of 9.9 mo . Finally, in a recent report from cryospray
[24]
registry
of 80 patients with BE and HGD or lowgrade dysplasia (LGD) treated with either two to three
cycles of 20-s freezes or four cycles of 10-s freezes with
cryospray, CE-D was reported in 91% with LGD and
81% in HGD, while the CE-IM was found to be 61% in
LGD and 65% in HGD respectively during a mean follow
up of 21 mo.

CRYOTHERAPY FOR EAC (CURATIVE
INTENT)
Endoscopic therapy for EAC is emerging as a treatment
of choice, especially in patients with T1 stage cancer
[28]
and a low risk of nodal metastasis . The standard
treatment is resection of any visible lesions with EMR
followed by ablation of residual BE segment. Since
cryotherapy leads to deeper injury than RFA, it may be
an option in patients with early esophageal cancer (Table
[29]
2). Greenwald et al
reported on 49 patients with
esophageal cancer in a multi-center, retrospective cohort
who underwent cryospray with liquid nitrogen. Of those
49 patients, 30 demonstrated complete luminal disease
resolution after a mean treatment period of 10.6 mo
and 3 treatment sessions. Biopsy results after treatment
completion showed 16 patients with CE-IM, 25 patients
with CE-D, 4 patients with LGD and 1 patient with
[30]
persistent HGD. Similarly, Tsai et al studied the safety
profile and efficacy of cryotherapy in treating esophageal
cancer in 88 patients using cryospray system. Eightyeight patients with EAC underwent therapy up to the
point of complete local eradication of the intraluminal
tumor or progression of the disease. Eighty-six patients
completed the treatment achieving complete response,
including 76.3% for T1a, 45.8% for T1b, 66.2% for all
T1, and 6.7% for T2. Another study analyzed treatment
naïve patients who underwent EMR for IMC with residual
dysplasia who were then treated with liquid nitrogen
cryospray as the salvage therapy. The results showed
that cryospray was effective in achieving CE-D in
82% and CE-IM in 70% with 4% (one patient) rate of
[31]
progression to invasive cancer .

Cryotherapy with carbon dioxide

In a single center case series of 10 patients (7 with IMC
and 3 with HGD), 9 patients underwent EMR and precryoablation diagnoses were nondysplastic BE in 4,
LGD in 5, and HGD in 1 patient. CE-IM was observed
in 11% (1/9; one patient died) and CE-D in 44% (4/9)
[25]
of the patients at 6 mo of follow-up . In a larger
single center trial of 64 patients (44 had prior failed
treatments, 20 were treatment naïve; 50 had HGD),
all patients underwent EMR for nodular lesions prior to
[26]
carbon-dioxide cryoablation . At 6-mo follow up, CE-D
was seen in 89% of patients and CE-IM in 55%. Of
note, production and sale of the Polar Wand system was
suspended by the manufacturer in March 2016.

Cryoablation with nitrous oxide

In the only reported trial on CbFAS, 41 patients with
LGD (n = 13), HGD (n = 23), or IMC (n = 5) were
[27]
treated . CE-D and CE-IM rates at one year were
95% and 88%, respectively. CE-D rate was significantly
lower (67%) in those with ultra-long BE compared with
those with < 8 cm (100%, P = 0.02). The eradication
rates appear to be higher than those observed with
liquid nitrogen (CE-D, 91%; CE-IM, 53%-65%) and CO2
cryotherapy (CE-D, 89%; CE-IM, 55%).
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CRYOTHERAPY FOR EAC (PALLIATIVE
INTENT)
Dysphagia is a debilitating symptom in esophageal can
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Table 2 Cryotherapy in esophageal cancer
Author (yr)

No. of patients

Cryotherapy system used

Results

Adverse events

Cryotherapy in EAC
Greenwald et al[29] (2010) 79 (49 completed the Low-pressure liquid nitrogen
CE-D in 32%.
Benign strictures (12.6%), pain post
treatment)
(< 5 psi) cryotherapy system
treatment (25.3%)
Tsai et al[30] (2017)
88
Low-pressure liquid nitrogen
CE of intraluminal disease in
Abdominal pain (19.3%), dysphagia
(< 5 psi) cryotherapy system 76.3% T1a, 45.8% T1b, 66.2% T1, (10.2%), sore throat (9%), and chest
and 6.7% T2
pain (8%)
Kachaamy et al[32] (2018)
49
Low-pressure liquid nitrogen
Improvement in mean
2% (1) developed a severe intrasystem (CryoSpray Ablation
dysphagia score
procedural perforation, 2% (1)
System; CSA Medical, Inc,
developed a benign stricture
Lexington, Mass)
requiring dilation.
Cryotherapy in SCC
Cash et al[33] (2007)
1
Liquid nitrogen cryospray
100% CE-D
Stricture development
ablation
Canto et al[34] (2018)
10
Nitrous oxide (CbFAS)
100% CE-D in LGIN, HGIN,
Post-procedure pain (40%),
SCC
esophageal stricture (20%)
EAC: Esophageal adenocarcinoma; CE-D: Complete eradication of dysplasia; CE: Complete eradication; CSA: Cryospray ablation; SCC: Squamous cell
carcinoma; LGIN: Low-grade intraepithelial neoplasia; HGIN: High-grade intraepithelial neoplasia; CbFAS: Cryoballoon focal ablation system.

were included in the study, with LGIN (n = 2), HGIN (n
= 7), and ESSC (n = 1). All 10 patients demonstrated
complete eradication of the tumor within three months
of treatment. This study warrants further trials using
cryotherapy for the treatment of esophageal squamous
cell neoplasia for a detailed documentation of efficacy
and safety analysis.

cer, especially if the cancer is not resectable. Already
existing palliative treatment modalities include esophageal
stent placement and radiation therapy with associated
[32]
side effects. Kachaamy et al studied use of cryospray
for relief of dysphagia in 49 patients with inoperable
esophageal cancer. Dysphagia was measured using
a 5-point Likert scale: 0, no dysphagia; 1, dysphagia
to solids; 2, dysphagia to semisolids; 3, dysphagia to
liquids; 4, dysphagia to saliva. The mean dysphagia score
improved significantly from 2.4 pre-cryotherapy to 1.7
post-cryotherapy (improvement of 0.7 points; P < 0.001).
Before the start of cryotherapy, only 8.2% of patients (n
= 4) had a dysphagia score ≤ 1, whereas after the last
cryotherapy treatment 40.8% of patients (n = 20) has a
dysphagia score ≤ 1. So, cryotherapy may be safe and
effective for dysphagia palliation in inoperable esophageal
cancer.

CRYOTHERAPY IN CASES
REFRACTORY TO RFA
RFA is an effective treatment modality for BE resulting
in CE-D, however, there is limited data on efficacy of
other options in cases refractory to RFA. To evaluate
the safety and efficacy of Cryotherapy in RFA refractory
[35]
cases, Sengupta et al
treated 121 patients with
RFA, 75% (91) of which achieved CE-D with resolution
of clinical symptoms. Among the cases who failed
the initial treatment, 16 were treated with salvage
cryotherapy with liquid nitrogen (Cryospray Ablation
System; CSA Medical, Lexington, MA, United States).
Post cryotherapy treatment, 12 (75%) achieved CE-D
in HGD, 5 (31%) achieved CE-IM whereas patients
[36]
with IMC had 100% CE-D. Trindade et al studied 18
patients who had persistent intestinal metaplasia after
RFA and underwent salvage cryotherapy. Eleven of
them had BE with dysplasia while seven had metaplasia
[35]
in the absence of dysplasia. Similar to Sengupta et al ,
liquid nitrogen was used as a cryogen applied for at least
20 s for two cycles on a 2-cm, one-half circumference
area. Post treatment, CE-D was achieved in 75% of
the cases with LGD and 71% with HGD, while 100%
subjects showed certain degree of improvement in
histopathology. None of the cases who had CE-D showed
any recurrence, endoscopically or microscopically.
[37]
Suchniak-Mussari et al , in a retrospective, singlecenter study carried out in a tertiary care center included
45 patients with BE who underwent cryotherapy after

CRYOTHERAPY FOR ESOPHAGEAL
SQUAMOUS CELL CANCER AND
SQUAMOUS DYSPLASIA
There is very limited data on the use of cryotherapy
for the treatment of esophageal squamous cell cancer
(ESCC) or squamous dysplasia (Table 2). Several reports
on liquid nitrogen cryospray included small subgroup of
patients with ESCC however, the efficacy of treatment in
[23,29]
this subgroup was not reported
. In one case report,
[33]
Cash et al
used liquid nitrogen cryospray ablation
in the palliative treatment of ESSC 3 years after the
initial treatment with chemoradiation. At 1-mo follow
up, the tumor had completely resolved endoscopically
but persisted on biopsy. Repeat cryotherapy was then
performed which resulted in CE-D and the surveillance
biopsies taken at 24-mo period remained negative
[34]
for cancer. Canto et al
described the first clinical
application of nitrous oxide via the CbFAS for treatment
of esophageal squamous cell neoplasia. Ten patients
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Table 3 Radiofrequency ablation vs cryotherapy

Mechanism of action

Maximal depth of injury
Eradication of metaplasia
Eradication of dysplasia
Post procedure pain requiring analgesics
Side effects
Durability
Recurrent metaplasia
Recurrent dysplasia
Recurrent high grade dysplasia or cancer

Radiofrequency ablation

Cryotherapy

Bipolar electrode delivering
radiofrequency energy to mucosa
which generates heat and causes a
uniform thermal injury on contact
Mucosa (500-1000 microns)
66.7%-100 %
87.5%-100%
4d
Esophageal strictures in 10.2%,
bleeding 1.1%, perforation 0.2%
CE-D 98% and CE-IM 91% at 3 yr

Rapid freeze and thaw cycles cause immediate effects of slowing
cellular metabolism and freezing intracellular water. Subsequently, ice
formation results in disruption of cellular membranes and organelle
dysfunction and eventually cellular apoptosis.
Depends on the dose delivered; upto submucosa
41.3%-60% with cryospray; 84%-100% with cryoballoon
78.8%-90% with cryospray; 92%-100% with cryoballoon
2d
Esophageal strictures in 0%-12.5%, bleeding in 2 cases, perforation in 3
cases
CE-D 92%, and CE-IM 81% at 5 yr (with cryospray only, cryoballoon
data not available)
13.30%
3.60%
1.30%

16.10%
2.60%
1.40%

CE-D: Complete eradication of dysplasia; CE-IM: Complete eradication of intestinal metaplasia.

failing the initial therapy. Of those 45, 33 completed
the surveillance protocol and were included in the final
data analysis. Among those 33 patients, 29 (88%)
responded to cryotherapy, with 84% having complete
regression of all dysplasia and cancer. CE-D was seen in
75% of subjects with IMC. A meta-analysis performed
[38]
by Visrodia et al
reported successful achievement
of CE-D in three-fourths and CE-IM in one-half of the
patients who did not respond to the initial RFA therapy.
Cryotherapy is deemed safe and efficient in the setting
of RFA treatment unresponsiveness.

therapy and RFA in two studies. In a study comparing
outcomes after a single session of ablation with either
[40]
RFA (n = 26) and cryotherapy with CbFAS (n = 20) ,
BE regression was similar in both groups (88% vs 90%,
P = 0.62). Peak pain was lower after cryotherapy (visual
analog scale 2 vs 4, P < 0.01), and the duration of pain
was also shorter after cryotherapy (2 d vs 4 d, P < 0.01).
Also, cryotherapy patients used analgesics for 2 d vs 4
d for RFA (P < 0.01). Similar findings were noted in a
study comparing RFA to cryospray ablation. Pain intensity
scores and the presence of dysphagia were assessed
immediately before and after treatment, 48 h posttreatment and at 3 wk post-treatment using validated
[41]
instruments . The odds of pain after RFA were at least
5 times greater than that after cryospray immediately
post-treatment and at 48 h post-treatment. There was
no difference in dysphagia after treatment in either
group.

CRYOTHERAPY COMPARED TO RFA
Cryotherapy has several theoretical advantages over
RFA. Since it is a noncontact method of ablation, it
can be used for treating uneven, nodular surfaces and
can be passed through strictured areas. The depth of
ablation extends to submucosa which makes it useful
for treating superficial cancers. In cryotherapy, the
tissue architecture of the superficial squamous layers
is left relatively intact, and there is less tissue damage,
which may underlie the reduced stricture formation rate
with this modality. There are very few trials comparing
the results and adverse events of cryotherapy and RFA
(Table 3).
[39]
In a retrospective study
comparing RFA (n =
73) and cryotherapy (n = 81), CE-IM rates in RFA and
cryotherapy were 66.7% vs 41.3% respectively (P =
0.002) and CE-D were 87.5% and 78.8% respectively (P
= 0.15). Progression was noted in 12.5% in both groups
and recurrent disease was noted in 11.1% and 14.3%
in RFA and cryotherapy groups. Patients who underwent
RFA had a threefold higher odd of having CE-IM than
those who underwent cryotherapy [odds ratio (OR) = 2.9,
95% confidence interval (CI): 1.4-6.0, P = 0.004], but
CE-D were similar between the two groups (OR = 1.7,
95%CI: 0.66-4.30, P = 0.28).
Post procedural pain was compared between cryo
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ADVERSE EVENTS
Cryotherapy treatment has produced durable results
with good safety profile and very few adverse events.
Abdominal pain (19.3%), dysphagia (10.2%), sore
throat (9%), and chest pain (8%) are the most
[29]
common post-procedural side effects . Esophageal
[32]
strictures are reported in 0%-12.5% of the patients .
With cryospray ablation, pain requiring narcotics is
[22,42]
reported in 3%-10% of patients
. Most of the side
effects caused by cryotherapy are effectively managed
with minimum interventions and the benefits of the
therapy outweigh the risks in most cases. Gastric
perforation has been reported in a patient with known
[42]
Marfan’s syndrome . Subsequently, there has been
modifications in the decompression tube. Another case
of esophageal perforation has been reported with post
cryotherapy stricture dilation in a patient with inoperable
[33]
[43]
esophageal cancer . Samarasena et al
reported a
case of a jejunal perforation after cryotherapy which was
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6

thought to be secondary to barotrauma. It was closed
successfully with an over-the- scope clip. With carbon
dioxide cryotherapy, esophageal strictures were noted
[26]
in 1.5% of patients . One case of microperforation
led to hospitalization but did not require surgical
intervention. Limited data are available with CbFAS.
Four patients (9.7%) developed mild dysphagia from
[27]
stenoses requiring dilation . One patient (2.4%) on
aspirin developed upper GI bleeding that did not require
therapy.

7
8

9
10

DURABILITY AND RECURRENCES
In a single center cohort of 50 patients followed up for
3 years and 40 patients followed up for 5 years, initial
rates were CE-D of 90% (45/50) and CE-IM of 60%
[44]
(30/50) . The authors examined durability (lack of a
need for retreatment) at 5 years in their cohort of 40
patients, and they found that the durability of CE-D was
92%, and of CE-IM was 81%. For patients who achieved
CE-IM, rates of CE-D and CE-IM at 3 years were
93% (28/30), and 87% (26/30). Recurrent dysplasia,
which usually occurred below the neosquamocolumnar
junction, was able to be managed with retreatment
in most cases. Incidence rates of recurrent intestinal
metaplasia, dysplasia, and HGD/EAC per person- year
of follow-up after initial CE-IM were 13.3%, 3.6%, and
1.3% per person-year, respectively. There were 2 cases
of incident EAC in this cohort, one of which developed
during treatment and one that occurred 18 mo after
treatment with no reported mortality.

11

CONCLUSION

16

12
13

14

15

In conclusion, cryotherapy is an effective and a safe
method for the ablation of wide range of esophageal
lesions from LGD to advanced cancers. Even though
the efficacy is slightly inferior to RFA, it can be used
in situations when RFA is ineffective or not feasible.
Large randomized controlled trials are needed before
cryotherapy has an established role in the management
of neoplastic processes in the esophagus.
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Acute acalculous cholecystitis in children
Dimitri Poddighe, Vitaliy Sazonov
disease of the gallbladder in the absence of gallstones.
AAC is estimated to represent at least 50% to 70%
of all cases of acute cholecystitis during childhood.
Although this pathology was originally described in
critically ill or post-surgical patients, most pediatric
cases have been observed during several infectious
diseases. In addition to cases caused by bacterial and
parasitic infections, most pediatric reports after 2000
described children developing AAC during viral illnesses
(such as Epstein-Barr virus and hepatitis A virus
infections). Moreover, some pediatric cases have been
associated with several underlying chronic diseases and,
in particular, with immune-mediated disorders. Here,
we review the epidemiological aspects of pediatric AAC,
and we discuss etiology, pathophysiology and clinical
management, according to the cases reported in the
medical literature.
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Core tip: Acute acalculous cholecystitis (AAC) is the
most frequent form of acute cholecystitis in children.
In childhood, this disease has been described in
critically ill or post-surgical patients, as it often occurs
in adults, but most pediatric cases are actually caused
by infectious diseases. In addition to bacterial and
parasitic infections, most recent pediatric reports
have described children developing AAC during viral
illnesses, in particular, Epstein-Barr virus and hepatitis
A virus infections. Moreover, some pediatric cases have
been associated with non-infectious disorders, such as
immune-mediated disorders. Therefore, the medical
management presents significant differences compared
to adult AAC.
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Abstract
Acute acalculous cholecystitis (AAC) is the inflammatory
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cystic duct, common hepatic duct and the upper part
of the bile duct. The cystic artery can have different
anatomical origins, but it usually arises from the right
hepatic artery, which is one of the terminal branches of
[7]
the proper hepatic artery . Importantly, the cystic artery
is a terminal artery, meaning that it is the only supply of
oxygenated blood to gallbladder tissues, which explains
its major susceptibility to ischemic conditions in the
presence of several underlying or concomitant diseases.
The remarkable importance of the ischemic mechanism
in AAC was demonstrated through a fundamental
[8]
study by Hakala et al , published in 1997. Briefly,
these authors compared angiographic and histological
aspects of patients affected with ACC and AAC. The
main gallbladder micro-angiographic findings in AAC
were clearly different from those in gallstone-associated
cholecystitis. The latter revealed a florid and dilated
microcirculation (related to inflammation), whereas an
irregular arterial/capillary network with absent or minimal
venous filling characterized AAC. Importantly, AAC
patients presented quite different underlying diseases
(cardiac infarction - treated with emergency coronary
bypass -, staphylococcal septicemia, septic shock and
hypovolemic shock), which highlighted the fact that
ischemic factors and/or tissue hypoxia are the common
and final pathogenic mechanisms of gallbladder injury.
Further studies confirmed these pathological aspects,
and they likely have a prominent role even in AAC cases
arising outside the PICU, like patients suffering from
vasculitis or previously healthy children developing ACC
[9,10]
during a concomitant infectious disease
.

INTRODUCTION
Acute cholecystitis is an inflammatory condition of the
gallbladder, which is most commonly associated with the
presence of gallstones. These cases are referred to as
acute calculous cholecystitis (ACC); here, the obstruction
of the cystic duct from small- and medium-sized
gallstones that migrate from the gallbladder or from large
gallstones that intermittently obstruct the neck of the
gallbladder, is considered the main pathogenic moment.
However, several clinical and experimental evidences
from human and animal studies strongly suggest that
biliary obstruction due to gallstones represents only
the final event of a more complex pathological process,
where the development of acute inflammation is due
to the progression from an underlying chronic injury.
Very briefly, cholecystitis can develop in the presence
of lithogenic bile with high cholesterol concentrations,
diffusing through the gallbladder wall and permitting the
hydrophobic bile salts to increase the levels of oxidative
[1,2]
stress and to trigger the inflammatory process .
These pathogenic mechanisms may be implicated
even in some cases of acute AAC where no gallstones
can be identified, but only gallbladder bile sludge.
However, most cases of AAC are not associated with any
pre-existing biliary disease and/or factors suggesting
the presence of lithogenic bile, especially in the pediatric
population. Indeed, AAC is the most frequent form
of acute cholecystitis in children, whereas in adults it
accounts for only 5%-10% of all cases. AAC is estimated
to represent at least 50% to 70% of all cases of acute
cholecystitis during childhood; of course, the remaining
portion is represented by ACC, which is usually associated
with hemolytic diseases or intestinal diseases that affect
[3,4]
the entero-hepatic recirculation of biliary salts .
AAC can develop in a variety of clinical settings,
suggesting the existence of several pathogenic me
chanisms, which may have different weights according
to the specific situation. However, those mechanisms can
be traced back to two main types of gallbladder injury.
One is the chemical injury from bile stasis; however,
unlike ACC, the harmful effect on the gallbladder in AAC
actually derives from impaired gallbladder emptying
[5]
rather than altered bile composition . This is likely to be
the main trigger in pediatric AAC cases due to some para
site infections obstructing the common bile duct (e.g.,
Ascaris lumbricoides infestation) or in rare congenital
malformations of the gallbladder (e.g., multiseptated
gallbladder, diaphragm of the gallbladder, choledochal
cyst, etc). Moreover, bile stasis may be also a pathogenic
component of AAC in children admitted to the pediatric
intensive care unit (PICU) for different reasons. Indeed,
the prolonged period of fasting (with oral feeding
replaced by parenteral nutrition) and the use of opiates
(inducing spasms and/or dyskinesia of the sphincter of
[6]
Oddi) interferes with gallbladder emptying .
A second important mechanism of gallbladder injury
[5,6]
is local ischemia . The cystic artery is the chief source
of blood supply to the gallbladder, in addition to the

WJG|www.wjgnet.com

EPIDEMIOLOGY AND RISK FACTORS
Gallbladder disease is a relatively rare condition in
[3]
children. Before 2000s, Tsakayannis et al estimated
only 1.3 pediatric cases for every 1000 cases of adult
gallbladder disease. Nevertheless, the incidence of
cholecystitis in children has increased over the last 20
years. For example, a recent study from Canada reported
that the incidence of pediatric cholecystectomy increased
from 8.8 to 13.0 per 100000 person-years from 1993
to 2012, and cholecystitis accounted for 9.3% of all
[4]
pediatric procedures of the biliary tract .
As previously mentioned, AAC represents the most
common form of cholecystitis in children (50%-70%),
and it can arise in different clinical settings. According to
this observation, AAC can be grouped into three main
categories: (1) AAC associated with critical medical
conditions, (2) AAC associated with underlying (noncritical) diseases, and (3) AAC arising in previously
healthy children.

Acute acalculous cholecystitis in children with critical
medical conditions

AAC has been described as a complication of several
types of surgery. In adults, most reports of postoperative AAC followed interventions of open abdominal
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Table 1 Reported cases of non-infectious pediatric acute acalculous cholecystitis associated with immune-mediated disorders
(2000-2018)
Ref.

Age (yr)

Sex

Comorbidity

10
5
12

M
M
F

Systemic lupus erythematosus
Nephrotic syndrome
Systemic lupus erythematosus

Lee et al[16], 2014

N/A

N/A

Sanches et al[17], 2014
Ozkaya et al[18], 2016
Yi et al[19], 2016

11
7
N/A

F
M
N/A

Basiratnia et al[13], 2006
Shin et al[14], 2007
Mendonca et al[15], 2009

Clinical manifestations

RUQ pain, fever, nausea, vomiting
Abdominal pain, vomiting
Abdominal pain, anorexia, weight loss, nausea,
vomiting
Systemic lupus erythematosus (n = 2); N/A (patients were included in a large case series
nephrotic syndrome (n = 1)
of pediatric AAC)
Juvenile dermatomyositis
RUQ pain, nausea, vomiting
Henoch-Shonlein purpura
Abdominal pain, jaundice
Kawasaki disease (n = 28)
N/A (patients were included in a large case series
of pediatric AAC)

AAC: Acute acalculous cholecystitis; RUQ: Right upper quadrant.

aortic reconstruction and cardiac surgery (in particular,
[5]
cardiac valve replacement with or without bypass) . Of
course, this is a very rare occurrence in childhood. Here,
the development of AAC related to critical diseases is
mostly due to medical conditions requiring prolonged or
long-term parenteral feeding, extensive burns and shock
syndromes (regardless of the hypovolemic or septic
[3]
mechanism) . Indeed, those situations are associated
with bile stasis and gallbladder ischemia. Moreover, the
concomitance and/or the superimposition of infectious
factors might contribute to AAC pathogenesis. Finally,
[11]
Imamoglu et al
reported several children developing
AAC after appendectomy and blunt abdominal trauma,
supporting a mechanism of direct traumatic injury in
some pediatric cases. Anyway, post-traumatic AAC in
children is very rare, and concomitant factors, such as
[12]
shock or other comorbidities, may play a role .

AAC or hydrops) in children with Kawasaki disease, and
they found higher rates of intravenous immunoglobulin
resistance.
Additional reports of AAC associated with systemic
(non-infectious) illnesses included malignancies (e.g.,
hemophagocytic lymphohistiocytosis, acute leukemias),
renal diseases (e.g., end-stage renal disease) and
genetic diseases (e.g., galactosemia, diabetes mellitus,
[16,19,22-24]
cystic fibrosis)
.

Acute acalculous cholecystitis in previously healthy
children

Most cases of pediatric AAC have been described in
children without life-threatening conditions or underlying
comorbidities. In this group, a large variety of infectious
agents have been implicated in the pathogenesis of
AAC, including viruses, bacteria, yeasts and parasites.
Before 2000, most reports of infectious AAC referred to
intestinal parasites (e.g., Ascaris lumbricoides), typhoid
[6]
fever and leptospirosis . AAC can be one of the clinical
manifestations of hepatobiliary ascariasis, characterized
by the passage of worms from the duodenum to the
[25]
biliary tract, leading to bile flow obstruction . Typhoid
fever is a systemic infection caused by some Salmonella
species, in particular Salmonella typhi. AAC in typhoid
fever is usually a secondary complication depending on
bacterial strain virulence or its resistance to treatment,
especially in endemic areas. These bacteria reach
the gallbladder through the blood stream and have
been shown to have a tropism for the vesicular wall
[26]
epithelium . Leptospirosis is a zoonotic infection
sustained by several species of the genus Leptospira
and, again, AAC derives from the direct localization of
[27]
these bacteria in the gallbladder .
However, after 2000 (probably due to the larger
diffusion of the abdominal ultrasound), a multitude of
publications have associated pediatric AAC with many
types of infections, including several viral diseases. In
Table 2, we listed all case reports or small case series
describing infectious AAC in children, in whom a clear
[28-60]
etiological diagnosis was achieved
.
Among AAC cases due to viral infections, many

Acute acalculous cholecystitis in children with noncritical medical conditions

This category includes those cases of AAC developing
in patients with comorbidity, which is supposed to
contribute to the occurrence of gallbladder disease.
Indeed, there are many reports of AAC arising in the
context of autoimmune/immune-mediated diseases, in
particular vasculitis. Here, the systemic inflammation
could also involve the gallbladder vasculature, leading to
[5]
local ischemic injury . In Table 1, we listed all of the case
reports describing AAC in children affected with immune[13-18]
mediated diseases since 2000
.
Among these immunological conditions, Kawasaki
disease received particular attention and detailed
description. According to the large case series published
[19]
by Yi et al , which included 131 children with AAC,
26.7% of patients were affected with a systemic (noninfectious) disease, and most had Kawasaki disease
(28 cases). Interestingly, these authors found that the
presence of AAC in the acute phase of Kawasaki disease
was statistically associated with the development of
coronary complications, in addition to more severe
[20]
[21]
clinical presentations . Previously, Chen et al studied
the occurrence of gallbladder abnormalities (including
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Table 2 Reported cases of pediatric acute acalculous cholecystitis associated with specific infections (2000-2018)
Ref.

Age (yr)

Sex

Comorbidity

Clinical manifestations

Ashley et al[28], 2000
Ciftci et al[29], 2001
Lo et al[30], 2002
Batra et al[31], 2003
Garel et al[32], 2003
Saha et al[33], 2005
Axelrod et al[44], 2007
Kuttiat et al[35], 2007
Lagona et al[36], 2007
Anthoine-Milhomme et al[37], 2007
Prassouli et al[38], 2007
Gora-Gebka et al[39], 2008
Kumar et al[40], 2008
Bouyahia et al[41] 2008
Attilakos et al[42], 2009
Sureshet al[43], 2009
Souza et al[44], 2009
Arroud et al[45], 2011
Herek et al[46], 2011
Prashanth et al[47], 2012
Newcombe et al[48], 2013
Gnassingbe et al[49], 2013
Poddighe et al[50], 2014
Kim et al[51], 2014
Fretzajas et al[52], 2014
Strehle et al[53], 2014
Suga K et al[54], 2014
Alkoury et al[55], 2015
Pawlowska-Kamieniak et al[56], 2015
Majdalani et al[56], 2016
Gomes et al[58], 2016

4
7
5
12
4
7
3
8 and 9
4
7
13
9 and 4
3
14
5
2
16
11
9
12
9
5-13
7
10
11 and 12
14
6
15
17
16
3

M
M
M
M
M
F
F
M
F
F
F
F
F
M
M
F
M
M
M
F
M
4 M, 2 F
F
F
F
F
F
F
F
F
M

B. abortus
HAV
Salmonella group D
S. aureus
Salmonella spp.
P. falciparum
S. typhi
P. falciparum and P. vivax
EBV
Plasmodium spp.
EBV
EBV + CMV and EBV
P. falciparum
HAV
EBV
HAV
HAV
HAV
HAV
HAV
C. burnetii
S. typhi
EBV
EBV
EBV
EBV
EBV
EBV
EBV
EBV
HHV-6

Ismaili-Jaha et al[59], 2018
Aguilera-Alonso et al[60], 2018

1, 2, 4, 10
5

F, F, F, M
F

Ascaris lumbricoides
P. falciparum

RUQ pain, fever, constipation, anorexia
Abdominal pain, fever, jaundice
Abdominal pain, fever, vomiting, diarrhea
RUQ pain, fever, jaundice, maculopapular rash
Abdominal pain, fever, vomiting, diarrhea
RUQ pain, fever
Abdominal pain, fever, vomiting
RUQ pain, fever, vomiting (P. vivax)
RUQ pain, fever, jaundice, vomiting, anorexia
Abdominal pain, fever, diarrhea, jaundice
Abdominal pain, fever, vomiting, jaundice
RUQ pain, fever, jaundice, enlargement of liver and spleen
Abdominal pain, fever, vomiting
Abdominal pain, vomiting, fever
Fever, jaundice, enlargement of liver and spleen
Abdominal pain, fever, vomiting
Abdominal pain, fever, vomiting
Abdominal pain, fever, vomiting, jaundice
Abdominal pain, fever, vomiting, jaundice
Abdominal pain, vomiting
N/A
Mainly abdominal pain, fever and vomiting
RUQ, fever, vomiting, jaundice, liver enlargement.
RUQ pain, fever, cervical lymphadenopathy
Abdominal pain, fever, jaundice, hepatosplenomegaly
Fever, RUQ pain, vomiting, anorexia, eyelid swelling
Abdominal pain, epigastralgia
Abdominal pain, fever, vomiting
RUQ pain, fever, anorexia
Abdominal pain, fever, vomiting
Abdominal pain, vomiting, generalized maculo-papular
skin rash
Mainly fever, diarrhea, vomiting
Abdominal pain, fever, jaundice

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; HAV: Hepatitis A virus; HHV: Human herpes virus; RUQ: Right upper quadrant.

have been associated with hepatitis A virus (HAV) and
Epstein-Barr virus (EBV); however, only a minority of
infected children develop AAC, which represents a rare
complication.
[61]
As for EBV specifically, Yi et al recently described
94 children affected by primary infection and undergoing
abdominal ultrasonography. Around 25% of patients
showed gallbladder abnormalities, particularly increased
wall thickness; however, only a very small percentage
(2%) fulfilled the diagnostic criteria for AAC. Interestingly,
the authors noticed that EBV hepatitis seems to be more
frequently associated with cholestasis abnormalities
(e.g., increase of γ-glutamyl transpeptidase) compared
to infections sustained by other herpes viruses (e.g.,
[62,63]
Cytomegalovirus)
. Unfortunately, the pathogenic
mechanisms of viral AAC are not well known, but direct
invasion or inflammation triggered by bile stasis may play
a role. As for HAV, direct viral invasion of the gallbladder
[64]
has been documented by Mourani et al
in a dated
study. However, the local extension of the hepatic inflam
matory process and/or elevated portal pressure (leading
to edema of the gallbladder wall) have been speculated
[65]
by some authors .

WJG|www.wjgnet.com

CLINICAL AND DIAGNOSTIC ASPECTS
In critically ill children who are not able to communicate
appropriately, the diagnostic suspicion of AAC often
derives from the onset of biochemical abnormalities
suggesting cholestasis and liver dysfunction (e.g.,
plasma bilirubin, alkaline phosphatase, aspartate ami
notransferase, alanine aminotransferase, γ-glutamyl
transferase), in addition to fever and leukocytosis.
Otherwise, the main clinical manifestation of AAC is
abdominal pain (mild to severe), typically in the right
upper quadrant, but sometimes diffuse. Fever, jaundice,
vomiting and nausea can be variably present. Then,
the clinical presentation is quite nonspecific, and the
diagnosis can be challenging, especially when AAC is
superimposed on acute hepatitis, whose laboratory
findings can be similar because of concomitant intra
[6,66,67]
hepatic cholestasis
.
Therefore, AAC diagnosis necessarily relies on
abdominal ultrasonography (US), which can reveal
typical findings and diagnostic criteria, as follows: (1)
Increased gallbladder wall thickness (> 3.5 mm); (2)
pericholecystic fluid; (3) presence of mucosal membrane
sludge; and (4) gallbladder distension. The presence
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of at least two of these US criteria, in addition to the
absence of gallstones, usually supports the diagnosis of
[10]
AAC in the pediatric age . Thickening of the gallbladder
wall is the most reliable single criterion, with a specificity
of 90% and 98.5% using the cut-off of 3.0 mm and
3.5-mm wall thickness, respectively; moreover, the
sensitivity was 100% at 3.0 mm, but only 80% at 3.5
mm. Therefore, especially in the presence of suggestive
clinical and laboratory findings, gallbladder wall thickness
of 3.5 mm or more by itself is generally accepted to be
[5,68]
diagnostic
. Among other imaging studies of the biliary
tract, computerized tomography (CT) has been shown to
be as accurate as US in the diagnosis of AAC, but it has
some limitations due to radiological exposure, especially
in the pediatric age. Moreover, CT is more expensive
and cannot be performed bedside. However, CT should
be used any time that other thoracic and/or abdominal
diagnoses are under consideration and it is essential for
the pre-operative assessment, if required (see below).
The diagnostic criteria for AAC by CT are similar to those
[5,69,70]
described for US
. Other imaging studies such as
technetium-labeled scintigraphy are quite problematic
in children and, importantly, could be of limited value
in the critical setting because of potential false positive
results, due to prolonged fasting and concomitant liver
[5,71]
disease
.

surgery, during severe systemic infections or because
of blunted abdominal trauma. Three of them required
cholecystectomy because of the deterioration of their
clinical conditions and US findings. Previously, in 1975
[27]
Ternberg et al reviewed 67 pediatric cases: 36 patients
underwent cholecystectomy and 25 patients were
treated by tube cholecystostomy; however, no analysis
according to the etiology of AAC was provided in this
[81]
study. Chirdan et al
(from Nigeria) and Gnassingbé
[49]
et al
(form Togo) described two small case series of
children developing AAC because of S. typhi infection,
including sixteen (13 M, 3 F) and six (4 M, 2 F) patients,
respectively. Interestingly, almost all children (except
one in Chirdan’s study) required cholecystectomy by
laparotomy as a final treatment, in addition to antibiotics,
which supports the previous observations about the
medical management in children.
Unfortunately, very few pediatric case series described
AAC in critically ill children, but conservative management
is strongly pursued, because these patients may not
be able to safely sustain surgical (and anesthesiology)
[82]
procedures. Huang et al retrospectively described their
experience with 109 children with AAC (from 2000 to
2009) due to a variety of etiologies and highlighted some
findings (including low platelet count, low hemoglobin
value, presence of pericholecystic fluid/high sonographic
score, hypofibrinogenemia and septic shock) as being
predictive of poor outcome. However, all of their patients
were treated non-operatively, including those affected
with critical illnesses. They reported 15% mortality rate
(16 patients), and most of them (11 patients) developed
AAC during sepsis (presented by a total of 27 patients),
who then died of shock and multi-organ failure. Of
course, it is not possible to make any conclusion
about the most correct therapeutic management in
these cases, but a timely surgical approach might
be considered in selected situations, whenever the
clinical condition allows it and before irreversible clinical
deterioration. More recently, in a retrospective study (from
[19]
2004 to 2014) by Yi et al
(including 131 children),
only two patients (1.5%) underwent cholecystectomy.
Interestingly, no patients were admitted to the intensive
care unit or presented with septic shock, but the
indication for shifting from the conservative to the
surgical approach was not specified. On the contrary,
[83]
Rijcken performed cholecystectomy in all seven cases
he described from his experience in a Malawi hospital,
suggesting surgery as a preferential approach “in the
African setting” and “in the very ill patient”. Only one
child died post-operatively because of complicated
sepsis. Recently, Schaefer CM retrospectively described
ten critically ill and immune-compromised children who
underwent percutaneous cholecystostomy. All patients
were admitted to the intensive care unit; four children
were hemodynamically unstable, three had multi-organ
system failure, three developed renal failure and one
was in septic shock. No patient developed procedurerelated complications, but four patients died because of
concomitant multi-organ failure. The surviving children

THERAPEUTIC MANAGEMENT
AAC therapy in adults is substantially surgical, namely
cholecystectomy. Indeed, a substantial rate of
complications (e.g., empyema, perforation, gangrene)
and the possibility of other underlying biliary diseases
(malignancy, for instance) must be considered. Here,
open or laparoscopic cholecystectomy provides both the
possibility to review the gallbladder and the definitive
treatment. Therefore, supportive therapy (e.g., analgesic
drugs, intravenous hydration, parenteral nutrition) and
antibiotics do not substitute the surgical approach,
[65,72,73]
although they represent an essential part
.
However, the epidemiology and etiology of pediatric
AAC is quite different from adults, as previously shown.
Therefore, even the therapeutic management of AAC in
children is different and, in particular, the frequency of the
surgical approach is generally much lower than in adults
[6,74]
or in children with ACC
. In Table 3, we reported the
conservative or interventional management in all available
pediatric reports and small (uniform by etiology) case
[13-15,17,28,30,31,33,35-39,41,43-48,50,51,53-56,75-80]
series
. As already
mentioned, this overview confirms that the management
of AAC in children is often conservative. Most AAC
children who finally required surgical management were
affected with vasculitis or systemic bacterial infections or,
interestingly, were patients who did not receive a final
diagnosis, as the cause of AAC remained unknown.
In addition to all those case reports, there are some
larger and/or heterogeneous case series that deserve to
[11]
be discussed separately. Imagoglu et al described 12
children that developed AAC after previous abdominal
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Table 3 Main therapeutic approach in the reported cases of pediatric acute acalculous cholecystitis (2000-2018)
Author (etiology, yr, country)
Ashley et al[28] (B. Abortus, 2000,
United States)
Croteau et al[75] (N/A, 2001, United
States)
Lo et al[30] (Salmonella group D,
2002, Taiwan)
Batra et al[31] (S. Aureus, 2003,
United States)
Saha et al[33] (P. Falciparum, 2005,
India)
Basiratnia et al[13] (SLE, 2006, Iran)
Kuttiat et al[35] (P. falciparum and P.
Vivax, 2007, India)
Lagona et al[36] (EBV, 2007, Greece)
Anthoine-Milhomme et al[37]
(Plasmodium spp., 2007, France/
Ivory Coast)
Prassouli et al[38] (EBV, 2007,
Greece)
Shin et al[14] (Nephrotic syndrome,
2007, South Korea)
Gora-Gebkaet al[39] (EBV + CMV
and EBV, 2008, Poland)
Bouyahia et al[41] (HAV, 2008,
Tunisia)
Suresh et al[43] (HAV, 2009, India)
Souza et al[44] (HAV, 2009, Brazil)
Mendonca et al[15], (SLE, 2009,
Brazil)
McNaughton et al[76] (N/A, 2010,
United States)
Karkera et al[77] (N/A, 2010, India)

Age (yr)/sex

Surgery

Antibiotic

Observations

4-M

-

Cotrimoxazole rifampin

Diagnosis through blood culture (initial antibiotic
therapy with ampicillin, metronidazole and gentamicin)
Removal of gallbladder after AAC recurrence

2-M
5-M
12-M
7-F
10-M
8-M
9-M
4-F
7-F

Laparoscopic
Second-generation
cholecystectomy
cephalosporin
Laparotomic
Ceftriaxone
Removal of gallbladder for AAC complicated by
cholecystectomy
empyema
Laparotomic
Ampicillin/sulbactam
AAC developed for bacteriemia during osteomyelitis.
cholecystectomy Ceftriaxone, metronidazole
Ceftriaxone
Intravenous quinine as soon as definitive diagnosis was
achieved
Laparotomic Ceftriaxone, metronidazole High-dose prednisolone for 3 d. Surgical approach due
cholecystectomy
to poor response (not specified)
Ceftriaxone
Intravenous quinine as soon as definitive diagnosis was
achieved
Only supportive therapy and close follow-up
Amoxicillin triamphenicol
Halofantrin was started upon diagnosis

13-F

-

5-M

-

Cefotaxime, tobramicin,
metronidazole
Ampicillin, cefotaxime

9-F, 4-F

-

Cefotaxime

14-M

-

Cefotaxime, gentamicin

2-F
16-M
12-F

-

-

14-M
11-M

Laparoscopic
Antibiotics (not specified)
cholecystectomy
Laparotomic
Antibiotics (not specified)
cholecystectomy
Amoxicillin-clavulanic
acid, gentamicin
Laparoscopic
Antibiotics (not specified)
cholecystectomy

Deflazacort 60 mg/m2

Concomitant SNC vasculitis findings: treated with highdose prednisolone for 3 d.

Both patients developed complicated (perforated) AAC

Arroud et al[45] (HAV, 2011,
Morocco)
Herek et al[46] (HAV, 2011, Turkey)
Pal K[24], (Type I Diabetes mellitus,
2011, Saudi Arabia)

11-M

Prashanth et al[47] (HAV, 2012,
India)
Newcombe et al[48] (C. Burnetii,
2013, Australia)
Shihabuddin et al[22] (Cystic
fibrosis, 2013, United States)
Poddighe et al[50] (EBV, 2014, Italy)
Kim et al[51] (EBV, 2014, South
Korea)
Strehle et al[53] (EBV, 2014, United
Kingdom)
Sanches et al[17] (JDM, 2014,
Portugal)
Suga et al[54] (EBV, 2014, Japan)
Alkoury et al[55] (EBV, 2015, United
States)
Pawlowska-Kamieniak et al[56]
(EBV, 2015, Poland)
Muta et al[78] (N/A, 2015, Japan)

12-F

-

-

9-M

-

AAC as probable complication of infection-associated
anti-phospholipid syndrome

10-F

-

Ampicillin, gentamicin,
metronidazole
Antibiotics (not specified)

7-F
10-F

-

Cefotaxime
Antibiotics (not specified)

Patient coming from South-East Asia

14-F

-

Antibiotics (not specified)

11-F

-

-

high-dose prednisolone for 3 d

6-F
15-F

-

N/A

Only supportive therapy

17-F

-

Antibiotics (not specified)

UDCA, analgesics, and relaxants

6-M

N/A

Majdalani et al[57] (EBV, 2016,
Lebanon)
Rodà et al[79] (EBV, 2016, Spain)
Özkaya et al[18] (Henoch-Schonlein
purpura, 2016, Turkey)
Gomes et al[58] - (HHV-6, 2016,
Portugal)

Case of eosinophilic cholecysitis without evidence of
other eosinophilic disease

16-F

Laparoscopic
cholecystectomy
-

9-M
11-M

2-M
7-M
3-M
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Laparotomic
cholecystectomy
-

Ciprofloxacin,
metronidazole
Ceftriaxone
Antibiotics (not specified)

Emphysematous AAC associated with secondary
appendicitis. Bile bacteriology revealed E. Coli and
Ebterococcus spp

Concomitant nephrotic syndrome and EBV infection

-
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Naselli et al[23] (ALL-T, 2017,
United Kingdom)
Aguilera-Alonso et al[60]
(Plasmodium falciparum, 2018,
Spain/Equatorial Guinea)
Ismaili-Jaha et al[59] (Ascaris
lumbricoides, Albania, 2018)
Ng et al[80] (N/A, concomitant
pneumonia, 2018, Australia)

12-M

-

Piperacillin-tazobactam,
metronidazole
Clindamycin, cefotaxime,
metronidazole

Neutropenia during chemotherapy (dexamethasone,
daunorubicin, vincristine, PEG-asparaginase)
Intravenous quinine as soon as definitive diagnosis was
achieved

5-F

-

1-F, 2-F,
4-F,
10-M
7-M

-

Antibiotics (not specified)

Mebendazole

-

Ceftriaxone, metronidazole

AAC: Acute acalculous cholecystitis; CMV: Cytomegalovirus; EBV: Epstein-Barr virus; HAV: Hepatitis A virus; HHV: Human herpes virus; RUQ: Right
upper quadrant; UDCA: Ursodeoxycholic acid.

benefited from percutaneous cholecystostomy, as three
of them returned to normal gallbladder function, and this
interventional procedure obviated cholecystectomy in the
remaining three children until they were in such a clinical
[84]
condition to endure it .
In summary, the current therapeutic management
of AAC in children is mostly conservative, but hospital
admission should be recommended in order to monitor
the clinical and sonographic evolution in any individual
case. Indeed, as mentioned previously, the study by
[82]
Huang et al
reported a mortality rate of 15%, and
[85]
more recently, Lu et al
showed that 29.25% of their
pediatric patients needed the intensive care unit, and
around 9.5% died. Again, concomitant sepsis was the
main comorbidity in fatal AAC cases, but also other
[82,85]
severe or lethal complications may develop
.
Regardless of the etiology or the clinical condition,
supportive therapy (analgesia, rehydration) is mandatory.
Moreover, oral feeding is usually suspended until the
amelioration in order to avoid stimulation of bile production,
and the evacuation of gastric contents via nasogastric
tube may be appropriate in some cases. Consequently,
intravenous fluid replacement and parenteral nutrition is
[5,6]
paramount . Importantly, children must receive effective
pain relief through nonsteroidal anti-inflammatory drugs,
while opiates should be avoided. Finally, considering the
frequent implication of infections in the development
of AAC, antibiotic therapy should almost always be
recommended and should include antibiotics against both
gram-negative and anaerobic microorganisms, unless
there is a different indication from the clinical situation
and/or microbiological results. Antibiotic therapy is often
prescribed even in AAC cases with a high suspicion of
viral infection in order to prevent further complications,
as described in Table 3. Most used antibiotics were a
variable combination of a third generation cephalosporin,
[86,87]
gentamicin and metronidazole
. Unfortunately, specific
guidelines for pediatric cholecystitis are not available, and
controlled studies are necessary to establish the most
appropriate medical management of pediatric AAC.

Importantly, the therapeutic management of pediatric
AAC significantly differs from adults. Indeed, according
to our literature review, most cases in children have been
conservatively managed, while the surgical procedure
(namely, laparotomic or laparoscopic cholecystectomy)
was required in a minority of cases. Importantly,
cholecystectomy was mostly performed in children
developing AAC due to systemic bacterial infections or
with no clear etiology. Indeed, those patients were more
prone to complications (e.g., empyema, perforation),
which represents the main indication for surgery in
children. Most pediatric AAC cases were associated with
viral infections (in particular, HAV and EBV), which showed
lower rates of complications. In these cases, supportive
management (including appropriate rehydration,
temporary suspension of oral feeding and analgesic
therapy) was sufficient. However, in almost all cases,
wide-spectrum antibiotic therapy has been implemented
despite the viral etiology. It is not always possible to
immediately achieve a conclusive etiologic diagnosis,
and that may be the reason why antibiotics are often or
initially used. Therefore, in the management of pediatric
AAC, pediatricians should be aware that many cases have
a good prognosis and are often due to viral illnesses;
however, if or until the viral nature is not completely
evident, it is still recommended to start an appropriate
antibiotic therapy. Moreover, children with AAC should
always be admitted to the hospital to provide a tight
clinical and sonographic follow-up, which can allow for
quick response after complications that require a surgical
approach.
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Core tip: Ultra-low passage and in-depth characterized
tumor models are highly desirable for basic research
and assessment of individual response prediction to
current or novel therapy regimens. Here, for the first
time, we describe three patient-derived rectal cancer
cell lines established either directly from patient’s tumor
samples or after xenografting. These tumor models
were characterized according to phenotype, molecular-,
as well as growth and morphological features and
sensitivity to chemotherapeutic drugs and radiation,
including radiochemotherapy. In addition, glucose
18
metabolism was assessed with F-fluorodeoxyglucose
18
and proliferation with F-fluorothymidine. These cell
lines provide excellent tools for basic and translational
research of rectal cancers’ biological characteristics.

Abstract
AIM
To establish patient-individual tumor models of rectal
cancer for analyses of novel biomarkers, individual
response prediction and individual therapy regimens.
METHODS
Establishment of cell lines was conducted by direct in
vitro culturing and in vivo xenografting with subsequent
in vitro culturing. Cell lines were in-depth characterized
concerning morphological features, invasive and
migratory behavior, phenotype, molecular profile
including mutational analysis, protein expression, and
confirmation of origin by DNA fingerprint. Assessment
of chemosensitivity towards an extensive range of
current chemotherapeutic drugs and of radiosensitivity
was performed including analysis of a combined radioand chemotherapeutic treatment. In addition, glucose
18
metabolism was assessed with F-fluorodeoxyglucose
18
(FDG) and proliferation with F-fluorothymidine.

Gock M, Mullins CS, Bergner C, Prall F, Ramer R, Göder
A, Krämer OH, Lange F, Krause BJ, Klar E, Linnebacher
M. Establishment, functional and genetic characterization of
three novel patient-derived rectal cancer cell lines. World J
Gastroenterol 2018; 24(43): 4880-4892 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i43/4880.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i43.4880

RESULTS
We describe the establishment of ultra-low passage
rectal cancer cell lines of three patients suffering from
rectal cancer. Two cell lines (HROC126, HROC284Met)
were established directly from tumor specimens while
HROC239 T0 M1 was established subsequent to
xenografting of the tumor. Molecular analysis classified
all three cell lines as CIMP-0/ non-MSI-H (sporadic
standard) type. Mutational analysis revealed following
wt
wt
wt
mutational profiles: HROC126: APC , TP53 , KRAS ,
wt
wt
mut
wt
BRAF , PTEN ; HROC239 T0 M1: APC , P53 ,
KRAS mut , BRAF wt , PTEN mut and HROC284Met: APC wt ,
P53 mut , KRAS mut , BRAF wt , PTEN mut . All cell lines could be
+
characterized as epithelial (EpCAM ) tumor cells with
equivalent morphologic features and comparable growth
kinetics. The cell lines displayed a heterogeneous
response toward chemotherapy, radiotherapy and
their combined application. HROC126 showed a highly
radio-resistant phenotype and HROC284Met was more
susceptible to a combined radiochemotherapy than
18
HROC126 and HROC239 T0 M1. Analysis of F-FDG
uptake displayed a markedly reduced FDG uptake of all
three cell lines after combined radiochemotherapy.

INTRODUCTION
Since two decades our understanding of colorectal
carcinoma (CRC) as a heterogeneous disease entity in
terms of both molecular carcinogenesis and morphologic
[1]
multistep pathways has steadily grown . Meanwhile,
three major molecular carcinogenesis pathways have
been identified: (1) Chromosomal instability (CIN);
(2) microsatellite instability (MSI); and (3) CpG island
methylator phenotype (CIMP) or epigenetic instability
[2,3]
[4]
pathways . In conclusion, Jass et al classified CRCs
into 5 molecular subtypes primarily by underlying types
of genetic instability and presence of DNA methylation:
(1) CIMP-H/MSI-H; (2) CIMP-H/non-MSI-H; (3) CIMP-L/
non-MSI-H; (4) CIMP-0/non-MSI-H (spStd); and (5)
CIMP-0/MSI-H. But these molecular subtypes are not
[5]
distributed equally along the large bowel. Yamauchi et al
could show that clinicopathological and molecular features
of CRCs differed depending on the bowel subsite of the
tumor.
Recent algorithms for treatment of locally advanced
rectal cancer consist of neoadjuvant chemoradiation
(nCRT) followed by rectal resection and total mesorectal
excision (TME). Currently, beside clinical evaluation,
imaging modalities including endorectal ultrasound,
computed tomography (CT), magnetic resonance
18
imaging (MRI) as well as F-fluorodeoxyglucose (FDG)
positron emission tomography-computed tomography
18
( F-FDG-PET/CT) are used for staging, assessment of
[6,7]
response to nCRT, and restaging after nCRT . However,

CONCLUSION
These newly established and in-depth characterized
ultra-low passage rectal cancer cell lines provide a
useful instrument for analysis of biological characte
ristics of rectal cancer.
Key words: Patient-derived tumor model; Rectal cancer;
18
18
F-fluorodeoxyglucose; F-fluorothymidine; FOLFOX;
FOLFIRI; Personalized medicine
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accuracy of parameters derived from these imaging
modalities, especially for predicting a pathological
complete response (pCR) after nCRT, is currently limited
[6,7]
due to their low sensitivity and specificity .
In the last decade, many patient-individual tumor
[8,9]
models of CRC could be generated by us and others .
But no novel rectal cancer models have been published
up to now.
In this study, we describe the establishment and
functional characterization of three patient-derived rectal
cancer cell lines along with corresponding patient-derived
xenografts (PDX). A broad analysis of tumor biology,
genetic alterations, protein expression, and assessment
of chemosensitivity towards a range of chemotherapeutic
drugs and of radiosensitivity was performed.
In addition, an analysis of the metabolism of the
18
glucose analogue F-FDG was carried out. Due to their
18
higher glucose metabolism, F-FDG is differentially
[10]
taken up by malignant cells . This phenomenon can be
18
assessed by molecular imaging with F-FDG-PET/CT and
may be used to detect tumors’ therapy responses, that
are either not apparent with other morphological imaging
modalities or may precede a significant tumor shrinkage
[11]
18
by weeks or months . Furthermore 3-deoxy-3- F18
18
fluorothymidine ( F-FLT) uptake was analyzed. F-FLT
is intracellularly trapped when monophosphorylated
18
by thymidine kinase 1 and F-FLT-PET uptake reflects
activity of thymidine kinase 1 which is elevated during
18
the S phase of the cell cycle. Thus, F-FLT-PET uptake
[12]
mirrors tumor cell proliferation .
Considering these aspects, our characterized matched
in vitro and in vivo tumor models represent excellent
tools for further development of individual response
prediction, therapy regimens, and might prove especially
valuable to gain additional insights in the tumor biology
of rectal cancer.

human material approved by the Ethics Committee of the
Medical faculty, University of Rostock (reference number
Ⅱ HV 43/2004) only after informed patient consent was
obtained in written. In vivo experimental procedures
were carried out according to the recommendations in
the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health. The experimental
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, 18059 Rostock, Germany; permit number: LALLF M-V/
TSD/7221.3-1.1-071-10).

Cell culture

The rectal cancer cell lines HROC126, HROC239 T0
M1 and HROC284Met as well as the control CRC cell
line HCT116 were cultured in T75 culture flasks using
Dulbecco’s modified Eagle medium (DMEM) /Ham’s F12
supplement with 2 mmol/L L-glutamine and 10% FCS
(all cell culture reagents were obtained from Pan Biotech,
Aidenbach, Germany).

Histology and immunohistochemistry of original tumors
and PDX

Hematoxylin and eosin (HE)-stained primary tumors and
[15]
corresponding PDX were clinicopathologically staged ,
and additional information was extracted from clinical
charts.

Mutational and methylation profile of tumor-associated
target genes and determination of CIN levels

Molecular classification was performed as described
[3]
before . Mutation status of the genes APC, TP53, KRAS,
PIK3CA, PTEN and BRAFV600E were analyzed. DNAmethylation was checked using a modified marker panel
[16]
originally published by Ogino et al . CIN was assessed
using the SNP Array 6.0 from Affymetrix (Cleveland, OH,
United States).

MATERIALS AND METHODS
Tumor preparation, establishment of PDX and cell line
establishment

DNA identitiy check

Primary rectal cancer resection specimens of HROC126,
HROC239 and resection specimens of a rectal cancer
liver metastasis (HROC284Met) were received fresh from
surgery, with informed written patient consent. Tumor
samples cut into small pieces (3 mm × 3 mm × 3 mm)
were vitally frozen in freezing medium [fetal calf serum
(FCS) containing 10% DMSO] at -80 ℃ for subsequent
xenografting. Snap-frozen pieces were stored at -160 ℃
for subsequent molecular analysis. Cell line establishment
[13]
was adapted according to Maletzki et al .
Six-week-old female NMRI nu/nu mice were used as
recipients for subcutaneous tumor in vivo engraftment as
[14]
described before . Established xenograft tumors (max.
3
1.500 mm ) were removed and taken into culture as
described above.
Procedures involving patient material were in accor
dance with generally accepted guidelines for the use of

WJG|www.wjgnet.com

Genomic DNA was isolated from cell lines, matched
tumor and normal tissue, PDX tissue as well as
®
corresponding B cells using the Wizard Genomic
DNA Purification Kit (Promega Madison, WI, United
States). Highly polymorphic short tandem repeat (STR)
DNA marker (CSF1PO, TPOX, THO1, vWA, D16S539,
D13S317, and D7S820) and the marker amelogenin for
gender determination were used by taking advantage of
[17]
published PCR primers .

Generation of peripheral B cell cultures

Peripheral blood mononuclear cells were isolated by
density-gradient centrifugation. B-lymphoid cell lines
(B-LCLs) were generated via Epstein-Barr virus (EBV)[18]
transformation . Outgrowing B-LCL cultures were
harvested, expanded, characterized by flow cytometry,
and frozen down in a master cell bank.
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In vitro growth kinetics, ploidy and cell cycle analysis

cells reached 30%-40% confluency, cultures were
exposed to increasing concentrations of 5-FU, oxaliplatin,
irinotecan, combination of 5-FU and oxaliplatin (FOLFOX)
and combination of 5-FU and irinotecan (FOLFIRI) (freshly
provided by pharmacy of the University Medical Center
Rostock). After 72 h, media and therapeutics were
refreshed. Following another 72 h, 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 radiated with
137
different doses up to 60 Gy using a Cs-source were
seeded into 96-well microtiter plates in triplicates (1 ×
5
10 cells per well and six serial two-fold dilutions). Control
cells were not radiated. After 4 and 7 d, triplicate plates
were analyzed for total cell growth using crystal violet as
described above.
For analysis of combined radio- and chemosensitivity,
cells were seeded and exposed to increasing drug
concentrations as described above. After three days of
exposure, media were replaced and cells were radiated
with 50 Gy. Following another three days, triplicate plates
were analyzed for total cell growth.

Doubling times of HROC126, HROC239 T0 M1 and
HROC284Met cells were determined from serial passages.
5
2
Five times 10 cells were seeded into 25-cm flasks and
viable cells (defined by trypan blue exclusion) were
subsequently counted for seven consecutive days.
Cultures were fed when needed. Cell cycle and ploidy
were determined by flow cytometry (FACSCalibur, BD
Biosciences, Heidelberg, Germany) using fixed (70%
ethanol) and RNase A digested (100 µg/mL; Sigma
Aldrich, Munich, Germany) and propidium iodide (10
µg/mL) stained cells. For each sample, at least 10000
events were measured. Cell cycle analysis was done by
taking advantage of the Modfit software (Verity Software
House, Topsham, ME, United States) using matched
B-LCLs as diploid controls.

Flow cytometric phenotyping of primary cell line

Levels of markers expressed on the cells’ surface
were determined by flow cytometry with and without
interferon (IFN)-γ pre-treatment using a panel of
FITC-, PE- or APC-conjugated antibodies: CD26, CD29,
CD44, CD49a, CD50, CD56, CD58, CD66acde, CD71,
CD73,CD90, CD102, CD166, human leukocyte antigen
(HLA)-ABC (Immunotools, Friesoythe, Germany);
CD152, CD275, CD278, CD326, β2-M, HLA-DR, HLA-E,
HLA-G (Miltenyi Biotec, Bergisch- Gladbach, Germany),
Ki-67 (Biolegend, San Diego, United States) and HLA-A2
(cell culture supernatant clone BB7.2). For HLA-A2,
a polyclonal, secondary FITC-conjugated anti-mouse
serum was used (Dako, Hamburg, Germany). Sample
analysis was done by CellQuest (BD Biosciences).

Western blot

Mycoplasma and human viral infection

18

Presence or absence of mycoplasma as well as potential
polyomavirus infection (JC/BK and SV40) was tested as
[19]
described before .

F-FLT and 18F-FDG uptake
18

18

For analysis of F-FDG and F-FLT uptake, rectal
cancer cells were seeded into 24-well microtiter plates
5
at 1 × 10 cells/well in complete culture medium. At
day 1, cells were either exposed to FOLFOX at an IC25
concentration alone or radiated (50 Gy) alone or exposed
to combinations thereof, whereas control cultures were
treated with solvent. After three days of exposure,
media were removed and substituted by DMEM (Fisher
Scientific, Schwerte, Germany) without FCS, glucose,
glutamine, and incubation continued for 1 h before
18
F-labeled tracers (0.5 MBq/mL culture medium) were
added. Thirty minutes later, incubation was terminated
by aspirating the medium and rinsing the cell layer
three times with ice-cold PBS. The cells were solubilized
18
with 0.1 mol/L NaOH, and incorporated F activity
was determined using a gamma counter (WIZARD2
10-Detector Gamma Counter, Perkinelmer, Waltham, MA,
United States). Counts per minute were normalized on
total protein level of the cells using a commercial Bradford
assay (Bio-Rad Laboratories, Munich, Germany).
18
18
F-FDG and F-FLT uptake of treated cells is
expressed as percent of controls exposed to the solvent
only (n = 10 per cell line and experimental condition).

Migration and invasion assay

Tumor cell invasion capacity was tested using the
classical Boyden chamber test (8-µm pore size in a
24-well plate format) with Matrigel-coating (both BD
5
Biosciences). Two times 10 cells were seeded in 500 µL
serum-free medium per upper Boyden chamber. Medium
supplemented with 10% heat-inactivated FCS served as
chemo-attractant in the lower Boyden chamber. Three
days later, the non-invading cells on the surface of the
upper inserts were removed and viability of cells on the
lower surface was measured by the 4-[3-(4-iodophenyl)2-(4-nitrophenyl)-2H-5-tetrazolio]-1,6-benzene
disulfonate (WST-1) test (Roche Diagnostics, Mannheim,
Germany). In parallel experiments, for cells’ capacity
to migrate were tested using uncoated upper Boyden
chambers.

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
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[20]

Western blot was done as previously described .
Antibodies specific for the following targets were from
Santa Cruz (Heidelberg, Germany): BAX, histone
deacetylase 2 (HDAC2), HDAC1, and p53. Anti-survivin
was obtained from Novus Biologicals (Cambridge, United
Kingdom). HSP90 antibody was provided by Enzo Life
Sciences (Lörrach, Germany).
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analysis revealed an UICC stage ⅢC [pT4 pN2b (7/20)
cM0] tumor and a regular adjuvant RCT was added. After
five years of follow up, this patient is likewise in complete
remission.
The third patient (HROC284) suffered from a rectal
cancer of the middle third and preoperative staging
revealed an UICC ⅢB stage (cT3 cN1 cM0). A regular
preoperative neoadjuvant RCT consisting of 50.4 Gy and
5-FU was performed; thereafter, a low anterior resection
with complete TME was conducted. Postoperative
pathological examination showed an UICC Ⅲ B [ypT2
pN2a (4/13) cM0] tumor stage. The patient developed
after 6 mo a singular liver metastasis that could be
resected completely. Subsequently, she developed
further irresectable liver metastases and a chemotherapy
consisting of FOLFIRI and bevacizumab was administered.
Unfortunately, the tumor showed only a partial remission
with the additional diagnosis of lung metastases. The
patient died 22 mo after the operation due to tumor
progression with liver and lung metastases.

Table 1 Cell line establishment protocol
Tumor ID

Direct cell line Cell line from Corresponding
establishment
xenograft
xenograft

HROC126
HROC239 T0
M1
HROC284Met

Paired
B-LCL

+
-

+

+
+

+
+

+

-

+

+

+: Positive; -: Negative; B-LCL: B-lymphoid cell line.

Invasion
Migration

Control (%)

100
75

b

b

50

b

25

b

b

et
4M
C2
8

HR
O

HR

O

C2

39

T0

M

6
C1
2

16

HR
O

HC
T1

1

0

Establishment of permanent cell lines and PDX models

In vitro and in vivo approaches were combined as
[13]
described previously
for establishment of matching
cell lines and PDX. With this method, direct cell line
establishment could be achieved in two out of three
cases (HROC126 and HROC284Met) with HROC239 T0
M1 originating from a parallel PDX (Table 1).
Outgrowth of cells in culture occurred immediately.
Doubling times of the cell lines were 34.8 h for HROC126,
28.8 h for HROC239 T0 M1 and 38.1 h for HROC284Met.
Tumor formation in immunodeficient NMRI nu/nu mice
could be observed as fast as 1-3 mo after the tumor
engraftment. Histological analysis showed that tumor
architecture was preserved in the PDX compared to the
original patient tumor architecture (data not shown).
Analysis of invasion and migration revealed a
significant reduced infiltrative activity of HROC126 and
of HROC239 T0 M1 compared to the reference line
HCT116 (t-test, P < 0.05), while infiltrative activity of
HROC284Met was comparable to HCT116.
Regarding the migratory activity, all three cell lines
(HROC126, HROC239 T0 M1 and HROC284Met) were
significantly less migratory active (t-test, P < 0.01)
through uncoated Boyden chambers then the HCT116
reference cell line (Figure 1).

Figure 1 Migratory potential and invasiveness of individual rectal
cancer cell lines. Invasion and migration of HROC126, HROC239 T0 M1 and
HROC284Met were analyzed in comparison to reference cell line HCT116.
Cells were subjected to migration assay (migration, grey bars) and matrigel
invasion assay (invasion, black bars). Values are mean ± SEM of n = 3; t-test
b
P < 0.01 vs HCT116.

Statistical analysis

Values are reported as mean ± SEM from at least
three measurements. After proving the assumption of
normality, differences were determined by the unpaired
Student’s t-test. Mean group differences were checked
by the Kruskal-Wallis test before for multiple comparisons
subgroups were tested with post hoc Dunn’s test. All
statistics were performed using GraphPad Prism 5.0
(GraphPad Software, San Diego, CA, United States).

RESULTS
Clinicopathological characteristics of the primaries and
origin of cell lines

We report on three female patients suffering from rectal
cancer with an age of 58, 72, and 67 years. The first
patient (HROC126) suffered from a carcinoma of the
middle rectal third. Preoperative staging revealed an
Union for International Cancer Control (UICC) stage Ⅱ
(cT2 cN0 cM0) tumor and a low anterior resection with
complete TME was performed. Interestingly, pathological
examination showed an UICC stage Ⅲ B tumor [pT3
pN1b (4/13) cM0], therefore a regular adjuvant radiochemo-therapy (RCT) was conducted. After five years of
follow up, the patient is still in complete remission.
The second patient (HROC239) suffered from a
rectal cancer of the upper third and preoperative staging
revealed an UICC stage ⅢB tumor (cT3 cN+). A regular
anterior rectal resection was performed. Pathological
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Morphology and viral contamination

As determined by phase contrast microscopy, cells of
all three HROC lines adhered tightly to the cell culture
flasks. The cell lines were growing as monolayers
on conventional tissue culture plastic and showed a
stable outgrowth as defined by passaging > 40 times.
HROC284Met cells proliferated as polygonal cell clusters
with more regular dimensions, while HROC126 and
HROC239 T0 M1 cells formed tightly packed multicellular
islands (Figure 2). Morphology did not change during long
term passage (up to 40 passages) (data not shown).
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Figure 2 Morphology and phenotype of individual rectal cancer cell lines. A: Light microscopy of freshly established tumor cell lines (all passage 6-11). Cell lines
were established from patients’ tumor material as described in material and methods. Original magnification × 100; B: Phenotyping was conducted by flow cytometry
(BD FACSARIA Ⅱ) using fluorochrome-labeled mAbs as given on the x-axis. Exemplary data of one analysis out of three biological replicates are given. Some
markers display a high variation in dependence from cell density in the culture vessels. HLA: Human leukocyte antigen.

As determined by semi-quantitative PCR, HROC126,
HROC239 T0 M1 and HROC284Met cell lines were free
of mycoplasma and several other potential contaminants
(JC/BK and SV40) which have been described for
(colorectal) cell lines (data not shown).

and HROC284Met showed a moderate expression of HLA
class Ⅱ (HLA-DR), while HROC239 T0 M1 showed no
expression. In addition, all three tumor models presented
a distinct expression of HLA-E and HLA-G molecules
which are involved in immune suppression (Figure 2).
Additional immune evasion molecules analyzed
included CD73 which was highly expressed by all three
cell lines. Lower levels were observed for CD278 [inducible
co-stimulator (ICOS)], CD275 (B7-H2) and CD152
[cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)]
(Figure 2).

Phenotyping

The epithelial phenotype of all three cell lines was
confirmed by high positive immunoreactivity for CD326
(EpCAM) while expression of CD66abcd (CEACAM)
differed. HROC126 and HROC239 T0 M1 showed
moderate to high expression of CD66abcd, while
HROC284Met showed no expression (Figure 2).
A more detailed characterization revealed very
heterogeneous expression of adhesion and co-stimulatory
factors (moderate to high expression of CD44, CD58 and
CD166 but low to absent expression of CD49a, CD50
and CD102) (Figure 2). Further analysis showed a high
to moderate expression of CD26 and CD29, which have
been described as stem cell and metastasis-promoting
[21,22]
surface receptors
(Figure 2).
The proliferation marker CD71 was highly expressed
by all three cell lines (Figure 2) reflecting high prolife
rative activity of the tumor cells.
Regarding HLA molecules that play an important role
in specific immune recognition and tumor cell defense,
all three cell lines showed a high expression of HLA
classⅠ (β2M and pan-HLA-ABC) molecules. HROC126
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Molecular characterization

To verify the genetic identity of our established tumor
models to the parental tumors, a DNA fingerprint
was performed. Several highly polymorphic STR DNA
markers that covered nine validated STR loci on different
chromosomal locations were included into this analysis.
We could confirm identity to the parental tumors in all
established cell lines and PDX from the three clinical cases
included, using this approach. Also, cross contamination
of any of the tumor cell lines with other tumor cells could
be excluded (data not shown).
Furthermore, the molecular features of the cell lines
were determined in direct comparison to the original
tumors as well as to PDX tissues. All three cases showed
a distinct degree of aneuploidy, absent MSI and no
methylation in CIMP-sensitive promotors. Thus, they
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Table 2 Molecular characterization and mutational profile of rectal cancer cell lines
Cell line
HROC126
HROC239 T0 M1
HROC284Met

CIMP-number

MSI-status

Ploidy status

TP53

APC

K-Ras

PIK3CA

BRAF

PTEN

0
0
0

Mss
Mss
Mss

Aneuploid
Aneuploid
Aneuploid

Wt
Mut
Mut

Wt
Mut
Wt

Wt
Mut
Mut

Wt
Wt
Wt

Wt
Wt
Wt

Wt
Mut
Mut

Wt: Wildtype; Mut: Mutated; CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; Mss: Microsatellite stable.

HC
T1
HC 16
T1
HR 16
O P5
HR C12 3 -/O 6
C
HR 239
O
C2 T0
8 4 M1
M
et

chemotherapeutic drugs and concomitant radiation
therapy has become more and more valuable due to
huge heterogeneity of individual tumor responses to
established therapy regimens. Thus, sensitivity of the
three cell lines to a panel of current chemotherapeutic
drugs and their combination was assessed using
standard proliferation and cytotoxicity assays.
Analysis of drug sensitivity to single substances of
5-FU, irinotecan and oxaliplatin showed an individual
response of all three cell lines, with HROC239 T0 M1
being more resistant to oxaliplatin (IC50 = 2.4 µg/mL)
(Table 3). Doses were comparable or lower than
achievable plasma concentrations in patients (Table 3).
Combination of drugs, currently administered in
intensified therapy regimens, FOLFIRI and FOLFOX
showed again a good response of all three cell lines,
with HROC284Met being less susceptible to FOLFIRI and
FOLFOX than HROC126 and HROC239 T0 M1 (Figure 4).
Next step was evaluating the resistance of the
cell lines to γ-radiation. Here, all cell lines showed a
remarkable resistance to radiation and even radiation
with 50 Gy could not prevent further growth of the cell
lines; particularly HROC126 displayed a highly radio
resistant phenotype (Figure 4).
At last, as actual neoadjuvant regimens for advanced
rectal cancer consist of a combined radiochemotherapy
(FOLFOX or FOLFIRI with 50 Gy), this was administered
to the cell lines. Furthermore, an individual response of
all three cell lines could be observed, with HROC284Met
being more susceptible than HROC126 and HROC239
T0 M1. Again, when patient plasma levels are set for
reference, measured IC50 concentrations were below
those plasma concentrations (Figure 4).

HDAC1

kDa
70

HDAC2

55

p53

55
25

BAX

15
100

Survivin
HSP90

Figure 3 Expression of p53 and some of its targets in individual rectal
cancer cell lines. Western blot analysis of untreated HROC126, HROC239 T0
M1 and HROC284Met cells compared to HCT116 (p53 wildtype) and HCT116
p53-/- was performed. The levels of HDAC1, HDAC2, p53, BAX and survivin
were assessed using specific antibodies. HSP90 was used as loading control.

can all be classified as CIMP-0/ non-MSI-H (spStd) type.
HROC126 presented wild type APC, TP53, KRAS, and
BRAF genes, while HROC239 T0 M1 presented mutations
in the APC, KRAS, TP53, and PTEN genes with a BRAF
wild type. HROC284Met presented with a mutation in the
KRAS and PTEN gene and in addition a BRAF wild type
(Table 2).

Western blot

To confirm that HROC126 cells have wild type p53,
HROC239 T0 M1 cells have mutant p53, and to gain
insight into the p53 status of HROC284Met cells, we
performed Western blot analyses for p53 and some
of its target genes. Since epigenetic regulators of the
histone deacetylase family are frequently dysregulated
in colon cancer cells, we also tested for their expression.
P53-positive and p53-negative HCT116 cells served as
control.
All new HROC cell lines were positive for HDAC1
and HDAC2 (Figure 3). HROC126 and HROC239 T0
M1 carried undetectable levels of p53, which can be a
[23]
marker for active wild type p53 or a loss of p53 . While
HROC239 T0 M1 cells expressed the p53 target gene BAX
avidly, HROC126 expressed very low levels of this protein.
HROC284Met showed high p53 expression, which is a
typical feature of mutant p53. This ties in with its low level
of BAX and increased level of survivin (Figure 3).
These data verify our genetic analyses and suggest
that the p53 status of our novel cellular models reflects
p53 activity.

Uptake of 18F-FDG, 18F-FLT and Ki-67 expression
18

Analysis of F-FDG uptake showed an individual
response of all three cell lines.
HROC239 T0 M1 is the only cell line that presented
a reduced glucose uptake after chemotherapy,
whereas HROC126 and HROC284Met were sensitive
to single radiation treatment (Figure 5). Only after
radiation, a significant reduction of tracer uptake was
determined in these two cell lines. In HROC239 T0
M1 cells, the application of FOLFOX at an IC25 dose led
18
to a reduced F-FDG uptake. All three tumor models
18
displayed a reduced F-FDG uptake after a combined
radiochemotherapy.
18
Regarding uptake of F-FLT, which might reflect
higher tumor cell proliferation activity, we found mixed
results. Interestingly, HROC126 and HROC284Met

In vitro drug response and analysis of radiosensitivity

Response testing of individual tumor cell lines to current
WJG|www.wjgnet.com
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Table 3 Half maximal inhibitory concentration values of antitumor drugs
Cell line

5-FU (µg/mL)

HROC126
HROC239 T0 M1
HROC284Met
Plasma levels (pharmacokinetic)

Irinotecan (µmol/L)

0.42
21
7
50

Oxaliplatin (µg/mL)

0.72
4.4
4.3
10

0.3
2.4
0.68
2

Values are given as mean, resulting from at least three independent experiments each performed in triplicates. 5-FU: 5-Fluorouracil.
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Figure 4 Analysis of chemo- and radiosensitivity. A: Sensitivity of individual rectal cancer cell lines to FOLFOX and FOLFIRI chemotherapy; B: Sensitivity of cell
lines to combination of irradion with 50 Gy and chemotherapy with FOLFIRI or FOLFOX; C: Radiosensitivity of rectal cancer cells. Cells were irradiated to different
doses using a 137Cs-source. Cell viability of all experiments was measured using crystal violet assay. Values represent the mean absorbance at 570 nm ± SEM of n =
3 analyses; t-test aP < 0.05 vs control, bP < 0.01 vs control, cP < 0.0001 vs control.

displayed a similar response pattern as shown in the FDG
trials. In both cell lines, FLT uptake was elevated after
FOLFOX treatment, whereas a single radiation therapy
showed a lower thymidine uptake in comparison with
single chemotherapy or combination with FOLFOX. In

WJG|www.wjgnet.com

HROC239 T0 M1 cells, a markedly but not significantly
higher uptake of FOLFOX treated cultures compared to
control was observed. Again, radiation alone displayed
a lower number of counts in comparison to FOLFOX
treatment or controls.
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Figure 5 18F-fluorodeoxyglucose and 18F-fluorothymidine uptake. Subconfluent-growing rectal cancer cells were either radiated (50 Gy), treated with FOLFOX
(IC25) or challenged with combinations thereof. Rectal cancer cells were incubated with 18F-fluorodeoxyglucose or 18F-fluorothymidine, and uptake was quantified
as described in the “materials and methods” section. Counts per minute were normalized to total protein content of the samples. One hundred percent 18F uptake
corresponds to solvent-treated cancer cells (n = 10); aP < 0.05 vs control cultures (Kruskal-Wallis test with post hoc Dunn’s test). 18F-FDG: 18F-fluorodeoxyglucose;
18
F-FLT: 18F-fluorothymidine.

To gain additional information on the proliferation
status of the cell lines under treatment, a flow
cytometric analysis of Ki-67 expression was performed.
In all treatment groups (FOLFOX, radiation, combined
FOLFOX and radiation), HROC126 and HROC239 T0
M1 showed a significantly reduced expression of Ki-67
compared to untreated controls. HROC284Met revealed
a significantly reduced expression of Ki-67 in the
radiation and combination group (FOLFOX and radiation)
and a markedly reduced activity in the FOLFOX group
(Supplementary Figure 1).

rectal cancer models have been published up to now.
Here, we describe the establishment and functional
characterization of three patient-derived rectal cancer cell
lines that could be established from fresh patients’ tumor
samples for the first time.
These established cell lines reproduce the original
molecular signature of the tumor in a perfect way. In
addition, PDX models of the original tumors could be
established. PDX models show high morphologic and
molecular correspondence with the analogous patient
tumor, facilitating pharmacologic studies to predict clinical
[27,28]
response
.
While HROC126 and HROC239 T0 M1 were ob
tained from locally advanced rectal cancer primaries,
HROC284Met was acquired from a liver metastasis. Thus,
the established rectal cancer cell lines may represent
valuable models for advanced rectal cancer that
requires multimodal therapy according to international
[29]
guidelines .
Regarding growth kinetics and to some aspect morph

DISCUSSION
In the last decade, many patient-individual tumor models
[8,9]
of colonic cancer were established by our lab and others .
These models have shown to be extremely helpful in
[9,24]
decoding colorectal cancers’ molecular heterogeneity
[25]
and identification of novel biomarkers , druggable
[26]
targets and novel treatment strategies . But no novel
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[32]

ology, the three cell lines displayed some variations.
While migratory activity was comparable between all
three cell lines, HROC284Met showed a significantly
higher infiltrative activity compared to HROC126 and
HROC239 T0 M1. This fact might reflect the worse clinical
outcome of HROC284Met in terms of a metastatic and
rapid progressive disease.
The epithelial phenotype of all three lines was con
firmed by high positive immunoreactivity for CD326
(EpCAM); while expression of CD66abcd (CEACAM) was
heterogeneous with HROC284Met showing even no
expression of this tumor antigen. Further characterization
revealed very heterogeneous expression of adhesion and
co-stimulatory factors (moderate to high expression of
CD44, CD58 and CD166 but low to absent expression
of CD49a, CD50, and CD102). Interestingly, a high to
moderate expression of CD26 and CD29, which have
been described as stem cell and metastasis-promoting
[21,22]
surface receptors
could be shown. Reflecting
the high proliferative activity of the tumor cells, the
proliferation marker CD71 was highly expressed in all
three cell lines.
As tumor immune escape mechanisms play a more
and more important role in clinical oncology, we ana
lyzed several key molecules of immune escape. All
three cell lines express high levels of CD73, which has
been described as immune-evasion molecule and over
[30]
expression was observed in various tumor tissues .
Interestingly, a moderate expression of CD152 (CTLA-4)
could be demonstrated, especially in HROC126 and
HROC284Met. CTLA-4 is an immunoglobulin superfamily
receptor and was the first immune-checkpoint receptor
[31]
that was clinically targeted using blocking antibodies .
This finding suggests that the rectal cancer tumor
models could also help to develop immune checkpoint
inhibiting strategies and to optimize immune-therapeutic
applications.
Regarding HLA molecules that play an important role
in specific immune recognition and tumor cell defense,
expression of HLA classⅠ molecules was preserved in
all three cell lines. HROC126 and HROC284Met cells
were additionally found to be positive for HLA class Ⅱ
molecules. This provides a basis for further immunological
analysis aiming at identification of immunogenic epitopes
from shared or individual neo-antigens.
Lately, tumor sidedness has emerged as an important
prognostic and predictive element in the treatment
[32]
of CRC . Clinicopathological and molecular features
of CRCs differ depending on the bowel subsite of the
[5]
tumor . The molecular profiles of all three rectal
cancer cell lines were associated with the CIMP-0/ non[33]
MSI-H (spStd) type . This finding is not surprising as
approximately 70% of all sigmoid and rectal cancers
[34]
show the CIMP-0/ non-MSI-H (spStd) subtype .
This fact may account for the differences in the
clinicopathological features of right sided and left sided or
[35]
rectal cancers
Regarding the tumor specific mutational analysis, a
BRAF wild type could be detected in all three cell lines.
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This is not unexpected as Salem et al . analyzed 1445
rectal tumors and found a BRAF mutation in only 3.2%
of all examined tumor samples. Likewise, the observed
mutations of KRAS, TP53 and APC in HROC239 T0 M1
and HROC284Met correlate with the frequent mutation
of these genes in rectal tumors ranging from 50%- 66%.
Of interest, a PTEN mutation was found in HROC239
T0 M1 and in HROC284Met, while several studies could
[35]
show that PTEN mutations are rare in rectal tumors .
Current guidelines recommend nCRT in locally
[29]
advanced rectal cancer . Hence, cell lines were tested
against a panel of current chemotherapeutical regimens.
In addition, analysis of radiosensitivity and sensitivity
of combined radio- and chemotherapy was evaluated,
particularly with regard to the known differing clinical
response rates to nCRT. In principle, all cell lines were
susceptible towards these regimens as well as to the
single substances (5-FU, irinotecan, oxaliplatin) or
combinations of drugs (FOLFOX, FOLFIRI) which are
currently administered in intensified therapy regimens.
Of note, doses were comparable or lower than plasma
concentrations measurable in patients.
Analysis of sensitivity to sole radiation showed a
remarkable resistance of HROC126 even at high radiation
doses, while HROC239 T0 M1 and HROC284Met dis
played a moderate sensitivity. As shown above, HROC239
T0 M1 and HROC284Met exhibited a PTEN mutation.
It is known that the PI3K/PTEN/AKT/mTOR signaling
pathway participates in drug resistance, tumorigenesis
[36]
and progression of cancer . These alterations have
been implicated as modulators of clinical outcomes in
[37]
patients with esophageal cancer who underwent CRT .
In particular, a loss of PTEN decreases CHK1 and TP53
activity by regulating their protein levels and promoting
[38]
genomic instability in tumor cells . In rectal cancer, a
recent study by Peng et al. could show that patients with
a PTEN mutation displayed a better response to CRT than
[39]
those with a wild-type genotype . This might contribute
to a more distinct sensitivity to radiation of HROC239 T0
M1 and HROC284Met in contrast to the PTEN wild type
HROC126.
Concerning p53 and its target gene induction, we
see no clear correlation between p53 status and the
sensitivity of our cell models to drugs and γ-irradiation.
This is not due to a lack of correlation between p53
expression and activity. The low to undetectable levels
of p53 in HROC126 and HROC239 T0 M1 cells seems
to be a marker for active wild type TP53 or a loss of
[22]
TP53, respectively . While HROC126 cells express
various p53 target genes, HROC239 T0 M1 carry very
low levels thereof (Figure 3). The mutation of TP53 in
HROC284Met agrees with TP53 mutations in advanced
[40]
cancers and metastases . The high levels of survivin,
which is a target of mutant p53 in combination with
nuclear factor kappa B (NF-кB) p65, and a suppressor
[40]
of chemosensitivity
is not reflected by our assays
assessing cellular sensitivity to drugs and γ-irradiation.
Thus, additional factors need to be considered when
molecular markers are used to predict the responsiveness
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of cancer cells to drugs and γ-irradiation. Although the
classⅠ HDAC HDAC2 is frequently dysregulated in
[23]
MSI colorectal cells , we see no loss of HDAC2 in our
systems. This might be due to the fact that a loss of
HDAC2 only affects a portion of HDAC2 positive cells in
culture (Krämer et al, unpublished observation).
Analyzing the combination of chemo- and radio
therapy, once more an individual response of all three cell
lines became evident. Identification of novel mechanisms
leading to radiation-resistance might help to overcome
[41]
this and might thus improve therapy efficacy
particularly as different responses to nCRT are associated
with differences in long-term outcomes including disease[42]
free survival . Therefore, this novel set of rectal cancer
models represents an ideal tool for further research also
in this area.
18
18
At last, we analyzed uptake of F-FDG and F-FLT
[43]
in the cell lines. Rosenberg et al
reported that the
metabolic response to nCRT in rectal cancer can be
18
correlated with histopathological response using F-FDG
PET. Analysis of glucose uptake revealed a good response
of all three cell lines. While HROC126 and HROC284Met
18
showed a significantly reduced F-FDG uptake in
radiated cultures, HROC239 T0 M1 showed a significantly
reduced uptake after FOLFOX treatment and in the
chemoradiation group. In addition, the combination of
FOLFOX and radiation resulted in all three cell lines in
18
a significantly reduced F-FDG uptake compared to
solitary FOLFOX treatment. This finding emphasizes the
18
possible use of F-FDG PET for detection of early tumor
responses and restaging after nCRT.
Many anti-cancer drugs target cell proliferation as
primary or secondary target. These changes can be
18
investigated using F-FLT PET after chemotherapeutic
18
treatment. However, F-FLT changes following
chemotherapy are inconstant and depend on the tumors
[44]
and specific treatments . In two out of the three
novel rectal cancer cell lines, FLT could be predictor
for response to a chemotherapy regimen, where an
increased FLT uptake was determined.
After radiation, all three cell lines showed a
18
significantly reduced uptake of F-FLT in comparison
to FOLFOX, reflecting an expected decline of cell
proliferation after radiation. The combined RCT treatment
18
displayed again a significantly higher uptake of F-FLT
for two of the three cell lines. This marked retention of
18
F-FLT might be triggered by 5-FU that interferes with
endogenous thymidine synthesis and can cause rapid
[45]
accumulation of thymidine kinase 1 levels . Of note,
[46]
18
Hong et al
reported that the F-FLT flare observed
during 5-FU infusion was associated with poor treatment
response in patients with mCRC. Hence, more clinical
18
studies are needed to define the role of F-FLT PET after
FOLFOX treatment.
In summary, the enormous strength of the present
study lies in the establishment and characterization of
the first pairs of matching in vitro and in vivo patientindividual rectal cancer models (cell lines + PDX).
They represent ideal tools for further development
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of personalized medicine concepts of rectal cancer.
However, given the small sampling size of n = 3, the
number of rectal cancer cases successfully transferred
into models must be considered as a limitation. Similarly,
the molecular and functional data provided could be
expanded.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

It is well known that ultra-low passage and in-depth characterized patientderived tumor models are highly desirable for basic research and for predicting
individual responses to current or novel therapy regimens.

Research motivation

To establish individual tumor models of rectal cancer from patient-derived tumor
samples to gain further insights into the biological behavior of rectal cancer.

Research objectives

Main objective of the study was the establishing and profound characterization
of new patient-derived rectal cancer cell lines with corresponding patientderived xenograft models that allow testing of drug response, translational and
basic research.

Research methods

Establishment of cell lines could be achieved by direct in vitro culturing
and in vivo xenografting with following in vitro culturing. Profound analysis
of morphological features, invasive and migratory behavior, phenotype,
molecular profile including mutational analysis, and protein expression was
done. Responsiveness to current chemotherapeutic drugs was evaluated and
sensitivity to radiation and combined radio-chemotherapy was examined. At
last the positron emission tomography (PET) tracers 18F-fluorodeoxyglucose
(FDG) and 18F-fluorothymidine were used to assess glucose metabolism and
proliferation activity respectively.

Research results

Three individual ultra-low passage rectal cancer cell lines could be established.
In vitro and in vivo experiments demonstrated that all cell lines retained their
malignant properties. Molecular analysis classified all three cell lines as
sporadic type (CIMP-0/non-MSI-H). Mutational analysis revealed an individual
mutational profile of each cell line (HROC126: APCwt, TP53wt, KRASwt, BRAFwt,
PTEN wt; HROC239 T0 M1: APC mut, P53 wt, KRAS mut, BRAF wt, PTEN mut and
HROC284Met: APC wt, P53 mut, KRAS mut, BRAF wt, PTEN mut). The cell lines
demonstrated a heterogeneous response to chemotherapy, radiation and
combined radio-chemotherapy. Interestingly, analysis of glucose metabolism
showed a markedly reduced uptake of the PET tracer 18F-FDG after combined
radio-chemotherapy of all three cell lines.

Research conclusions

Taken together, this study describes the development and in-depth
characterization of three patient-derived rectal cancer cell lines that could be
established from fresh patients´ tumor samples for the first time. These powerful
matched in vitro and in vivo models provide useful tools not only to perform
basic research to better understand the biology of rectal cancer, but also to test
and establish novel therapy regimens.

Research perspectives

This descriptive study exemplifies the methodology and characterization of
rectal cancer cell lines obtained directly from patients´ tumor material. This is an
important step to extend the abilities of personalized tumor therapy in the near
future.
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Abstract
AIM
To uncover the roles of tumor-promoting gene ZEB1
in aerobic glycolysis regulation and shed light on the
underlying molecular mechanism.
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METHODS
Endogenous zinc finger E-box binding homeobox-1
(ZEB1) was silenced using a lentivirus-mediated method,
and the impact of ZEB1 and methyl-CpG binding domain
protein 1 (MBD1) on aerobic glycolysis was measured
using seahorse cellular flux analyzers, reactive oxygen
species quantification, and mitochondrial membrane
potential measurement. The interaction between ZEB1
and MBD1 was assessed by co-immunoprecipitation and
immunofluorescence assays. The impact of ZEB1 and
MBD1 interaction on sirtuin 3 (SIRT3) expression was
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confirmed by quantitative polymerase chain reaction,
western blotting, and dual-luciferase and chromatinimmunoprecipitation assays.

cancer.
Epithelial-mesenchymal transition (EMT) is a mor
phological cellular program that is defined as the phe
notypic transition from an epithelial to mesenchymal
state. The epithelial state is considered to be stable
and capable of colonization, while the mesenchymal
phenotype is regarded as metastable. EMT has long
been regarded as an important contributor to cancer
[3]
metastasis . EMT is regulated by a complex of
regulatory networks that involve epigenetic modification
[4]
and transcription control . Zinc finger E-box-binding
homeobox 1 (ZEB1) is an important regulator of EMT
and plays vital roles in regulating metastasis to exert
[5]
a negative impact on malignancy . ZEB1 also par
ticipates in the regulation of stroma-related properties
[6]
of pancreatic cancer . Furthermore, ZEB1 has been
reported to regulate genotoxic response and drug
resistance in pancreatic cancer and is an important target
[7-9]
for improving chemotherapy resistance . ZEB1 is an
important factor in maintaining the malignant properties
of pancreatic cancer cells.
The functions of aberrant cancer cell metabolism
in oncogenesis and cancer progression has received
[10]
increasing attention in recent years . Solid tumor cells
reside in a microenvironment that is characterized by
dense stroma and a limited vascular system, leading to
severe hypoxic conditions. To survive under such a hostile
environment, cancer cells must shift their metabolic
[11]
pattern . By shifting their metabolic program, cancer
cells use limited oxygen and nutrient supply to meet the
demands for uncontrolled proliferation and metastasis.
The best-characterized metabolism reprogramming is
for glucose metabolism. Cancer cells utilize glucose by
glycolysis instead of mitochondrial oxidative phosphory
lation. From the adenosine triphosphate (commonly
known as ATP) generation aspect, this seems less
efficient, but through glycolysis, cancer cells break down
glucose into small molecules for the synthesis of other
[12]
macromolecules . Furthermore, lactate produced by
glycolysis creates an acidic microenvironment, leading
to the destruction of extracellular matrix to provide
[13]
a metastatic advantage . Glycolysis is catalyzed by
a series of enzymatic reactions, and some glycolytic
enzymes like lactate dehydrogenase and pyruvate kinase
[14,15]
play vital roles in metastasis and EMT
. However, the
impact of EMT regulators on glycolysis has seldom been
reported.
In the present study, we demonstrate that the EMT
regulator ZEB1 plays positive roles in maintaining gly
colysis. ZEB1 mediates glycolysis by suppression of
sirtuin 3 (SIRT3), a tumor suppressor that localizes to
the mitochondria and negatively regulates glycolysis. Our
present study sheds light on the novel functions of ZEB1
in regulating glycolysis and metastasis and provides
insights into the crosstalk between EMT and glycolysis.
Our data further suggest that it may be possible to
reverse pancreatic cancer metastasis by cutting its fuel
supply.

RESULTS
ZEB1 was a positive regulator of aerobic glycolysis
in pancreatic cancer. ZEB1 transcriptionally silenced
expression of SIRT3, a mitochondrial-localized tumor
suppressor, through interaction with MBD1.
CONCLUSION
ZEB1 silenced SIRT3 expression via interaction with
MBD1 to promote aerobic glycolysis in pancreatic
cancer.
Key words: Pancreatic cancer; Zinc finger E-box binding
homeobox-1; Sirtuin 3; Methyl-CpG binding domain
protein 1; Glycolysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies have demonstrated the impact
of aerobic glycolysis on oncogenesis, proliferation,
progression, and metastasis of cancer cells. Zinc finger
E-box binding homeobox-1 (ZEB1) is an important
regulator of metastasis and progression of pancreatic
cancer, but its role in aerobic glycolysis has seldom
been discussed. Our results demonstrated that ZEB1 is
an important regulator of aerobic glycolysis. It has been
demonstrated that ZEB1 regulates aerobic glycolysis by
suppression of sirtuin 3 via interaction with methyl-CpG
binding domain protein 1. Our results shed light on
novel aspects and targets for treatment of pancreatic
cancer.
Xu WY, Hu QS, Qin Y, Zhang B, Liu WS, Ni QX, Xu J, Yu
XJ. Zinc finger E-box-binding homeobox 1 mediates aerobic
glycolysis via suppression of sirtuin 3 in pancreatic cancer. World
J Gastroenterol 2018; 24(43): 4893-4905 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i43/4893.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i43.4893

INTRODUCTION
Pancreatic cancer is an aggressive and lethal cancer,
and its incidence is equal to its mortality rate. Although
significant progress has been made in the diagnosis and
treatment of pancreatic cancer, the overall 5-year survival
[1]
rate of the disease remains unchanged at about 6% .
One critical reason for the high fatality rate of pancreatic
cancer is that pancreatic cancer cells have already
metastasized to local and distant organs at the time of
diagnosis. Furthermore, resistance to chemotherapy and
radiotherapy have made traditional treatment strategies
[2]
futile . Thus, there is an urgent need for a better
understanding of the biological aspects of pancreatic
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antibodies were purchased from Proteintech (Rosemont,
IL, United States).

Table 1 Primer sequences used in the text
ZEB1 forward
ZEB1 reverse
SIRT3 forward
SIRT3 reverse
SIRT4 forward
SIRT4 reverse
SIRT5 forward
SIRT5 reverse
β -actin forward
β -actin reverse

5’-CTGCAGTCCAAGAACCACCCTTG-3’
5’-CCACACTCATGAGGTCTTTTACC-3’
5‘-AGCCCTCTTCATGTTCCGAAGTGT-3’
5‘-TCATGTCAACACCTGCAGTCCCTT-3’
5’-ATGTGGATGCTTTGCACACCAAGG-3’
5’-TTCAGGACTTGGAAACGCTCTTGC-3’
5’-AGAGAGCTCGCCCACTGTGATTTA-3’
5’-AGGGTCCCTGGAAATGAAACCTGA-3’
5’-CTACGTCGCCCTGGACTTCGAGC-3’
5’-GATGGAGCCGCCGATCCACACGG-3’

Extracellular acidification rate and oxygen consumption
rate

To assess the impact of ZEB1 on glycolytic capacity and
mitochondrial respiration of pancreatic cancer cells, a
Seahorse Bioscience XF96 Extracellular Flux Analyzer
was used according to the manufacturer’s instructions for
the Seahorse XF Glycolysis Stress Test Kit and Cell Mito
[17]
Stress Test Kit, as described previously .

ROS generation analysis

MATERIALS AND METHODS

To assess the impact of ZEB1 and SIRT3 on reactive
oxygen species (ROS) generation in pancreatic cancer
cells, the Beyotime Reactive Oxygen Species Assay Kit
(Nantong, China) was used. ROS within a living cell
were labeled using the cell-permeable fluorogenic probe
2’,7’-dichlorodihydrofluorescein diacetate (DCF-DA).
Once DCF-DA had diffused into cells, it was deacetylated
by cellular esterases to a nonfluorescent compound
and rapidly oxidized by ROS into DCF. DCF was highly
fluorescent and could be detected by cytometry. The
fluorescence intensity was proportional to the ROS levels
within the cell.

Cell culture

The human pancreatic cancer cell lines PANC-1 and MIA
PaCa-2 were obtained from the American Type Culture
Collection. PANC-1 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing fetal bo
vine serum (FBS) at a final concentration of 10%. MIA
PaCa-2 cells were cultured in DMEM, with 10% FBS and
2.5% horse serum.

Generation of stable knockdown cell lines

To silence ZEB1 expression in pancreatic cancer
cells, the pLKO.1 TRC cloning vector (Addgene
[16]
plasmid 10878) was used . Targets (21 bp) against
ZEB1 were C C TC TC TG A A A G A A C A C ATTA a n d
GCTGTTGTTCTGCCAACAGTT. Lentiviral particles were
generated by collectively transfecting pLKO.1-ZEB1
constructs with the lentiviral packaging vectors psPAX2
and pMD2.G in a ratio of 4:3:1. Stable cell lines were
generated by infecting target cells with lentivirus followed
by puromycin selection. The silencing knockdown
efficiency was confirmed by quantitative real-time
polymerase chain reaction (PCR) and western blotting.

Mitochondrial membrane potential measurement

Cell membrane potential was measured using the
Beyotime Mitochondrial Membrane Potential Assay
Kit with JC-1 dye. JC-1 showed potential-dependent
accumulation in the mitochondria, indicated by a
fluorescence emission shift from green (approximately
529 nm) to red (approximately 590 nm). Consequently,
mitochondrial depolarization was indicated by a decrease
in the red/green fluorescence intensity ratio, which could
be measured by cytometry.

Dual-luciferase assay

RNA isolation and quantitative real-time PCR

RNA was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA, United States), and cDNA was obtained
by reverse transcription with PrimeScript RT Reagent
Kit (TaKaRa, Dalian, China). The expression status of
designated genes and the control β-actin gene was
determined by quantitative real-time PCR. All reactions
were run in triplicate. Primer sequences are listed in
Table 1.

To assess the impact of ZEB1 on SIRT3 promoter activity,
the Promega Dual-Luciferase Assay Kit (Madison, WI,
United States) was used. The SIRT3 promoter was
amplified from genomic DNA of PANC-1 cells and ligated
into the pGL3-Basic vector to generate the pGL3-SIRT3
construct. pGL3-SIRT3 was transfected with a Renilla
luciferase vector into pancreatic cancer cells. The impact
of ZEB1 on SIRT3 promoter activity was assessed with
the Dual-Luciferase Assay Kit.

Protein extraction and western blotting

ChIP assay

To test whether ZEB1 occupied the SIRT3 promoter
region, chromatin immunoprecipitation (ChIP) assays
were performed. Cells were fixed with formaldehyde and
harvested. The ChIP assay was carried out using Millipore’s
EZ ChIP kit (Burlington, MA, United States) with a ZEB1
antibody (Cell Signaling Technologies, 3396). The primer
sequences to detect ZEB1-bound SIRT3 promoter were
forward: 5’-AGTAGCAGGGATTACAGGCATGAG-3’ and
reverse: 5’-TGCCTTCCCTGAGATACTCAGCT-3’.

Pancreatic cancer cells were washed twice with ice-cold
phosphate buffer solution (PBS) and lysed in RIPA buffer
for 10 min, followed by sonication to ensure complete
lysis. Cell debris was removed by centrifugation at
10000 g for 20 min at 4 ℃. Whole cell lysates (20 μg)
were denatured in sodium dodecyl sulfate (SDS) loading
buffer and subjected to denaturing 10% SDS-PAGE. The
samples were transferred to a membrane for subsequent
blotting with specific antibodies. ZEB1, SIRT3 and β-actin
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Immunohistochemistry

demonstrated that ZEB1 is a negative regulator of
mitochondrial respiration (Figure 1D). Collectively, these
results suggest that ZEB1 is a positive regulator of
aerobic glycolysis in pancreatic cancer.

Expression of ZEB1 and SIRT3 in pancreatic cancer
patient samples were assessed by immunohistochemistry
(IHC) staining. Paraffin sections were incubated for 1 h at
70 ℃, deparaffinized in xylene, and rehydrated in graded
ethanol. The slides were neutralized with 3% H2O2 for
30 min. The antigen retrieval was processed with citrate
buffer (pH = 6.0) in an incubator at 95 ℃. After antigen
retrieval, the slides were incubated with primary and
secondary antibodies. The ZEB1 antibody (ab181451;
Abcam, Cambridge, MA, United States) was used at a
dilution of 1:100, and the SIRT3 antibody (ab217319;
Abcam) was used at a dilution of 1:50. The sections were
stained with 3,3-diaminobenzidine, terminated in PBS,
and counterstained with hematoxylin.

ZEB1 maintains ROS generation and mitochondrial
membrane potentials

ROS production is a net result of glycolysis, which in
turn exerts a positive impact on aerobic glycolysis.
When ZEB1 expression was silenced, ROS production
decreased, suggesting that ZEB1 functions as a positive
regulator of ROS production in pancreatic cancer cells
(Figure 2A and B). Cancer cells utilize glucose through
aerobic glycolysis, and in this process, mitochondrial
membrane potentials decrease. Upon ZEB1 silencing,
the mitochondrial membrane potential increased (Figure
2C and D). Thus, ZEB1 can maintain ROS generation
and regulate mitochondrial membrane potentials in
pancreatic cancer cells.

The Cancer Genome Atlas dataset analysis

The Cancer Genome Atlas - pancreatic adenocarcinoma
(TCGA-PAAD) on RNA expression (Level 3) of pancreatic
cancer patients in terms of RNA-seq by ExpectationMaximization was downloaded from the Cancer
Genomics Browser of the University of California, Santa
Cruz (https://genome-cancer.ucsc.edu/). In total,
160 primary pancreatic cancer samples from patients
with detailed expression data were chosen from the
updated TCGA database according to the parameters
mentioned. Detailed demographics of these patients
were characterized by the TCGA consortium.

ZEB1 negatively correlates with SIRT3 expression in
pancreatic cancer

Sirtuin family members, including SIRT1-7, are
deacetylases and regulate metabolism, aging, energy
and redox homeostasis in cells. Among them, SIRT3,
SIRT4 and SIRT5 localize to mitochondria and negatively
regulate glycolysis. Thus, we examined the impact of
ZEB1 on SIRT3, SIRT4 and SIRT5 expression in PANC-1
and MIA PaCa-2 cells. SIRT3 mRNA and protein levels
significantly increased in ZEB1-silenced PANC-1 and
MIA PaCa-2 cells (Figure 3A and B). To further explore
the correlation between ZEB1 and SIRT3, we analyzed
ZEB1 and SIRT3 expression in TCGA-included pancreatic
cancer patients. ZEB1 negatively and significantly
correlated with SIRT3 expression in pancreatic cancer
patients (Figure 3C). We performed IHC staining to
examine the expression correlation between ZEB1 and
SIRT3. Pancreatic cancer patients that displayed higher
ZEB1 expression exhibited lower SIRT3 expression
(Figure 3D). Furthermore, the negative correlation was
statistically significant (Figure 3E).

Statistical analysis

Statistical analysis was performed in SPSS version
17.0 (IBM Corp., Armonk, NY, United States) using
an independent Student’s t test (two-tailed) or oneway analysis of variance. Logistic regression was
used to determine the correlation between ZEB1 and
SIRT3 expression level in the TCGA cohorts. Statistical
significance was based on two-sided P values < 0.05.

RESULTS
ZEB1 mediates aerobic glycolysis in pancreatic cancer

ZEB1 is an important regulator of EMT and stem
cell properties, but its roles in aerobic glycolysis and
mitochondria-related properties have seldom been
discussed in pancreatic cancer. To explore these, we
first silenced ZEB1 expression in the PANC-1 and
MIA PaCa-2 pancreatic cancer cell lines. The silencing
effect was validated by quantitative real-time PCR and
western blotting (Figure 1A and B). Aerobic glycolysis
was assessed by extracellular acidification rate (ECAR)
measurement. In ZEB1-silenced PANC-1 and MIA PaCa-2
cells, we observed a decrease in ECAR rates, suggesting
that ZEB1 is a negative regulator of glycolysis (Figure
1C). In the process of metabolism reprogramming from
mitochondria to glycolysis, mitochondrial respiration was
impaired and could be tested by oxygen consumption
rate (OCR) measurement. In ZEB1 knockdown PANC-1
and MIA PaCa-2 cells, the OCR levels increased, which
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SIRT3 is a transcriptional target of ZEB1

To confirm the negative correlation between ZEB1 and
SIRT3, we asked whether SIRT3 was a downstream
target of ZEB1 in pancreatic cancer cells. ZEB1
specifically binds to E-box (CANNTG) or Z-box (CAGGTA)
sequences in the promoter region of its downstream
transcriptional targets. First, we analyzed the promoter
region of SIRT3 that covered from -2500 to +200 and
identified a potential Z box in the promoter region (Figure
4A). We performed a dual-luciferase assay to examine
the impact of ZEB1 on SIRT3 promoter luciferase activity.
ZEB1 inhibited SIRT3 promoter activity in a dosedependent manner (Figure 4B). To confirm the impact of
ZEB1 on SIRT3 promoter activity, we mutated the Z-box
in the SIRT3 promoter region from CAGGTA to GTGGTA
Mut
(pGL3-SIRT3 ) (Figure 4C). Subsequent promoter
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Figure 1 Zinc finger E-box binding homeobox-1 mediates aerobic glycolysis in pancreatic cancer. A: Zinc finger E-box binding homeobox-1 (ZEB1) knockdown
efficiency was assessed by quantitative real-time polymerase chain reaction in PANC-1 and MIA PaCa-2 cells; B: Immunoblot with ZEB1 antibody confirmed that
ZEB1 was effectively downregulated in PANC-1 and MIA PaCa-2 cells; C: ZEB1 knockdown decreased glycolysis, as reflected by extracellular acidification rate
measurements; D: ZEB1 knockdown increased mitochondrial respiration, measured by oxygen consumption rate; E and F: Decreased ZEB1 expression in PANC-1
and MIA PaCa-2 cells decreased reactive oxygen species generation; G and H: Downregulation of ZEB1 increased mitochondrial membrane potential in PANC-1 and
MIA PaCa-2 cells. aP < 0.05, and bP < 0.01 vs NC or mock group. Error bars indicate mean ± SD. ZEB1: Zinc finger E-box binding homeobox-1; ECAR: Extracellular
acidification rate; OCR: Oxygen consumption rate.

activity indicated that ZEB1 had an impact on pGL3Mut
SIRT activity. Collectively, these results suggested that
SIRT3 is a downstream transcription target of ZEB1.

found that ZEB1 interacted with MBD1 (Figure 5A and B).
We then performed an immunofluorescence assay using
ZEB1 and MBD1 antibodies to examine their localization.
ZEB1 colocalized with MBD1 in the nucleus in PANC-1
and MIA PaCa-2 cells (Figure 5C).

Epigenetic factor MBD1 can interact with ZEB1 in
pancreatic cancer cells

MBD1 positively regulates aerobic glycolysis and ROS
production in pancreatic cancer cells

Our previous studies demonstrated that epigenetic factor
methyl-CpG binding domain protein 1 (MBD1) interacts
with TWIST in pancreatic cancer cells to induce EMT.
ZEB1 and TWIST share common downstream targets
in promoting metastasis. Thus, we asked whether ZEB1
could interact with MBD1 in pancreatic cancer patients.
First, we performed a co-immunoprecipitation (CoIP) assay to check whether these two nuclear proteins
interacted with each other. As demonstrated by Co-IP, we

WJG|www.wjgnet.com

We then asked whether MBD1 could regulate aerobic
glycolysis like its interaction partner ZEB1. First, we
generated stable MBD1-silenced PANC-1 and MIA
PaCa-2 cell lines. Knockdown efficiency was validated by
quantitative PCR and western blotting (Figure 6A and B).
Next, using a Seahorse energy flux analyzer, we tested
the impact of MBD1 on glycolysis. MBD1 knockdown
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Figure 2 Zinc finger E-box binding homeobox-1 regulates reactive oxygen species generation and mitochondrial membrane potentials. A and B: Decreased
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inhibited ECAR values in PANC-1 and MIA PaCa-2 cells,
indicating that MBD1 functioned as a positive regulator
of glycolysis (Figure 6C). Next, we observed an increase
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in OCR values in MBD1 knockdown cell lines, suggesting
that MBD1 acts as a negative mitochondrial respiration
regulator (Figure 6D). In the end, we examined the
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influence of MBD1 on ROS generation in PANC-1 and
MIA PaCa-2 cells. MBD1 knockdown decreased ROS
production in pancreatic cancer cells (Figure 6E). These
results confirm that MBD1 positively regulate aerobic
glycolysis and ROS generation in pancreatic cancer cells.

regulator ZEB1 could positively regulate aerobic glycolysis
in pancreatic cancer. Mechanistic studies demonstrated
that ZEB1 interacted with the epigenetic factor MBD1
to suppress SIRT3 expression. The present study sheds
light on a novel link between EMT and glycolysis in
cancer.
Accumulating evidence suggests that EMT plays
[18]
important roles in tumor progression . In pancreatic
[19]
cancer, EMT also plays pivotal roles in tumorigenesis .
ZEB1 plays an important role in inducing and maintaining
EMT and is regarded as a gatekeeper of the EMT
[20]
process and maintenance of cancer malignancy .
ZEB1 expression is increased in poorly differentiated
pancreatic cancer samples and in invasive cells derived
from differentiated pancreatic cancer tumors and can
[21]
be used as a prognostic marker for overall survival .
ZEB1 is also reported to regulate drug resistance,
and pancreatic cancer cells that develop resistance to
gemcitabine have increased ZEB1 expression. However,
the impact of ZEB1 on pancreatic cancer cell metabolism
has seldom been reported. Recent years have witnessed
the impact of cancer cell metabolism on maintaining the
malignant properties of cancer cells, and this is regarded
as one of the hallmarks of cancer. However, the impact
of ZEB1 on cancer cell metabolism has seldom been
discussed. In breast cancer, the EMT regulator SNAIL has
been reported to play a positive role in inducing aerobic
glycolysis by suppressing fructose-bisphosphatase 1
(FBP1). FBP1 is a negative regulator of glycolysis and
catalyzes gluconeogenesis. In breast cancer, clear renal
cell carcinoma and gastric cancer, FBP1 acts a tumor

ZEB1 interacts with MBD1 to suppress SIRT3 expression
in pancreatic cancer cells

As demonstrated above, ZEB1 negatively regulated
SIRT3 expression in pancreatic cancer cells. Thus, we
asked whether MBD1 functioned as a cofactor in ZEB1mediated SIRT3 repression. First, we performed a dual
luciferase assay, which showed that MBD1 repressed
SIRT3 promoter activity, and co-transfection of ZEB1
with MBD1 more dramatically repressed SIRT3 promoter
activity (Figure 7A). Then, we performed a ChIP assay to
validate that MBD1 and ZEB1 occupied the Z-box region
in SIRT3 promoter. ZEB1 and MBD1 were enriched in the
SIRT3 promoter region (Figure 7B and C). Subsequently,
we performed a reChIP assay to examine whether
ZEB1 and MBD1 jointly occupied the Z-box in SIRT3
promoter. As shown by ChIP and reChIP assay, ZEB1 and
MBD1 simultaneously occupied the same region in the
SIRT3 promoter (Figure 7D). In conclusion, the present
study demonstrates that ZEB1 and MBD1 interact to
suppress SIRT3 expression to induce aerobic glycolysis in
pancreatic cancer (Figure 7E).

DISCUSSION
In the present study, we demonstrated that the EMT
WJG|www.wjgnet.com
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Figure 5 Epigenetic factor methyl-CpG binding domain protein 1 interacts with zinc finger E-box binding homeobox-1 in pancreatic cancer cells. A and B:
Co-immunoprecipitation assay with methyl-CpG binding domain protein 1 (MBD1) or zinc finger E-box binding homeobox-1 (ZEB1) antibody demonstrated that MBD1
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suppressor. Thus, SNAIL-mediated repression of FBP1
[22]
renders a metabolic advantage to invasive cancer cells .
In line with breast cancer studies, our present study
suggests a novel function of ZEB1 in regulating glycolysis.
Mechanistic studies have demonstrated that ZEB1
represses SIRT3 expression. SIRT3 is a mitochondrial
tumor suppressor gene, which negatively regulates
[23]
glycolysis . For example, SIRT3 opposes metabolic
reprogramming by destabilizing hypoxia-inducible factor
[24]
1α (HIF1α) . Beyond its role in regulating glucose
metabolism, SIRT3 has also been reported to regulate
EMT and metastasis in cancer cells. For example, as a
deacetylase, SIRT3 can deacetylate S-phase kinaseassociated protein 2 (SKP2). Deacetylated SKP2 exhibits

WJG|www.wjgnet.com

decreased ligase activity and stabilizes its substrate
[25]
E-cadherin, thus reversing EMT . Thus, SIRT3 func
tions as a negative regulator of EMT. Based on these
observations, we put forward the hypothesis that ZEB1mediated repression of SIRT3 renders a metabolic
advantage to highly metastatic pancreatic cancer cells.
SIRT3 is a tumor suppressor and negatively regulates
glycolysis and EMT. However, the regulatory mechanism
for SIRT3 dysregulation in cancer has seldom been
discussed. Peroxisome proliferator-activated receptor γ
co-activator-1α, a transcription factor that regulates mito
chondrial biogenesis, also regulates SIRT3 expression
via estrogen-related receptor-α (ERR-α), and there
exists a putative ERR-α biding element in the promoter
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Figure 6 Methyl-CpG binding domain protein 1 positively regulates aerobic glycolysis and reactive oxygen species production in pancreatic cancer cells.
A and B: Real-time polymerase chain reaction and western blotting demonstrated that methyl-CpG binding domain protein 1 (MBD1) was silenced in PANC-1 and MIA
PaCa-2 cells; C: Knockdown of MBD1 decreased extracellular acidification rate values, indicating that MBD1 was a positive regulator of glycolysis; D: Silencing MBD1
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[26]

region of SIRT3 . Another observation is that SIRT3 is
specifically upregulated in response to increased ROS
[27]
production . This upregulation could be controlled by
an oxygen-sensing mechanism involving transcription
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factors like HIF1α or antioxidant response factor nuclear
[28,29]
factor E2-related factor 2 (Nrf2)
. In the process,
variations in ROS levels are also observed, thus, it is
natural to conceive that the EMT regulator could exert
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In conclusion, we demonstrated that ZEB1 interacts
with MBD1 to suppress SIRT3 expression in pancreatic
cancer, which might provide metabolic advantages
to highly metastatic pancreatic cancer cells. We shed
light on the possibility of inhibiting pancreatic cancer
metastasis by cutting the fuel supply and inhibiting
glycolysis. Collectively, the present study uncovered a
novel link between EMT and glycolysis and provided
potential therapeutic targets for pancreatic cancer.

some effect on SIRT3 expression. Consistent with this
hypothesis, we validated that the EMT regulator ZEB1
is a transcription factor for SIRT3 in pancreatic cancer,
and there is a specific ZEB1-binding element CAGGTA
in the SIRT3 promoter region. In Alzheimer’s disease,
DNA methylation in the SIRT3 promoter region has been
observed, suggesting that SIRT3 expression is under
[30]
epigenetic control . MBD1, an epigenetic factor that
can specifically bind to methylated CpG islands, has been
reported to be upregulated in pancreatic cancer and
to regulate EMT and chemotherapy and radiotherapy
[31,32]
resistance
. In the present study, we demonstrated
that ZEB1 interacts with MBD1, and these two proteins
jointly occupy the SIRT3 promoter region, indicating that
the ZEB1/MBD1 complex regulates SIRT3 expression.
However, further investigation is required. For example, it
is unclear whether SIRT3 expression changes during the
process of EMT or whether interrupting SIRT3 expression
or SIRT3 activity could improve glycolysis during
EMT. Another indication that needs to be confirmed is
whether DNA methylation regulates SIRT3 expression in
pancreatic cancer and whether treating pancreatic cancer
cells with DNA methyltransferase inhibitors reverses
SIRT3 expression.
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Pancreatic cancer is a highly lethal disease that is characterized by metastasis.
Uncovering novel functions of metastasis regulators might provide novel
predictive and treatment targets.

Research motivation

Aerobic glycolysis has been implicated in multiple processes of cancer
progression. However, the impact of the cancer metastasis gene zinc finger
E-box-binding homeobox 1 (ZEB1) on aerobic glycolysis has seldom been
discussed, and the molecular link is lacking.

Research objectives

To uncover the roles of ZEB1 in aerobic glycolysis regulation and establish the
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molecular mechanism.

Research methods

10

ZEB1 was silenced in pancreatic cancer cells to examine its impact on aerobic
glycolysis. The impact of ZEB1 on mitochondrion-localized tumor suppressors
sirtuin 3 (SIRT3), 4 and 5 was assessed by real-time polymerase chain
reaction and western blotting. The transcriptional regulation of ZEB1 on SIRT3
expression was assayed by dual-luciferase and chromatin immunoprecipitation
assays. The underlying molecular mechanism that governs the effect of ZEB1
on SIRT3 expression was confirmed by protein interaction, promoter luciferase
and chromatin immunoprecipitation assays.

11
12

Research results

13

ZEB1 positively regulated aerobic glycolysis. Mechanistically, ZEB1 regulated
aerobic glycolysis by suppression of SIRT3 via interaction with methyl-CpG
binding domain protein 1.

14

Research conclusions

The metastasis gene ZEB1 is an important regulator of aerobic glycolysis.

15

Research perspectives

The impact of ZEB1 and SIRT3 on the prediction of prognosis and the prospect
for targeting metastasis by regulation of glycolysis should be investigated in the
future.
16
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To detect significant clusters of co-expressed genes
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RNA sequences as well as complete clinical data of SA
and adjacent normal tissues from patients. Weighted
gene co-expression network analysis (WGCNA) was
used to investigate the meaningful module along with
hub genes. Expression of hub genes was analyzed
in 362 paraffin-embedded SA biopsy tissues by
immunohistochemical staining. Patients were classified
into two groups (according to expression of hub
genes): Weak expression and over-expression groups.
Correlation of biomarkers with clinicopathological factors
indicated patient survival.

SNX10 is linked to poor SA prognosis.
Zhang J, Wu Y, Jin HY, Guo S, Dong Z, Zheng ZC, Wang Y,
Zhao Y. Prognostic value of sorting nexin 10 weak expression
in stomach adenocarcinoma revealed by weighted gene coexpression network analysis. World J Gastroenterol 2018;
24(43): 4906-4919 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i43/4906.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i43.4906

RESULTS
Whole genome expression level screening identified
6,231 differentially expressed genes. Twenty-four coexpressed gene modules were identified using WGCNA.
Pearson’s correlation analysis showed that the tan
module was the most relevant to tumor stage (r =
-6
0.24, P = 7 × 10 ). In addition, we detected sorting
nexin (SNX)10 as the hub gene of the tan module.
SNX10 expression was linked to T category (P = 0.042,
χ 2 = 8.708), N category (P = 0.000, χ 2 = 18.778),
2
TNM stage (P = 0.001, χ = 16.744) as well as tumor
2
differentiation (P = 0.000, χ = 251.930). Patients with
high SNX10 expression tended to have longer diseasefree survival (DFS; 44.97 mo vs 33.85 mo, P = 0.000)
as well as overall survival (OS; 49.95 vs 40.84 mo, P
= 0.000) in univariate analysis. Multivariate analysis
showed that dismal prognosis could be precisely
predicted clinicopathologically using SNX10 [DFS: P
= 0.014, hazard ratio (HR) = 0.698, 95% confidence
interval (CI): 0.524-0.930, OS: P = 0.017, HR = 0.704,
95%CI: 0.528-0.940].

INTRODUCTION
In spite of technological progress made in diagnosis and
treatment, gastric cancer continues to be the fourth
most prevalent cancer type with the second highest
[1]
mortality . The high occurrence of cancer-related
death in stomach adenocarcinoma (SA) patients may
be associated with specific biological characteristics of
the disease, such as challenges associated with timely
diagnosis, late clinical manifestation, and high frequency
[2]
of invasion and metastasis . Investigation of the
underlying tumorigenesis and progression of SA, the
most common pathological type of gastric cancer, is a
[3,4]
prerequisite for developing new therapeutic agents .
Although some tumorigenesis and prognostic factors,
[5,6]
including genes
and tumor microenvironment, were
[7]
evaluated , the precise mechanisms and signaling
pathways involved are still mostly unknown. Novel
molecular biomarkers that can precisely indicate the
stage of disease progression and clinical results could
help provide personalized treatment and a better
understanding of SA pathogenesis.
Rapid technological development of biochips and
next-generation sequencing has opened up new dimen
[8]
sions in gene expression research for medical oncology .
The Cancer Genome Atlas (TCGA) is a large unified
compilation of multi-platform molecular profiles along
with clinicopathological annotation data. TCGA offers
facilities with structured analysis of potential molecular
processes of various clinicopathological parameters
[9]
linked to cancer . Weighted gene co-expression network
analysis (WGCNA) was proposed for establishing coexpression modules or networks of genes to explore
the correlation among different groups of genes, or
[10]
within groups of genes, and clinical features . These
modules are built upon large gene expression profiles
and the differences between the centrally located genes
(hub genes) that drive the crucial cellular signaling
[11,12]
pathways within important cell types
. The WGCNA
method provides a functional interpretation tool for
systems biology and has led to new insights into the
pathophysiology of SA.
In the present study, we used gene expression
data from TCGA to create a co-expression network
using differentially expressed genes (DEGs) related to
SA progression, and defined the gene clusters closely

CONCLUSION
This study provides a new technique for screening
prognostic biomarkers of SA. Weak expression of SNX10
is linked to poor prognosis, and is a suitable prognostic
biomarker of SA.
Key words: Stomach adenocarcinoma; The Cancer
Genome Atlas; Weighted gene co-expression network
analysis; Sorting nexin 10; Clinicopathological pre
dictors; Disease-free survival; Overall survival
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study used The Cancer Genome Atlas
(TCGA) and clinical data to identify sorting nexin (SNX)10
as associated with poor prognosis in stomach adeno
carcinoma (SA). Firstly, we downloaded the TCGA-STAD
RNA-seq data through R and identified the differentially
expressed genes. Weighted gene co-expression network
analysis was used to clarify the connection between
modules and clinical information. We then chose SNX10
as the hub-gene of the tan-module after considering
module membership, genes with high gene significance,
degree and Molecular Complex Detection scores. Our
center’s SA data were used to evaluate our hypothesis.
Our findings demonstrated that weak expression of
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related to SA through WGCNA. Transcriptomics analysis
enabled us to identify sorting nexin (SNX)10, a tumor
suppressor, which showed over-expression in paracarcinoma tissues and gastric epithelial cells (GSE-1)
compared to that in SA tissue and cells. We investigated
the correlation between SNX10 expression and the
related clinicopathological parameters in SA patients. The
prognostic value of SNX10 in SA was also evaluated.
Our research provides a novel and extensive
application platform for the identification of SA-related
genes, which may be useful to identify novel molecular
targets and develop competent therapeutic strategies.

between modules and clinical features. Age, tumor stage
and tumor grade were chosen as clinical traits. The
modules showing the highest correlation with clinical
features were chosen. The Database for Annotation,
Visualization and Integrated Discovery (DAVID) version
[18]
6.8 (https://david.ncifcrf.gov/) was used to categorize
the gene data of the target module as follows: biological
process FAT, cell component FAT, and molecular function
[19,20]
FAT datasets of Gene Ontology (GO) functional
and
pathway enrichment analysis using Kyoto Encyclopedia
[21]
of Genes and Genomes (KEGG) . P < 0.05 was
considered statistically significant.

Identification of hub genes

MATERIALS AND METHODS

We calculated the gene significance (GS), high module
membership (MM) and MCODE score for different genes
in the modules of interest. Based on GS, MM and MCODE
score, hub genes were identified.

TCGA gene expression profiles

The RNA sequencing dataset and corresponding clinical
records of SA patients were obtained from TCGA (https://
portal.gdc.cancer.gov/, Project ID: TCGA-STAD). The
RTCGA Toolbox package in the R platform was used to
[13]
download the raw dataset of RNA sequences . A total of
406 samples were available in TCGA, which included 375
tumor and 31 normal tissue samples. Hub genes were
identified from 375 tumor tissue samples (with complete
clinical data) using WGCNA.

Ethics statement

The study was sanctioned by the Ethics Committee,
Liaoning Cancer Hospital and Institute. Informed consent
was obtained from each patient prior to surgery.

Patients and tissue samples

The study cohort comprised 362 patients with SA who
underwent gastrectomy at the Liaoning Cancer Hospital
and Institute (Shenyang, China) from January 2010 to
December 2012. All patients underwent D2 lymph node
dissection and gastrectomy at the first consultation. None
of the enrolled patients were treated with preoperative
chemotherapy or radiotherapy. All patients yielded
sufficient paraffin-embedded tumor specimens. Patients
with absolute adenocarcinoma, mixed carcinoma or
signet ring cell carcinoma were excluded. Tumor staging
th
was done as per the criteria detailed in the 8 edition of
the TNM Staging Manual of American Joint Committee
on Cancer/Union International Control Center (2017).
The average age of patients was 59 years (range 33-80
years), and there were 248 men (68.5%) and 114
women (31.5%). Postoperative adjuvant chemotherapy
was administered to patients with staging worse than
Ⅱ A. The clinicopathological parameters analyzed
included: age, gender, Bormann type, age, tumor size,
tumor location, Lauren type, perineural invasion, tumor
differentiation, T category, invasion of blood vessel, N
category, and TNM stage (Table 1).
Follow-up evaluation was conducted every 3-6
mo after surgery for 5 years, which included physical
examination, pulmonary, abdominal, and pelvic computed
tomography scan, blood count, endoscopy, and liver
function tests. The dates of first evidence of recurrence
and death were recorded for each case. Survival was
estimated as the duration between operation and final
follow-up or demise. The final date of investigation was
May 1, 2018. The tenure between the resection date and
diagnosis of first relapse was considered to be diseasefree survival (DFS). Overall survival (OS) was calculated

Screening for DEGs

Differentially expressed RNAs were identified by the
[14]
package R . The trimmed mean of M values was used
to obtain gene read counts with one scaling normalized
[15]
factor . We calculated the significance of RNAs using
the negative binomial model followed by correction
[16]
of P values by the Benjamini-Hochberg method .
Significantly expressed RNAs were identified using
adjusted P values of 0.05 and fold changes of 1.

Construction of WGCN

The WGCNA R package was used to establish co[10]
expression networks of genes . Towards this end,
375 tumor samples with expression of 6,232 DEGs and
related clinical data were used. The weighted adjacency
matrix was created from a power function that was
dependent on a soft-thresholding parameter gram, deep
split was taken as 4, and we considered the cutoff line as
0.15 for the module dendrogram and merged modules.
[17]
The network was visualized by Cytoscape 3.5.1 . The
network module was filtered and studied in Cytoscape
using Molecular Compgram, deep split was taken as 4,
and we considered the cutoff line as 0.15 for the module
dendrogram and merged modules. The network was
[17]
visualized by Cytoscape 3.5.1 . The network module
was filtered and studied in Cytoscape using Molecular
Complex Detection (MCODE).

Clinically significant module identification and module
functional annotation

We identified biologically significant modules using
Pearson’s correlation test to evaluate the association

WJG|www.wjgnet.com

4908

November 21, 2018|Volume 24|Issue 43|

Zhang J et al . Prognostic value of SNX10 in SA
Table 1 Patient characteristics and univariate analysis, n = 362
Characteristic

n (%)

DFS
Time (mo)

Age (median, yr)
≥ 60
< 60
Gender
Male
Female
Bormann type
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Tumor size
≥ 5 cm
< 5 cm
Location
Up
Middle
Low
Lauren type
Intestinal
Mixed carcinoma
Diffuse
Tumor differentiation
Moderate and high
Poor
Vessel invasion
Yes
No
Perineural invasion
Yes
No
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

SNX10
Over- expression
Weak-expression

P value
0.138

192 (53.0)
170 (47.0)

37.25
41.26

248 (68.5)
114 (31.5)

37.94
41.72

28 (7.7)
161 (44.5)
167 (46.1)
6 (1.7)

64.04
45.96
22.80
16.03

153 (42.3)
209 (57.7)

30.59
45.38

76 (21.0)
102 (28.2)
184 (50.8)

34.55
40.75
40.13

166 (45.9)
84 (23.2)
112 (30.9)

41.87
39.07
35.62

176 (48.6)
186 (51.4)

44.84
33.74

107 (29.6)
255 (70.4)

29.67
43.10

88 (24.3)
274 (75.7)

28.14
42.66

68 (18.8)
24 (6.6)
12 (3.3)
258 (71.3)

65.72
60.25
59.04
29.29

152 (42.0)
62 (17.1)
68 (18.8)
80 (22.1)

61.93
36.73
24.07
10.49

77 (21.3)
87 (24.0)
194 (53.6)
4 (1.1)

64.47
62.99
19.07
5.50

172 (47.5)
190 (52.5)

44.97
33.85

OS

F value

Time (mo)

2.209

P value

F value

0.373

0.795

0.463

0.540

0.000

23.230

0.000

25.094

0.403

0.912

0.214

1.549

0.000

15.214

0.000

20.983

0.000

15.346

0.000

49.574

0.000

223.946

0.000

231.577

0.000

18.278

44.18
46.29
0.194

1.695
44.58
46.46

0.000

27.349
64.04
51.32
36.72
27.33

0.000

31.865
38.46
50.09

0.212

1.558
42.11
46.36
45.78

0.241

1.428
47.77
44.99
42.07

0.000

17.711
49.83
40.76

0.000

21.849
37.02
48.59

0.000

17.726
36.38
48.00

0.000

70.121
65.75
62.00
61.33
37.46

0.000

248.092
63.47
48.52
33.05
17.52

0.000

386.623
65.69
64.49
29.04
9.50

0.000

21.849
49.95
40.84

DFS: Disease-free survival; OS: Overall survival; SNX10: Sorting nexin 10.

detection involving diaminobenzidine (DAB) substrate
(Boster, China) and the Vectastain ABC Elite kit (Linaris,
Wertheim, Germany) were used for visualization.

as the time between surgery and death.

Immunohistochemistry

Tissue sections (5 μm thick) were fixed on slides
coated with poly-L-lysine. SNX10 antibody (Abcam,
1:150, Cambridge, United Kingdom) was used for
immunostaining of sections, and visualized by treatment
with suitable biotin-conjugated secondary antibodies.
Immmunoperoxidase was used for immunostaining of
sections, and treatment with suitable biotin-conjugated
secondary antibodies as well as immmunoperoxidase
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Evaluation of immunohistochemical staining

Immunohistochemical (IHC) staining of SNX10 was
independently scored by two pathologists. Staining
intensity and the ratio of SNX10-positive cells were
measured to obtain the final score. This ratio was
enumerated as average percentage of SNX10-positive
cells in five different fields of 200× magnification. The
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5’-GTCTGCGTCTGGTTGTAA-3’, respectively.

Volcano
10

Western blotting

Sodium dodecyl sulfate polyacrylamide gel electro
phoresis (SDS-PAGE) (10%-15%) was used to resolve
20 μg cellular proteins and blotted onto polyvinylidende
difluoride membranes. After transfer, the membranes
were incubated in TBS-Tween buffer supplemented with
20 mmol/L Tris-HCl, 5% nonfat milk, 150 mmol/L NaCl,
and 0.05% Tween-20 (pH 7.5) for 1 h at 21 ℃, followed
by treatment with primary antibodies against SNX10
(1:200; Abcam), and β-actin (1:4000; Santa Cruz
Biotechnology, Santa Cruz, CA, United States) overnight
at 4 ℃, and finally incubated with secondary antibody
(1:5000; Santa Cruz Biotechnology). β-Actin served as
the endogenous loading control for protein quantity. The
gray value of the expression of all proteins was measured
using ImageJ (NIH, Bethesda, MD, United States).
Data are presented as the mean of three independent
observations.

log FC

5
0
-5
-10
0

20

40
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80 100 120
-log10(FDR)

Figure 1 Volcano plot of the differentially expressed mRNAs between
stomach adenocarcinoma and para-carcinoma tissues. Red indicates high
expression and green indicates low expression (|log2FC| > 1 and adjusted P
value < 0.05). The X axis represents a false discovery rate (FDR) value and
the Y axis represents a log2FC. Differential mRNAs were calculated by edgeR.
There were 2456 highly expressed and 3775 lowly expressed mRNAs. This
volcano plot was conducted by the ggplot2 package of R language. FDR: False
discovery rate.

positive cells were scored as follows: 0, negative; 1,
≤ 10% positive cells; 2, 10%-50% positive cells; 3, >
50% and ≤ 75% positive cells; and 4, > 75% positive
cells. Staining intensity was scored between 0 and 3
(negative, weak, moderate, and strong, respectively).
The final score was the product of the two individual
scores. Median score of SNX10 = 4 served as the cutoff point. Patients were classified into either the overexpression or weak expression group.

Statistical analysis

Statistical analysis was performed using SPSS version
22.0. One-way analysis of variance was used to
compare the mean values between groups. Data from
2
the χ test or Fisher’s exact test reflected the correlation
between clinicopathological variables and biomarkers
(SNX10). Kaplan-Meier survival curves were generated
from the data and univariate survival analysis was
performed by log-rank test. We tested the effect of
prognostic biomarkers on survival rate through the Cox
proportional hazards model.

Cell culture

GSE-1 is a human gastric epithelial cell line, and
SGC-7901 and BGC-823 are human gastric cancer
cell lines. Cells were cultured in RPMI 1640 medium
enriched with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, United States), 100 U/mL penicillin, and
100 μg/mL streptomycin (Invitrogen) at a temperature
of 37 ℃ humidified with < 5% CO2. Cells were obtained
from China Medical University (Shenyang, China).
All experiments were performed in triplicate with
independent cell cultures.

RESULTS
Differentially expressed mRNAs in SA

DEG screening was carried out using the TCGA-STAD
dataset including 124375 SA samples and 31 paracarcinoma tissues. R language (Edge R) was used to
estimate 6231 expression data sets. From the expression
data of 24991 mRNAs, 6231 differentially expressed
mRNAs were identified (Figure 1), which were further
investigated by WGCNA.

Real-time polymerase chain reaction

Total cellular RNA was extracted by TRIzol (Invitrogen)
cell separation reagent and the PURELINK miRNA
Isolation Kit (Invitrogen). The Promega miRNA FirstStrand cDNA Core Kit (Promega, Madison, WI, United
States) was used for reverse transcription of 500
ng RNA. Real-time polymerase chain reaction (PCR)
(LightCycler 480; Roche AG, Basel, Switzerland)
was performed using SYBR Master Mixture (Takara
Bio, Kusatsu, Japan). Samples were run in triplicate.
U6 DNA served as a loading control. Fold changes
in mRNA expression between different cells were
−ΔΔCT
determined by 2
normalization. The following
forward and reverse expression primers were used
for SNX10: 5’-GAAGGTCACTGTCTGGATTA-3’ and
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WGCN construction

To clarify the functional modules in SA patients, the
expression values of 6231 DEGs were included for
constructing a co-expression network with the WGCNA
package. We selected β = 2 as the soft-thresholding
power to construct a scale-free network (Figure 2A and
B). Twenty-four distinct co-expression modules were
identified that contained 41-1038 genes per module
(Figure 2C).

Identifying key clinically significant modules

Biologically, the most relevant module has the highest
association with clinical features of SA patients. The tan
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Figure 2 Determination of soft-thresholding power in weighted gene co-expression network analysis and gene clustering dendrograms. A: Analysis of
the scale-free fit index for various soft-thresholding powers (β); B: Analysis of the mean connectivity for various soft-thresholding powers; C: Gene clustering tree
(dendrogram) obtained by hierarchical clustering of adjacency-based dissimilarity.

Module functional annotation and hub gene
identification

module had the highest association with tumor grade
-6
(r = 0.24, P = 7 × 10 ; Figure 3A) and was selected
for subsequent analyses. The tan module also had the
second-highest association with tumor stage (r = 0.11, P
= 0.03; Figure 3A). TOM plot function from the WGCNA
package was used to generate a TOM plot (Figure 3B).
Eigengene was treated as a representative profile to
quantify module similarity. The dendrogram showed the
correlation between modules (Figure 3C). The heat map
revealed eigengene adjacency of modules (Figure 3D).
MM and GS data (Supplementary Table 1) were exported
for hub gene identification. Network analysis revealed
that expression and regulation of tumor-related genes
were altered in SA as opposed to non-tumor stomach
tissues.

WJG|www.wjgnet.com

All 93 DEGs in the tan module were submitted to the
online database DAVID to identify representative GO
[22]
terms and KEGG pathways
for further elucidation
of the functional properties of the DEGs. GO analysis
showed that the tan module contained biological
processes focused on immune response, inflammatory
response and defense response to virus infection. These
cellular components were focused on the external
side of the plasma membrane, extracellular space and
cells. Molecular function mainly focused on chemokine
activity (Figure 4A, Supplementary Table 2). Figure 4B
and Supplementary Table 3 show the most significantly
enriched pathways of the tan module following KEGG
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Figure 3 Identification of modules associated with clinical traits of stomach adenocarcinoma. A: Heat map of the correlation between module eigengenes and
clinical traits of stomach adenocarcinoma (SA); B: Topological overlap matrix (TOM) plot; C: Visualization of hierarchical clustering dendrogram of the eigengenes. The
eigen gene network represents the relationships among modules; D: Heat map of the eigengene adjacency. The color bars on the left and below indicate the module
for each row or column.

Univariate and multivariate analysis of SA patients

pathway analysis. The DEGs were enhanced in the
cytokine-cytokine receptor interaction, osteoclast
differentiation, and Toll-like receptor signaling pathway.
GS in the tan module of weighted co-expression was
exported to Cytoscape software for WGCN construction
(Figure 4C). We sorted the tan module DEGs according
to MM, GS and MCODE. We selected the top 30
members of each group and took the intersection (Figure
4D, Supplementary Table 1). SNX10 was identified as
the hub gene.

Of the 362 patients, 345 had clinical follow-up data but
209 (57.7%) patients died before the end of followup. The median DFS was 33.0 mo (range 5-91 mo),
and median OS was 45.50 mo (range 7-91 mo). The
Kaplan-Meier method and log-rank test were used to
study the clinical outcomes and the clinicopathological
factors. Patients with weak expression of SNX10 had
longer DFS (44.97 vs 33.85 mo, P < 0.05) and OS
(49.95 mo vs 40.84 mo, P < 0.05) (Table 1, Figure 5F
and G). Clinicopathological parameters with P < 0.05 in
univariate analysis were used for multivariate analysis.
Cox proportional hazards model was applied using a
backward stepwise method. Higher TNM stage predicted
shorter DFS and OS after adjusting for Bormann type,
tumor size and other factors (DFS: P = 0.000, HR =
78.873, 95%CI: 36.367-171.057; OS: P = 0.000, HR
= 76.703, 95%CI: 35.60-165.262; Table 3). Weak
expression of SNX10 also served as an independent
prognostic factor for prediction of DFS and OS (DFS: P =
0.014, HR = 0.698, 95%CI: 0.524-0.930; OS: P = 0.017,
HR = 0.704, 95%CI: 0.528-0.940; Table 3).

Expression of SNX10 in SA cells and specimens

Western blotting and real-time PCR showed that SNX10
was weakly expressed in BGC-823 and SGC-7901 cells
relative to control GES-1 cells (Figure 5A and B, P < 0.05).
We examined levels of SNX10 by immunohistochemistry
in 362 SA tissue samples to investigate the role of SNX10
in SA tissue. We found that 195 (53.9%) tissues showed
weak SNX10 expression (Figure 5D), and 167 (46.1%)
showed high expression (Figure 5E). The corresponding
negative results are shown in Figure 5C.

Correlations between clinicopathological factors and
expression of SNX10

DISCUSSION

Table 2 summarizes the relationship between clinico
pathological features and SNX10 expression. According
2
to χ or Fisher’s exact test, expression of SNX10 was
2
associated with T category (P = 0.042, χ = 8.708), N
2
category (P = 0.000, χ = 18.778), TNM stage (P = 0.001,
χ 2 = 16.744) and tumor differentiation (P = 0.0000, χ 2
= 251.930), which was consistent with our WGCNA
forecast. The Pearson correlation between SNX10 and
tumor differentiation was 0.834 (P = 0.000).
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The tumorigenesis and prognosis of SA are dependent on
the interaction of several factors, such as overexpression
of oncogenes, silencing of tumor suppressor genes, tumor
biological characteristics and clinical factors. According
to the genetic factors in SA occurrence, development
and prognosis, RNA sequencing could further help to
study the function of genes at the whole genome level.
As a systematic biology method to describe how clinical
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Table 2 Sorting nexin 10 expression and clinicopathologic characteristics, n (%)
Characteristic

Age (median, yr)
≥ 60
< 60
Gender
Male
Female
Tumor size
≥ 5 cm
< 5 cm
Location
Up
Middle
Low
Bormann type
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Lauren type
Intestinal
Mixed carcinoma
Diffuse
Tumor differentiation
Moderate and high
Poor
Vessel invasion
Yes
No
Perineural invasion
Yes
No
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

SNX10
High

Low

172 (47.5)

190 (52.5)

94 (49.0)
78 (45.9)

98 (51.0)
92 (54.1)

114 (46.0)
58 (50.9)

134 (54.0)
56 (49.1)

70 (45.8)
102 (48.8)

83 (54.2)
107 (51.2)

33 (43.4)
46 (45.1)
93 (50.5)

43 (56.6)
56 (54.9)
91 (49.5)

13 (46.4)
85 (52.8)
73 (43.7)
1 (16.7)

15 (53.6)
76 (47.2)
94 (56.3)
5 (83.3)

76 (45.8)
35 (41.7)
61 (54.5)

90 (54.2)
49 (58.3)
51 (45.5)

159 (90.3)
13 (7.0)

17 (9.7)
173 (93.0)

46 (43.0)
126 (49.4)

61 (57.0)
129 (50.6)

40 (45.5)
132 (48.2)

48 (54.5)
142 (51.8)

40 (58.8)
11 (45.8)
8 (66.7)
113 (43.8)

28 (41.2)
13 (54.2)
4 (33.3)
145 (56.2)

92 (60.5)
25 (40.3)
28 (41.2)
27 (33.8)

60 (39.5)
37 (59.7)
40 (58.8)
53 (66.3)

44 (57.1)
53 (60.9)
73 (37.6)
2 (50.0)

33 (42.9)
34 (39.1)
121 (62.4)
2 (50.0)

P value

χ 2 value

0.599

0.342

0.385

0.755

0.566

0.330

0.490

1.426

0.167

5.071

0.172

3.521

0.000

251.93

0.264

1.246

0.657

0.198

0.042

8.708

0.000

18.778

0.001

16.744

SNX10: Sorting nexin 10.

features associate with genes, WGCNA was applied
to investigate co-expression between SA tissue and
normal samples. WGCNA, an algorithm for a scale-free
network, is widely used in RNA sequencing and profiling
[10]
microarray analysis . The clustering criteria of WGCNA
are focused on biological significance, in contrast to the
other clustering algorithms that use geometric distance
between data for clustering. A module in WGCNA
depicted a group of genes in different tissue samples with
similar trends in physiological processes or expression.
After module identification, WGCNA calculates the
stability of the module and indicates how that correlates
with clinical features. The characteristic of a scale-free

WJG|www.wjgnet.com

network is that it highlights several special nodes whose
connectivity is significantly greater than that of other
general nodes. The special nodes are called hub genes.
Thus, it is the correlation between the hub genes of
interest and clinical features that can be used to reveal
the main causes of disease progression.
In the present study, DEGs were obtained by
comparing SA and normal gastric epithelial tissue
samples. WGCNA identified 24 distinct co-expression
modules from DEGs. The highest positive correlation
between the tan module and tumor grade was found
through the gene module related to clinical features.
Using comprehensive analyses of GS, MM, degree, and
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Figure 5 Expression of sorting nexin 10 in stomach adenocarcinoma cells and tissue and its effect on survival. A: Sorting nexin 10 (SNX10) protein
expression in stomach adenocarcinoma (SA) cell lines (SGC-7901 and BGC-823) and the human normal gastric epithelial cell line (GSE-1) by western blot. β-actin
was used as a loading control; n = 3, aP < 0.05; B: SNX10 mRNA expression in SGC-7901, BGC-823 and GSE-1 by real time-PCR; n = 3, aP < 0.05; C: The
representative negative result in SA tissue; magnifications are 200 ×; D: SNX10 was weakly expressed in SA tissue; magnifications are 200 ×; E: SNX10 had strong
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Table 3 Multivariate analysis of significant prognostic factors for survival in stomach adenocarcinoma patients
Variable

DFS

Bormann
Tumor size
Tumor differentiation
Vessel invasion
Perineural invasion
TNM stage
SNX10 expression

OS

P value

HR

95%CI

P value

HR

95%CI

0.418
0.395
0.686
0.292
0.171
0.000
0.014

1.109
0.884
0.874
1.424
0.815
78.873
0.698

0.864-1.424
0.665-1.175
0.455-1.678
0.738-2.746
0.607-1.093
36.367-171.057
0.524-0.930

0.531
0.625
0.658
0.419
0.269
0.000
0.017

1.083
0.931
0.859
1.320
0.864
76.703
0.704

0.844-1.388
0.701-1.238
0.440-1.679
0.674-2.586
0.628-1.139
35.600-165.262
0.528-0.940

DFS: Disease-free survival; OS: Overall survival; SNX10: Sorting nexin 10; HR: Hazard ratio; CI: Confidence interval.

MCODE score, we inferred that SNX10 was the hub
gene of the tan module. SNX10 is a member of the SNX
family, which possesses an evolutionarily conserved PX or
phosphoinositide-binding protein with a Phox homology
domain. SNX10 is involved in different endosomal
transport pathways by targeting endosomal membranes
[23,24]
through the PX domain
.
SNX10 only has one PX domain, and is the most
basic structured member of the SNX family. Even so, its
biological function is still largely unknown. Loss of SNX10
function may be an important therapeutic strategy
[25]
[26]
for inflammatory bowel disease . Chen et al have
suggested that SNX10 has interactions with V-ATPase.
SNX10 has regulatory functions in membrane trafficking
and endosomal stabilization, and SNX10 overdrive can
lead to formation and accumulation of giant vacuoles
[27]
[28]
that can be inhibited by brefeldin A . Shen et al have
reported that SNX10 is significantly downregulated and
acts as a suppressor in human colorectal cancer (CRC). It
can increase activity of chaperone-mediated autophagy
Cip1/WAF1
and decrease expression of p21
, thus regulating
tumorigenesis and progression. Downregulation of
SNX10 leads to loss of control of amino acid metabolism,
which activates the mTOR signaling pathway and
[29]
promotes tumorigenesis of CRC .
[30]
Gerber et al have described two variants of SNX10
gene as candidates for CRC susceptibility. In addition,
SNX10 exhibits the characteristics of a suppressor gene
and acts as a potential marker of hepatic carcinoma,
[31]
which may be regulated by miRNA-30d . These findings
show that inhibition of SNX10 expression may be closely
related to tumorigenesis and tumor progression, but its
clinical significance in SA remains unclear. Using western
blotting and real-time PCR, we have revealed differential
expression between SNX10 in SA cells and normal gastric
epithelial cells shown through bioinformatics analysis.
We also confirmed the correlation between SNX10 and
tumor grade based on the biopsy database in our center.
Hence, this study is believed to be the first to confirm
SNX10 as a prognostic factor for DFS and OS in SA
patients.
This study had some limitations. First, we did not
analyze the effect of SNX10 on the phenotype of SA. The
molecular regulatory mechanism of SNX10 also needs to
be further explored in future studies. Second, this was a
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single-center retrospective study. Further studies should
be conducted to validate our findings and highlight
the mechanistic impact of SX10 on SA tumorigenesis
and progression. In addition, sample size needs to be
increased for further statistical analysis.
In summary, WGCNA as well as other methods were
used to study RNA sequences and clinical data of SA
patients from the TCGA database. We conclude that
SNX10 is a hub gene associated with tumor grade and
acts as an independent prognostic factor for DFS and
OS in SA patients. SNX10 has the potential to become
a novel prognostic indicator contributing to personalized
therapy. However, more experiments are needed to
validate the clinical and biological functions of SNX10.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Stomach adenocarcinoma (SA) is by far the most prevalent pathologic
version of gastric cancer, whose prognosis is influenced by the complex gene
interactions involved in tumor progression. Guidelines have identified the
correlation between clinical prognosis and tumor stage and grade. Detection
of significant clusters of co-expressed genes or representative biomarkers
associated with tumor stage or grade may prompt to highlight the mechanisms
of tumorigenesis and tumor progression, and might be helpful to predict SA
patient prognosis.

Research motivation

To detect significant clusters of co-expressed genes associated with
tumorigenesis, which may help predict SA patient prognosis. The weighted
gene co-expression network analysis (WGCNA) method provided a functional
interpretation tool for systems biology and led to new insights into the
pathophysiology of SA.

Research objectives

The aim of the present study is to reveal a novel biomarker of SA and evaluate
the prognostic value of it in SA.

Research methods

The RNA-seq dataset and clinical dataset of SA in The Cancer Genome Atlas
(TCGA) were used in this study. The WGCNA was used to identify meaningful
modules and hub genes. A 326 patients database was used to evaluate the
clinical significance of hub genes via survival analysis.

Research results

Differentially expressed genes (DEGs) (6231) were obtained through whole
genome expression level screening. Gene modules (24) were identified using
WGCNA, which were observed to be co-expressed. Pearson’s correlation
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analysis showed the tan-module to be the most relevant to tumor stages.
In addition, we detected SNX10 as the hub gene of the tan-module. SNX10
expression was linked to TNM stage and tumor differentiation. Patients with
high SNX10 expression trended to have longer disease-free survival (DFS)
and overall survival in univariate analysis. Multivariate analysis also showed
that dismal prognosis could be precisely predicted clinicopathologically using
SNX10. However, more experiments are needed to validate the clinical and
biological functions of SNX10.

12
13

Research conclusions

14

WGCNA as well as other methods were employed to study RNA-seq and the
clinical data of SA patients from TCGA. SNX10 was considered as a hub gene
associated with tumor grade and acted as an independent prognostic factor
in SA patient DFS as well as overall survival. It has the potential to become a
novel prognostic indicator, thus contributing to personalized therapy.

15

Research perspectives

Our research team will explore the molecule function of SNX10 by establishing
animal models. We will also explore the mutual regulatory mechanism of
SNX10 through mass spectrometry analysis and co-immunoprecipitation.

16
17
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syndrome (PTMS) after donation after cardiac death
(DCD) liver transplantation (LT) and the pre- and
postoperative risk factors.
METHODS
One hundred and forty-seven subjects who underwent
DCD LT from January 2012 to February 2016 were en
rolled in this study. The demographics and the clinical
characteristics of pre- and post-transplantation were
collected for both recipients and donors. PTMS was
defined according to the 2004 Adult Treatment PanelⅢ criteria. All subjects were followed monthly for the
initial 6 mo after discharge, and then, every 3 mo for
2 years. The subjects were followed every 6 mo or as
required after 2 years post-LT.

INTRODUCTION
Liver transplantation (LT) is still the standard treatment
for patients with end-stage liver disease. The increasing
disparity between patients and supply of donor livers
prompts the surgeons to expand the donor pool. Thus,
the usage of livers from donation after cardiac death
(DCD) donors has increased rapidly. In the last two
decades, about 5.0% of the adult LTs were performed
[1]
using grafts from DCD donors in the United States .
Despite the high risk of a series of acute complications
[2]
correlated with the warm ischemia time (WIT) , several
parallel studies showed that the clinical outcomes of LT
using more restrictive DCD donor criteria including body
2
mass index (BMI) < 29 kg/m and functional WIT < 20
min were comparable to those with standard brain-dead
[3]
donors . Thus, the long-term prognosis of DCD LT has
gained increasing attention.
After LT, patients often develop a series of metabolic
alterations such as hyperglycemia, hypertension,
[4]
dyslipidemia, and obesity . These metabolic derange
ments were defined as posttransplant metabolic syn
drome (PTMS), which is correlated with cardiovascular
disease, and hence, under intensive focus. Reportedly,
the prevalence of PTMS is 39%-58% over a period of 1-6
[5,6]
years after LT in Western countries and 35.6% in Asia .
However, data on specific assessment of the morbidity of
PTMS after DCD LT are still lacking.
The present retrospective analysis described the
prevalence of PTMS after DCD LT and the pre- and
postoperative risk factors.

RESULTS
The prevalence of PTMS after DCD donor orthotopic
LT was 20/147 (13.6%). Recipient’s body mass index
(P = 0.024), warm ischemia time (WIT) (P = 0.045),
and posttransplant hyperuricemia (P = 0.001) were
significantly associated with PTMS. The change in
serum uric acid levels in PTMS patients was significantly
higher than that in non-PTMS patients (P < 0.001).
st
After the 1 mo, the level of serum uric acid of PTMS
patients rose continually over a period, while it was
unaltered in non-PTMS patients. After transplantation,
the level of serum uric acid in PTMS patients was not
associated with renal function.
CONCLUSION
PTMS could occur at early stage after DCD LT with
growing morbidity with the passage of time. WIT
and post-LT hyperuricemia are associated with the
prevalence of PTMS. An increased serum uric acid level
is highly associated with PTMS and could act as a serum
marker in this disease.
Key words: Posttransplant metabolic syndrome; Liver
transplantation; Donation after cardiac death; Uric acid;
Warm ischemia time

MATERIALS AND METHODS

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

Ethics

This is a retrospective cohort study. One hundred and
forty-seven subjects with DCD liver transplantation at
the First Affiliated Hospital of Xi’an Jiao Tong University
from January 2012 to February 2016 were enrolled in
this study that was approved by the Ethics Committee
of the Institute (No. XJTU1AF2018LSK-084).

Core tip: The objective of the current retrospective
analysis was to describe the pre- and postoperative
risk factors for prevalence of posttransplant metabolic
syndrome (PTMS) after liver transplantation (LT) with
donation after cardiac death (DCD). PTMS could occur
at early stage after DCD LT with growing morbidity
as time goes on. The warm ischemia time and
posttransplant hyperuricemia were associated with the
prevalence of PTMS. An increased serum uric acid level
was highly relevant to PTMS and could act as a serum
marker in this disease.

Donation and transplantation

Since the Chinese organ donation system has been
developed, DCD donor is the primary legal source of the
organ for transplantation. All the organ donations are
confirmed by the Maastricht categories of DCD type Ⅲ:
[7]
Awaiting cardiac arrest controlled . Mechanical support
is withdrawn in the operating room in a majority of the
cases. Five minutes after the declaration of death by
an independent physician, donor grafts are recovered
via double in situ perfusion with combined liver and

Hu LS, Chai YC, Zheng J, Shi JH, Zhang C, Tian M, Lv Y, Wang
B, Jia A. Warm ischemia time and elevated serum uric acid are
associated with metabolic syndrome after liver transplantation
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kidney rapid resection technique. Organ allocation is
conducted according to the waiting list from the organ
transplantation division of Chinese Medical Association.
All the transplants are performed using the primary
orthotopic LT (OLT) as the standard technique. For
immunosuppressive protocol, we used the standard
three-drug regimen including steroid, tacrolimus/cyc
losporine, and mycophenolate mofetil (MMF). For re
cipients with hepatocellular carcinoma (HCC), steroid[8]
free protocol was applied as described by Shen et al .

RESULTS
Demographics and clinical characteristics of the
recipients

The mean age of the recipients was 45.6 ± 10.8 year
old, and 121/147 (82.3%) recipients were male.
Furthermore, 98 (66.7%) patients in the cohort under
went transplantation because of hepatitis B virus (HBV)related liver disease, while other original diseases of the
recipients included hepatitis C virus (HCV) infection (15,
10.2%), alcoholic liver disease (6, 4.1%), autoimmune
hepatitis (9, 6.1%), and drug-induced liver dysfunction.
Thirty-four percent of patients of the cohort received LT
because of HCC.
The BMI of PTMS patients was significantly greater
than that of non-PTMS patients (23.5 ± 4.3 vs 21.8 ± 2.8,
P = 0.021). The proportions of obesity (20% vs 3.1%, P
= 0.002) and metabolic syndrome (10% vs 3.1%, P =
0.02) at transplantation, AKI (35% vs 10.2%, P = 0.002),
and hyperuricemia (55.0% vs 15.0%, P < 0.001) within
one month after transplantation were significantly higher
in PTMS patients as compared to non-PTMS patients. The
other characteristics pre- and post-transplantation did
not differ significantly between the two groups (Table 1).
None of the patients presented a clinical history of gout.

Demographics and clinical characteristics

The pre- and post-transplantation demographics and
clinical characteristics were collected for both recipients
and donors. PTMS was defined according to the 2004
[9]
Adult Treatment Panel-Ⅲ criteria . A patient would
be diagnosed as PTMS if ≥ 3 of the following five
conditions were fulfilled: (1) Obesity; (2) high fasting
glucose level (≥ 100 mg/dL); (3) hypertriglyceridemia
(≥ 150 mg/dL); (4) low high-density lipoprotein (HDL)
level [< 40 mg/dL (male) or < 50 mg/dL (female)];
and (5) high blood pressure (≥ 130/85 mmHg); or
pharmacological treatment for each of these conditions.
The diagnosis of obesity was adjusted according to the
characteristics of the Asian population and defined as a
2
BMI ≥ 27.5 kg/m in accordance with the 2004 World
[10]
Health Organization (WHO) guidelines . Hyperuricemia
was defined as a serum uric acid level > 420 μmol/L
within 1 mo post-transplantation, and the complications
included acute kidney injury (AKI), renal insufficiency,
acute rejection, and biliary complications.

Demographics and clinical characteristics of the donors

The mean age of the donors was 41.1 ± 14.2 years, and
121/147 (82.3%) donors were male. The BMI and WIT
of donors for PTMS patients were significantly greater
than those of donors for non-PTMS patients (BMI: 24.0 ±
4.7 vs 22.2 ± 3.2, P = 0.029; WIT: 10.8 ± 2.7 vs 9.2 ± 2.5,
P = 0.034) (Table 2).
The medical reasons for donors were predominantly
brain trauma (61.9%) as well as cerebrovascular
accident, anoxia, encephalopathy, and brain tumor.

Follow-up

All subjects were followed monthly for the initial 6 mo
after discharge, and then, every 3 mo for 2 years.
The subjects were followed every 6 mo or as required
after 2 years post-LT. Data of the donors and recipients
were uploaded to the China Liver Transplant Registry, a
database and official website for national data gathering.

Risk factors of PTMS for DCD recipients

The median follow-up period was 32.1 (range: 14-81)
mo. Twenty (13.6%) among one hundred and fortyseven subjects were diagnosed with PTMS; among these,
th
seven (4.8%) were diagnosed by the 6 mo after DCD
LT. The morbidities of postoperative obesity, diabetes,
hypertension, and dyslipidemia were 12.2%, 31.3%,
10.9%, and 22.4%, respectively.
The BMI of the recipients, WIT, AKI, and hype
ruricemia were found to be significantly associated with
PTMS according to the univariate logistic regression (Table
3). Moreover, BMI (OR = 10.9, 95%CI: 1.38-86.3, P =
0.024), WIT (OR = 1.23, 95%CI: 1.01-1.50, P = 0.045),
and hyperuricemia (OR = 11.8, 95%CI: 2.85-48.8, P =
0.001) remained significant parameters according to the
final multivariate logistic regression analysis (Table 4).

Statistical analysis

Statistical analyses were performed using SPSS Statistics
22 (SPSS Inc., Chicago, IL, United States). Continuous
data are presented as mean ± standard deviation
and were compared using t-tests. Categorical data
are presented as frequencies (percentages) and were
compared using chi-squared tests or Fisher’s exact
test as appropriate. Univariate and multivariate logistic
regressions were conducted to explore the factors
associated with PTMS. Odds ratios (OR) were presented
with 95% confidence intervals (CIs). Variables with P
< 0.1 in the univariate analysis were included in the
multivariate logistic regression. The stepwise procedure
was used to identify the variables independently
associated with PTMS in the final multivariate model.
Kaplan-Meier method was employed to determine the
survival of patients after LT, and log-rank test was used to
determine the difference in survival between PTMS and
non-PTMS patients. P < 0.05 was considered statistically
significant.
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Change in serum uric acid level in patients with and
without PTMS

The pre-LT level of serum uric acid was compared
between PTMS and non-PTMS, and no significant
difference was found (255 ± 96 vs 273 ± 84, P =

4922

November 21, 2018|Volume 24|Issue 43|

Hu LS et al . PTMS after DCD LT
Table 1 Demographics and baseline clinical characteristics for recipients n (%)
Variable
Demographics
Age, yr
Male
BMI, kg/m2
MELD score
Child-Pugh score
Smoking
Alcohol
HBV
HCV
Pre-LT comorbidity
Obesity
Diabetes mellitus
Hypertension
Dyslipidemia
Metabolic syndrome
Laboratory test
Pre-LT serum uric acid, μmol/L
Pre-LT serum creatinine, μmol/L
Pre-LT eGFR, mL/min per 1.73 m2
Operative characteristic
Anhepatic phase, min
Operation time, h
Length of ICU stay, d
Post-LT clinical characteristic
Steroid-free protocol for HCC
Tacrolimus use ≥ 24 mo
Cyclosporine use ≥ 24 mo
MMF use ≥ 24 mo
Acute graft rejection
Biliary complication
Acute kidney injury
Hyperuricemia

PTMS (n = 20)

Non-PTMS (n = 127)

P value

46.3 ± 9.0
17 (85.0)
23.5 ± 4.3
18.4 ± 8.3
10.5 ± 2.2
5 (25.0)
6 (30.0)
13 (65.0)
1 (5.0)

45.5 ± 11.0
104 (81.9)
21.8 ± 2.8
17.7 ± 8.5
10.0 ± 2.0
39 (30.7)
19 (15.0)
85 (66.9)
14 (11.0)

0.746
0.735
0.021
0.768
0.374
0.604
0.096
0.865
0.408

4 (20.0)
4 (20.0)
1 (5.0)
2 (10.0)
3 (10.0)

4 (3.1)
13 (10.2)
4 (3.1)
13 (10.2)
4 (3.1)

0.002
0.210
0.671
0.974
0.020

265 ± 116
55.2 ± 16.9
158.7 ± 54.6

280 ± 97
60.0 ± 19.0
139.2 ± 43.9

0.545
0.288
0.076

50.8 ± 9.5
6.7 ± 1.5
6.9 ± 3.0

53.5 ± 11.3
6.2 ± 1.1
6.8 ± 3.6

0.193
0.084
0.923

3 (15.0)
12 (60.0)
8 (40.0)
13 (65.0)
3 (15.0)
3 (15.0)
7 (35.0)
11 (55.0)

43 (33.9)
68 (53.5)
59 (46.5)
84 (66.1)
12 (9.4)
28 (22.0)
13 (10.2)
19 (15.0)

0.091
0.590
0.590
0.920
0.446
0.472
0.002
0.002

PTMS: Posttransplant metabolic syndrome; BMI: Body mass index; MELD: Model for end-stage liver disease; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; LT: Liver transplantation; eGFR: Estimated glomerular filtration rate; ICU: Intensive care unit; HCC: Hepatocellular carcinoma; MMF: Mycophenolate
mofetil.

0.545). The change in the serum uric acid level postLT over a period was verified with PTMS and non-PTMS,
respectively. The level of serum uric acid rose from 255 ±
96 to 400 ± 118 μmol/L in PTMS patients (P < 0.001) and
from 273 ± 84 to 350 ± 103 μmol/L in non-PTMS patients
(P < 0.001) during the first month after the surgery. After
st
the 1 mo, the level of serum uric acid in PTMS patients
continued to increase over time (P24 mo-1 mo < 0.001), while
it remained unchanged in non-PTMS patients (P24 mo-1 mo =
0.847) (Table 5 and Figure 1).

of DCD LT were 94.8% and 88.2%, respectively.
The graft loss might be attributed to infection (2/16,
12.5%), biliary complications (3/16, 18.8%), vascular
complications (2/16, 12.5%), primary graft failure (1/16,
6.3%), intra-abdominal hemorrhage (2/16, 12.5%),
rejection (2/16, 12.5%), and tumor recurrence (4/16,
25%). No events were recorded in the recipients with
PTMS.

Correlation between serum uric acid level and estimated
glomerular filtration rate in patients with and without
PTMS

Controlled DCD donors constitute the most potential
donors in China since 2010. This is the first study
assessing the prevalence of MS for DCD LT. In the current
study, the prevalence of PTMS is 13.6% for the whole
cohort. PTMS could occur at the early stage after DCD LT
with growing morbidity with the passage of time.
The prevalence of PTMS was found to be remarkably
[5,6,11,12]
lower than that reported in the previous studies
.
Several potential reasons might be able to explain the
relatively low prevalence. First, the morbidities of pretransplant MS and its components in the current study
were significantly lower than those reported previously.
The prevalence of PTMS was almost triple with respect

DISCUSSION

Serum uric acid was significantly correlated with esti
mated glomerular filtration rate (eGFR) pre-transplan
tation in all patients. Subsequently, the changes in the
serum uric acid were significantly associated with the
corresponding changes in eGFR among non-PTMS pa
tients, while serum uric acid in PTMS patients did not
appear to be correlated with eGFR over a period (Table 6).

Survival and freedom from complications

One-year patient and graft estimated survival rates
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Table 2 Demographics and clinical characteristics for donors
Variable
Demographics
Age, yr
Male, n (%)
BMI, kg/m2
Operative characteristic
WIT, min
CIT, h

PTMS
(n = 20)

Non-PTMS
(n = 127)

P value

42.0 ± 13.7
17 (85.0)
24.0 ± 4.7

41.0 ± 14.3
104 (81.9)
22.2 ± 3.2

0.762
0.735
0.029

10.8 ± 2.7
5.1 ± 1.9

9.2 ± 2.5
5.2 ± 1.6

0.034
0.864

Table 4 Multivariate analysis for the factors associated with
posttransplant metabolic syndrome

OR (95%CI)

P value

1.26 (0.48-3.31)
1.25 (0.34-4.64)
1.33 (0.45-3.92)
2.44 (0.83-7.13)
0.92 (0.34-2.47)
0.43 (2.25-13.6)
7.69 (1.75-33.8)
2.19 (0.64-7.55)
1.62 (0.17-15.3)
2.17 (0.27-17.5)
2.42 (0.67-8.74)
1.91 (0.37-9.90)
1.21 (1.04-1.41)
0.95 (0.69-1.31)
0.35 (0.10-1.24)
1.77 (0.39-4.01)
1.30 (0.50-3.40)
1.05 (0.39-2.83)
1.69 (0.43-6.61)
0.48 (0.17-2.28)
4.72 (1.60-14.0)
6.95 (2.54-19.0)

0.642
0.735
0.605
0.104
0.865
0.408
0.007
0.214
0.674
0.469
0.178
0.443
0.014
0.741
0.065
0.591
0.591
0.920
0.450
0.467
0.005
< 0.001

OR: Odds ratio; CI: Confidence interval; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; BMI, Body mass index; WIT: Warm ischemia time;
CIT; Cold ischemia time; LT: Liver transplantation; HCC: Hepatocellular
carcinoma; MMF: Mycophenolate mofetil.

to pre-transplant MS within 2 years post-surgery. The
prevalence might further rise in prolonged follow-up
periods. Second, different etiologies might also cause the
lower morbidity of PTMS. Unlike Europe or United States,
HBV, not non-alcoholic steatohepatitis (NASH) or HCV,
was the most common indication for LT observed at our
center. HCV is reported to be related to diabetes mellitus
[13,14]
and NAFLD in liver disease
. Some investigators also
found a higher rate of PTMS in HCV recipients in multiple
[4,6,15,16]
studies
. Conversely, only a few studies showed
the relationship between HBV and post-LT metabolic
issues. Finally, the mean age (46 years old) of this cohort
was relatively young. Although we did not find age as
an independent risk factor for PTMS in the current study,
it has been widely accepted that older recipients have a
[17]
higher prevalence of metabolic disorders .
In the current study for DCD patients, BMI, WIT, and

WJG|www.wjgnet.com

P value

Steroid-free protocol for HCC
BMI
Warm ischemia time
Acute kidney injury
Hyperuricemia

0.22 (0.41-1.16)
10.9 (1.38-86.3)
1.23 (1.01-1.50)
3.58 (0.94-13.6)
11.8 (2.85-48.8)

0.219
0.024
0.045
0.062
0.001

hyperuricemia were found to be associated with PTMS.
Ischemia-reperfusion injury resulting from prolonged
WIT could lead to a series of post-OLT complications.
However, whether WIT exerted any influence on PTMS
has not yet been elucidated. Also, hepatic ischemia[18]
reperfusion injury induced insulin resistance . A clinical
study found an early occurrence of new-onset diabetes
after transplantation, which is related to the type of liver
[19]
[20]
graft and warm ischemic injury . Perera et al reported
the differences in the metabolites in the microdialysate
samples of liver grafts from DCD and brain deaths. These
studies indicated that WIT might contribute to hepatic
metabolomic changes post-transplantation. In this study,
the ineluctable WIT, rather than cold ischemia time, for
DCD LT was found to be an independent risk factor of the
post-transplantation metabolic syndrome; nonetheless,
further experiments are essential for exploring the
underlying mechanism.
Another intriguing finding of this research was
derived from the analysis of serum uric acid after LT. To
date, only a few studies are available on the predictors of
[21]
PTMS . Hyperuricemia is one of the potential metabolic
complications of LT. The elevated level of serum uric acid
has frequently been observed post-transplantation and
reportedly, associated with ischemia-reperfusion injury,
[22-24]
renal dysfunction, and immunosuppressive therapy
.
In addition, some studies demonstrated the correlation
of hyperuricemia with the development of metabolic
syndrome; however, its role on PTMS has not yet been
[25]
deduced . Herein, we found hyperuricemia to be
associated with PTMS.
Subsequently, we explored whether the elevated
serum uric acid level was associated with PTMS and found
rapidly increased levels of the acid in patients with PTMS
in the first month post-surgery. Compared with the nonPTMS cohort, patients with metabolic syndrome exhibited
a higher preoperative BMI and donor BMI. Although
obesity is one of the risk factors of hyperuricemia, the
mean uric acid level before surgery of the two groups
was normal. Furthermore, BMI may not be the reason
for the sudden increase in the level of uric acid level
immediately after LT. Other differences between the two
cohorts were that patients in the PTMS group suffered
longer WIT and more AKI in the perioperative period
than the non-PTMS group; the prolonged WIT of DCD
LT led to worse ischemia-reperfusion injury and caused

Table 3 Univariate analysis for the factors associated with
posttransplant metabolic syndrome

Age
Male
Smoking
Alcohol
HBV
HCV
BMI
Pre-LT diabetes mellitus
Pre-LT hypertension
Pre-LT dyslipidemia
Donor age
Donor BMI
WIT
CIT
Steroid-free protocol for HCC
Tacrolimus use ≥ 24 mo
Cyclosporine use ≥ 24 mo
MMF use ≥ 24 mo
Acute graft rejection
Biliary complication
Acute kidney injury
Hyperuricemia

OR (95%CI)

OR: Odds ratio; CI: Confidence interval; HCC: Hepatocellular carcinoma;
BMI: Body mass index.

PTMS: Posttransplant metabolic syndrome; BMI: Body mass index; WIT:
Warm ischemia time; CIT: Cold ischemia time.

Variable

Variable
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Table 5 Serum uric acid level change of patients who did and did not develop posttransplant metabolic syndrome
Time point

PTMS
Mean ± STD, μmol/L

Overall P value

255 ± 96
400 ± 118
432 ± 80
446 ± 72
460 ± 96
512 ± 76

< 0.001

Pre-LT(Baseline)
P1st mo
P3rd mo
P6th mo
P12th mo
P24th mo

Non-PTMS
Mean ± STD, μmol/L
Overall P value
273 ± 84
350 ± 103
355 ± 81
360 ± 78
360 ± 83
348 ± 90

< 0.001

PTMS: aP1 mo-Baseline < 0.001, bP12 mo-1 mo = 0.017, cP24 mo-1 mo < 0.001; Non-PTMS: dP1 mo-Baseline < 0.001, eP12 mo-1 mo = 0.394, fP24 mo-1 mo = 0.847. PTMS: Posttransplant
metabolic syndrome.

continued to increase in PTMS patients and overstepped
the upper limit of normal blood uric acid concentration.
Intriguingly, after adjusting for renal function, the
disparity in the values persisted. This indicated that the
increased serum uric acid level was highly associated
with PTMS. Recently, accumulating evidence suggested
that uric acid, the final product of the purine degradation
in human, was an independent predictor of metabolic
[30]
syndrome. Choi et al found a significantly high preva
[31]
lence of MS in the hyperuricemia population. Li et al
reported that the increase in the serum uric acid level
within the normal range could predict the risk of meta
bolic syndrome. A meta-analysis reported a linear dis
position from a uric acid increase on the prevalence of
[32]
MS . However, any evidence supporting the relationship
between hyperuricemia and PTMS was absent. Based on
the current data, we hypothesized that uric acid could
serve as a serum marker for the prevalence of PTMS.
Nevertheless, the present study had several limi
tations. First, our results were based on a single center
retrospective study. Second, the follow-up period of the
current study was relatively short than the previous longterm retrospective studies, thereby limiting the results
of patients’ survival and complications. Third, the donor
source did not allow comparison of the data from DCD
with DBD LT.
In conclusion, the current study showed that
PTMS could occur at the early stage after DCD LT with
growing morbidity with the passage of time. For the
first time, we found that prolonged warm ischemia and
post-LT hyperuricemia were associated with prevalent
PTMS. Also, increased serum uric acid level was highly
associated with PTMS and could serve as a serum marker
for monitoring such a disease.

Table 6 Correlation coefficient between serum uric acid level
and estimated glomerular filtration rate in patients who did
and did not develop posttransplant metabolic syndrome
PTMS

r
Pre-LT
P1 mo-Baseline
P3 mo-Baseline

-0.74
-0.44
0.076

Non-PTMS

P value

r

P value

< 0.001
0.052
0.750

-0.28
-0.43
-0.22

0.002
< 0.001
0.014

Concentration of serum uric acid

PTMS: Posttransplant metabolic syndrome; LT: Liver transplantation.

μmol/L
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6 mo. 12 mo.
post-LT post-LT

th

24 mo.
post-LT

Perioperative period

Figure 1 Posttransplant levels of serum uric acid in patients with and
without posttransplant metabolic syndrome. The red folding line reflects
the serum uric acid level change of patients who did develop posttransplant
metabolic syndrome (PTMS) [data are presented as mean ± standard error
of mean (SEM), and n = 20], and the azure folding line reflects the situation of
patients without PTMS (data are presented as mean ± SEM, and n = 127). The
abscissa in the figure indicates the period from pre-liver transplantation to postliver transplantation 24th mo. PTMS: Posttransplant metabolic syndrome; PostLT: Post-liver transplantation.
[26]

AKI . Warm ischemia could also induce breakdown of
hepatocellular ATP to purine catabolites that are oxidized,
[27]
and in turn, become uric acid after reperfusion . This
phenomenon renders uric acid as one of the markers
[28]
to predict the hepatic injury due to ischemia . Renal
dysfunction caused by AKI is also associated with the
[22,29]
elevated level of uric acid
. Although not found in the
current study, prolonged WIT remains a potential cause
for the tendency of a rapid rise in the level of serum uric
acid in the perioperative period of LT.
After a sharp increase in the first month, the level of
uric acid stabilized in the non-PTMS cohort. Moreover, it
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Research background

Liver transplantation (LT) is still the standard treatment for patients with endstage liver disease. The usage of livers from donation after cardiac death
(DCD) donors has increased rapidly. Current research shows that some risks
of a series of acute and chronic complications are correlated with the warm
ischemia time (WIT). Thus, the long-term prognosis of DCD LT has gained
increasing attention.

Research motivation

After LT, patients may develop a series of metabolic disorders which is called
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posttransplant metabolic syndrome (PTMS). However, data on specific
assessment of the morbidity of PTMS after DCD LT are still lacking. Therefore,
this study aimed to further explore the prevalence of PTMS after DCD LT and
the pre- and postoperative risk factors, to provide evidence for clinical decision
rules.

3

Research objectives

The present retrospective analysis describes the prevalence of PTMS after
DCD LT and the pre- and postoperative risk factors that are relevant to the
occurrence of PTMS, and provides evidence for clinical judgment.

4

Research methods

5

This is a retrospective cohort study. One hundred and forty-seven subjects who
underwent DCD liver transplantation from January 2012 to February 2016 were
enrolled in this study. The pre- and post-transplantation demographics and
clinical characteristics were collected for both recipients and donors. All subjects
were followed monthly for the initial 6 mo after discharge, and then, every 3
mo for 2 years. The subjects were followed every 6 mo or as required after 2
years post-LT. All data were used to perform statistical analysis and identify the
variables independently associated with PTMS in the final multivariate model.

6

7

Research results

In this retrospective cohort study, the prevalence of PTMS after DCD donor
orthotopic LT was 13.6%. Recipient’s body mass index, WIT, and posttransplant
hyperuricemia were significantly associated with PTMS. The change in serum
uric acid level in PTMS patients was significantly higher than that in non-PTMS
patients. After the 1st month, the level of serum uric acid of PTMS patients
rose continually over a period, while it was unaltered in non-PTMS patients.
After transplantation, the level of serum uric acid in PTMS patients was not
associated with renal function.

8

9

Research conclusions

PTMS could occur at early stage after LT DCD with growing morbidity as time
goes on. For the first time, we found that prolonged WIT and the posttransplant
hyperuricemia were associated with the prevalence of PTMS, and an increased
serum uric acid level was highly associated with PTMS and could serve as a
serum marker for monitoring such a disease.
10

Research perspectives

In this study, the ineluctable WIT rather than cold ischemia time for DCD LT
was found initially as an independent risk factor of PTMS. Nonetheless, further
experiments are essential for exploring the underlying mechanism. Our data
also indicated that the increased serum uric acid level was highly associated
with PTMS. Although prolonged WIT remains a potential cause for the tendency
of a rapid rise in the level of serum uric acid in the perioperative period of LT,
after a sharp increase in the first month, the level of uric acid stabilized in the
non-PTMS cohort. However, it continued to increase in PTMS patients and
overstepped the upper limit of normal blood uric acid concentration. Intriguingly,
after adjusting for renal function, the disparity in the values persisted.
Recently, accumulating evidence also suggests the standpoint that uric acid
is an independent predictor of metabolic syndrome. In consideration of our
research results, more prospective studies are urgently required to provide
evidence for clinical verification. Future research should include larger cohorts
of patients from multiple centers to expand the sample size and establish a
more comprehensive long-term follow-up to improve the statistical database
containing more factors, including PTMS and survival rate.

11

12

13

14
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Barr virus (EBV) and human papillomavirus (HPV) with
gastric cancer (GC) cases in Pará State, Brazil.

gastric cancer, especially the more aggressive forms.

METHODS
Tissue samples were obtained from 302 gastric ade
nocarcinomas. A rapid urease test was used to detect
the presence of H. pylori , and the presence of the
cagA gene in the HP-positive samples was confirmed
by PCR. An RNA in situ hybridization test designed
to complement Eber1 RNA was used to detect the
presence of EBV in the samples, and the L1 region
of HPV was detected using nested PCR. Positive HPV
samples were genotyped and analyzed for E6 and E7
viral gene expression. Infections were also correlated
with the clinical and pathological characteristics of the
patients.

de Souza CR, Almeida MC, Khayat AS, da Silva EL, Soares PC,
Chaves LC, Burbano RM. Association between Helicobacter
pylori, Epstein-Barr virus, and human papillomavirus and
gastric adenocarcinomas. World J Gastroenterol 2018;
24(43): 4928-4938 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i43/4928.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i43.4928

INTRODUCTION
Though the worldwide incidence of gastric cancer (GC)
has declined rapidly over the past few decades, GC is
still the world’s fourth leading cause of cancer deaths in
[1]
both males and females . In Brazil, approximately 20
thousand cases of GC are expected in 2018 and 2019; in
the North and Northeast regions of the country, it is the
second most common type of cancer in men, and it is
the fifth most common in women in the North, Southern
[2]
and Central West regions .
The majority of GC cases have a multifactorial origin,
that is, they are determined by a combination of genetic
and environmental factors. Just over half of all cases of
GC are the result of a gradual accumulation of driver
[3]
mutations caused by environmental factors , such as
a diet high in salt and carbohydrates, a high intake of
food preserved with nitrites, and reduced consumption
[4,5]
of fruit and vegetables . Microbial infections have also
[6-9]
been shown to contribute to gastric tumorigenesis ,
and gastric physiology and immunology are known to
[10,11]
be altered by Helicobacter pylori (H. pylori)
. While
more than half of the world’s population is infected with
H. pylori, however, only approximately 3% of these
[12-14]
individuals will develop GC
. One of the factors that
may be responsible for this discrepancy is the genetic
variability of HP, such as the presence of the cagA gene,
[15-19]
and interaction with other pathogens
.
The Epstein-Barr virus (EBV) is a second pathogen
[7,9]
that may be associated with GC . This virus provokes
a disruption of the genes involved in cell cycle regulation,
inflammation, and angiogenesis, as well as the loss of
[20,21]
tumor suppressor genes by hypermethylation
.
However, in the case of the third pathogen inves
tigated here, the human papillomavirus (HPV), no syste
[6,22-24]
matic association has been established
. While the
oncogenic properties of HPV have been demonstrated
[25-28]
in studies of other portions of the digestive tract
, its
[23,24,29,30]
possible relationship with GC is still unclear
.
Given the potential influence of H. pylori and EBV on
[7,8]
the development of GC
and the high prevalence of
[31,32]
HPV in the general population of Pará State, Brazil
,
the present study aimed to elucidate the possible
relationship of these microorganisms with the clinicalpathological characteristics of patients with GC in this
region.

RESULTS
The majority of the 302 samples analyzed were ob
tained from men (65%) aged 55 years or older (67%)
and were classified as the intestinal subtype (55%). All
three pathogens were found in the samples analyzed
in the present study (H. pylori : 87%, EBV: 20%, HPV:
+
3%). Overall, 78% of the H. pylori -positive (H. pylori )
+
samples were cagA + (H. pylori -cagA ), and there was
an association between the cytotoxic product of this
+
gene and EBV. Coinfections of H. pylori -cagA and
EBV were correlated with the most advanced tumor
stages. Although only 20% of the tumors were positive
for EBV, infection with this virus was associated with
distant metastasis. Only the HPV 16 and 18 strains
were found in the samples, although no expression of
the E6 and E7 oncoproteins was detected. The fundus
of the stomach was the region least affected by the
pathogens.
CONCLUSION
HPV was not involved in gastric tumorigenesis. Prophy
lactic and therapeutic measures against H. pylori and
EBV may prevent the development of GC, especially the
more aggressive forms.
Key words: Gastric cancer; Gastric adenocarcinomas;
Microorganisms; Helicobacter pylori ; cagA ; Epstein-Barr
virus; Human papillomavirus
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the presence of Helicobacter
pylori (H. pylori ), Epstein-Barr virus (EBV) and human
papillomavirus in gastric adenocarcinomas and their
relationships with the clinicopathological characteristics
of the patients. Despite the fact that all three
pathogens were found in the samples, we believe that
only H. pylori and EBV contribute to the transformation
of tissue associated with carcinogenesis. A significant
association between the cagA gene of H. pylori and
EBV was also observed. Given this finding, the use of
prophylactic and therapeutic measures against both H.
pylori and EBV may help to prevent the development of
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detected in the gastric samples by using a 30-bp biotinylated
probe (5’-AGACACCGTCCTCACCACCCGGGACTTGTA-3’)
that is complementary to the most abundant viral
product in latently infected cells, the EBV-encoded small
[37]
RNA-1 (Eber1) . For this assay, RNA in situ hybridi
zation (ISH) was used, and the signal was amplified
using a mouse anti-biotin antibody (clone BK, 1:20
dilution; DakoCytomation®, CA, United States) and a
biotinylated rabbit anti-immunoglobulin antibody (poly
clonal, 1:100 dilution; DakoCytomation®). Streptavidinbiotin peroxidase complex (DakoCytomation®) and dia
minobenzidine chromogen (DakoCytomation®) were used
to detect this reaction. The slides were counterstained
with Harris’s hematoxylin, and the cells were examined
under light microscopy at 40 × or 20 × magnification by
two independent investigators. In this examination, 10
representative microscopic fields containing at least five
cells were evaluated. The positive control was an EBVpositive GC sample, and two untreated slides were used
as negative controls. Samples were considered positive
when 5% or more of the epithelial cells were stained
brown/red.

MATERIALS AND METHODS
Patients and tissue samples

Tissue samples were obtained from 302 gastric adeno
carcinomas collected between 2005 and 2015 in the
city of Belém, Pará, Brazil. The patients were between
28 and 92 years old, with a mean age of 62 years. This
study was approved by the Ethics Committee of the
João de Barros Barreto University Hospital in Belém (No.
142004 and No. 637.233). Written informed consent was
obtained from all the patients included in the study prior
to the collection of samples. No patient had any previous
history of any other type of tumor, and all samples were
obtained prior to the administration of chemo- and/or
radiotherapy. The tumors were categorized according
to the TNM classification system of American Joint
[33]
Committee on Cancer (AJCC) Cancer Staging , the
patients’ clinical and histopathological analyses, and
[34]
Lauren’s histological classification .

Sample processing

For the molecular analysis, the biological material was
frozen in liquid nitrogen directly after collection. DNA
was then extracted from the macerated tumor tissue
[35]
with phenol-chloroform , and RNA was obtained using
Tri-reagent® (Thermo, CA, United States), following
the manufacturer’s protocol. cDNA was synthesized
by incubating the samples at 37 ℃ for 1 h in a buffer
containing 50 mmol/L Tris pH 8.4, 75 mmol/L KCl,
23 mol/L MgCl2, 300 ng of RNA, 0.2 µg of oligo-dT,
10 mmol/L DTT, 0.5 mmol/L dNTP, 10 units of RNase
inhibitor, and 50 units of reverse transcriptase. For the
anatomopathological analyses, the material was fixed
in paraformaldehyde before being embedded in paraffin
and stained with hematoxylin and eosin.

Detection of HPV

Nested PCR was used to classify the samples as HPV
positive or negative. The first PCR used the generic
[38]
PGMY09/11 primers described by Gravitt et al , which
amplify the L1 region of HPV, and the second PCR used
[39]
the GP5+/6+ primers described by Jacobs et al . The
PCR products were separated on a 2% agarose gel. After
identification, the virus was genotyped by sequencing
the PCR product with the GP5+ primer using a capillary
3730XL DNA Analyzer (Thermo Fisher Scientific,
United States). All the nucleotide sequences obtained
in these analyses were compared with the GenBank/
NCBI database using the BLAST alignment search tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The E6 and
E7 oncoprotein expression of HPV 16 and 18 were
[40]
investigated by RT-PCR as described by Chang et al .

Detection of H. pylori and cagA

H. pylori produces urease to convert urea to ammonia,
and this property is exploited by the commercially
available rapid urease test (Promedical, Juiz de Fora,
Minas Gerais, Brazil) to detect the presence of H. pylori
in gastric samples. We applied this test to all gastric
samples, and when urease was detected, the pH and
consequently, the color of the solution, were changed.
The samples were first placed in a tube containing
20 g/L of Christensen’s urea agar and incubated at 37 ℃
for 24 h before being examined for urea hydrolysis. PCR
was used to confirm negative results and detect the
presence of the cagA gene in the H. pylori-positive (H.
+
pylori ) samples. The oligonucleotides used here were
[36]
described by Covacci et al . A sample was considered
positive if a clear band was visible in the 20 g/L agarose
electrophoresis gel in comparison with a molecular weight
marker, and all reactions were performed in duplicate.

Statistical analysis

The results of the infections were correlated with the
clinical-pathological data of the gastric adenocarcinoma
patients. The Shapiro-Wilk test was used to evaluate
the distribution of the samples. The association between
H. pylori, EBV and HPV infections (either separately
or combined) and clinical-pathological parameters
was evaluated using the chi-square test and logistic
regression analysis. A P < 0.05 significance level was
considered for all analyses, and a 95% confidence
interval was also applied. The results are given as the P
value, odds ratio (OR), and confidence interval (CI). The
statistical methods of this study were reviewed by André
Salim Khayat from Oncology Research Center, Federal
University of Pará.

Detection of EBV

RESULTS

EBV is known to infect lymphocytes, but these cells were
not included in the present analysis. In this case, EBV was
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The studied population was divided into two age groups:
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HP-

25 (66)
13 (34)

24 (63)
14 (37)

14 (36)
25 (64)

14 (37)
24 (63)

10 (27)
28 (73)

2 (5)
36 (95)

18 (47)
20 (53)

7 (18)
31 (82)

0 (0)
38 (100)

195 (65)
107 (35)

201 (67)
101 (33)

104 (34)
198 (66)

166 (55)
136 (45)

70 (23)
232 (77)

16 (5)
286 (95)

141 (47)
161 (53)

62 (20)
240 (80)

8 (3)
294 (97)

38 (13)

HP+

8 (3)
256 (97)

55 (21)
209 (79)

123 (47)
141 (53)

14 (5)
250 (95)

60 (23)
204 (77)

152 (58)
112 (42)

90 (34)
173 (66)

177 (67)
87 (33)

170 (64)
94 (36)

264 (87)

0.277 (1.01-1.05)

0.731 (0.49-2.79)

0.928 (0.52-2.04)

0.992 (0.22-4.55)

0.624 (0.38-1.79)

0.016 (1.15-4.70)

0.837 (0.46-1.87)

0.635 (0.58-2.41)

0.866 (0.46-1.92)

P (95%CI)

CagA-

1 (1)
97 (99)

9 (9)
89 (91)

48 (49)
50 (51)

5 (5)
93 (95)

27 (28)
71 (72)

48 (49)
50 (51)

37(38)
61 (62)

65 (66)
33 (34)

60 (61)
38 (39)

98 (23)

CagA+

7 (3)
197 (97)

53 (26)
151 (74)

93 (46)
111 (54)

11 (5)
193 (95)

43 (21)
161 (79)

118 (58)
86 (42)

67 (33)
137 (67)

136 (67)
68 (33)

135 (66)
69 (34)

204 (77)

0.222 (0.42-28.41)

0.001 (1.63-7.37)

0.580 (0.71-1.86)

0.916 (0.32-2.79)

0.212 (0.40-1.22)

0.147 (0.88-2.32)

0.400 (0.49-1.33)

0.953 (0.61-1.69)

0.400 (0.75-2.04)

P (95%CI)

EBV-

6 (2)
234 (98)

121 (50)
119 (50)

13 (5)
227 (95)

56 (23)
184 (77)

127 (53)
113 (47)

81 (34)
159 (66)

157 (65)
83 (35)

152 (63)
88 (37)

240 (80)

EBV+

2 (3)
60 (97)

20 (32)
42 (68)

3 (5)
59 (95)

14 (23)
48 (77)

39 (63)
23 (37)

23 (37)
39 (63)

44 (71)
18 (29)

43 (69)
19 (31)

62 (20)

0.751 (0.26-6.60)

0.011 (1.18-3.85)

0.856 (0.31-4.08)

0.900 (0.49-1.87)

0.159 (0.85-2.70)

0.621 (0.65-2.07)

0.409 (0.70-2.38)

0.377 (0.72-2.39)

P (95%CI)

HPV-

137 (47)
157 (53)

16 (5)
278 (95)

65 (22)
229 (78)

164 (56)
130 (44)

100 (34)
194 (66)

201 (68)
93 (32)

192 (65)
102 (35)

294 (97)

4 (50)
4 (50)

0 (0)
8 (100)

5 (62)
3 (38)

2 (25)
6 (75)

4 (50)
4 (50)

0 (0)
8 (100)

3 (37)
5 (63)

8 (3)

HPV+

0.849 (0.21-3.55)

0.498 (0.92-0.97)

0.008 (1.37-25.22)

0.084 (0.05-1.33)

0.348 (0.47-7.92)

0.000 (1.03-1.15)

0.105 (0.75-1.36)

P (95%CI)

Individuals aged 55 years or over (67% of the total) and individuals younger than 55 years (33%). The majority (65%, n = 195) of the 302 samples analyzed in the present
study were obtained from men, with the remainder (35%, n = 107) being obtained from women. The clinicopathological data on the GC patients and their association with the
presence or absence of H. pylori, EBV and HPV are shown in Table 1.
The GC cases were divided into two groups based on the presence of gastric epithelial stem cells: (1) proximal gastric carcinoma (cardia), and (2) distal carcinoma
[41]
(noncardia), with specific pathological, clinical, epidemiological and prognostic characteristics . Overall, 35% of the tumors were located in the proximal region, and 65%
in the distal region (31% in the antrum, 19% in the fundus, and 15% in the body).
Based on Lauren’s microscopic classification, the most widely used system for gastric adenocarcinomas, there are two principal types of gastric tumor: (1) the diffuse
type, which has a worse prognosis and is characterized by invasive growth and the absence of premalignant lesions, and (2) the intestinal type, the development of which is

EBV: Epstein-Barr virus; HPV: Human papillomavirus.

Gender
Male
Fem
Age
≥ 55
< 55
Localization
Proximal
Distal
Subtype
Intestinal
Diffuse
TNM
T
T1-T2
T3-T4
N
N0
N1-N3
M
M0
M1
EBV
EBV+
EBVHPV
HPV+
HPV-

n (%)

Table 1 Clinicopathological data of patients with gastric cancer and their relation with the presence or absence of Helicobacter pylori , Helicobacter pylori-cagA , Epstein-Barr virus and human
papil-lomavirus
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Table 2 Ratio, in absolute value and percentage, between pathogen (Helicobacter pylori , Epstein-Barr virus, and human
papillomavirus), strain (HPcagA ) and tumor location
Infection

Cardia (104)

P (OR, 95%CI)

Fundus (57)

P (OR, 95%CI)

Body (45)

HP+ (263)

91 (34.6%)

44 (16.7%)

67 (33%)

0.012 (OR = 0.395,
95%CI: 0.188-0.831)
0.000 (OR = 0.361,
95%CI: 0.201-0.648)
0.000 (OR = 0.053,
95%CI: 0.007-0.388)
0.162 (OR = 0.803,
95%CI: 0.758-0.850)

40 (15.2%)

H. pyloricagA+ (203)
EBV+ (62)

0.975 (OR = 1.012,
95%CI: 0.494-2.071)
0.400 (OR = 0.806,
95%CI: 0.488-1.332)
0.621 (OR = 1.158,
95%CI: 0.648-2.069)
0.348 (OR = 1.940,
95%CI: 0.475-7.920)

HPV+ (8)

23 (37.1%)
4 (50%)

27 (13.3%)
1 (1.6%)
0 (0%)

P (OR, 95%CI)

0.704 (OR = 1.213,
95%CI: 0.447-3.291)
35 (17.2%) 0.092 (OR = 1.886,
95%CI: 0.894-3.978)
16 (25.8%) 0.009 (OR = 2.435,
95%CI: 1.227-4.833)
2 (25%)
0.436 (OR = 1.894,
95%CI: 0.370-9.686)

Antrum (95) P (OR, 95%CI)
88 (33.5%)
74 (36.5%)
22 (35.5%)
2 (25%)

0.064 (OR = 2.214,
95%CI: 0.938-5.228)
0.009 (OR = 2.087,
95%CI: 1.191-3.656)
0.444 (OR = 1.258,
95%CI: 0.699-2.266)
0.690 (OR = 0.720,
95%CI: 0.143-3.637)

EBV: Epstein-Barr virus; HPV: Human papillomavirus; H. pylori: Helicobacter pylori.

dependent on environmental factors and is associated
with premalignant lesions, particularly chronic and
[34,42,43]
atrophic gastritis, metaplasia and dysplasia
.
According to this classification, 55% (166) of the samples
were of the intestinal subtype, and the other 45% (136)
of the diffuse subtype. Based on the stages defined
[33]
by the AJCC (TNM) , 77% (232) of the samples had
the worst prognosis (T3 and T4), 95% (286) involved
lymph nodes (N1, N2, N3), and 53% (161) had distant
metastasis (M1).
+
The H. pylori bacterium was detected (H. pylori ) in
87% (n = 264) of the tumor tissue samples, and tumors
of the intestinal type were more likely to be infected with
H. pylori (92%) than those of the diffuse subtype (82%)
(P = 0.016, OR = 2.327, CI: 1.15-4.70). There was no
significant relationship between HP infection and the
tumor stage, however, nor with the presence of EBV or
HPV.
+
The cagA gene (H. pylori-cagA ) was amplified
+
in 77% (204) of the H. pylori samples. The relative
+
frequency of the H. pylori-cagA samples did not differ
from that of the H. pylori-cagA samples by sex, age,
subtype or tumor stage. However, while EBV was present
+
in 26% (53) of the H. pylori-cagA samples, only 9% (9)
of the H. pylori-cagA samples were EBV positive (P =
0.001, OR = 3.471, CI: 1.63-7.37). No association was
+
found between cagA and HPV.
Only 20% of the tumors tested were positive for EBV
+
infection (EBV ), and the incidence of the virus did not
vary by gender, age, subtype, tumor stage, lymph node
invasion or the presence of HPV. There was a significant
+
association between EBV and distant metastasis,
however, with 68% (42) of the metastasized tumors
+
being EBV (P = 0.011, OR = 2.135, CI: 1.18-3.85).
+
Only 3% (8) of samples were positive for HPV (HPV ).
+
All cases of HPV were recorded in young (< 55 years
old) patients (P = 0.000, OR = 16.354, CI: 0.87-0.97),
and the majority (63%) were female (P > 0.05). The
analysis identified two types of high-risk HPV, 16 (50%)
and 18 (50%), but with no expression of the E6 and
E7 oncoproteins. No significant association was found
+
between HPV and sex, lymph node invasion or distant
metastasis. A significant relationship was found, however,
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with the tumor stage, with the virus being significantly
more frequent in less aggressive tumors and 62% of the
+
HPV samples being classified as T1 and T2 (P = 0.008,
OR = 5.872, CI: 1.37-25.22).
Interestingly, only two GC samples had all three
+
+
+
pathogens (H. pylori , EBV and HPV ), although there
was obviously no significant association in this case.
+
The majority (89%; 55) of the EBV cases and all of the
+
HPV cases were coinfected with H. pylori. In addition,
96% (53) of the tumors coinfected with H. pylori and
+
+
EBV (EBV H. pylori-cagA ) were H. pylori-cagA A
strains and thus had a six-fold greater chance of having
a more aggressive tumor stage (P = 0.010, OR = 6.111,
CI: 0.04-0.73, power of the test > 0.90), as 83% (44)
+
of EBV H. pylori-cagA tumors were T3 and T4.
The regions of the stomach infected and the relation
ship with the pathogen and strain are shown in Table 2.
While fewer tumors affected the body region, the fundus
of the stomach was least affected by the infections,
+
including negative associations with the H. pylori-cagA
strain (P = 0.00032) and EBV (P = 0.00010, with
Bonferroni correction in both cases).

DISCUSSION
Many types of cancer are known to be related to
[1,44]
infections by microorganisms
, which may play a role
in either the onset of the growth of the cancer cells or
their maintenance. While much of the gastrointestinal
tract represents a favorable environment for microbial
life, this is not the case with the stomach, where any
microorganism would need to tolerate extremely acidic
conditions, antimicrobial compounds, enzymes, and
[13]
structural barriers . Thus, to colonize the stomach, any
pathogen must adapt to an extremely hostile and highly
variable environment.
Despite these difficulties, some pathogens are able to
establish themselves in the stomach, and their presence
has been associated conclusively with the development
of GC. H. pylori, for example, produces urease to make
the gastric environment more basic, facilitating its
[14,45]
survival
. However, evidence on the involvement of
other agents, such as HPV, in the development of gastric
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[6,23,24,30]

[19]

tumors is still inconclusive
. As in most studies of
[16,46-49]
GC
, the present study recorded a predominance of
GC cases in male patients over 55 years of age.

Cárdenas-Mondragó et al
found that EBV act as a
cofactor in triggering gastric inflammation together with
[60]
H. pylori in gastric diseases, and Saju et al
recently
discovered that host cell SHP1 phosphatase antagonizes
the H. pylori-cagA virulence factor. However, coinfection
with EBV results in methylation of the SHP1 promoter,
keeping cagA phosphorylated and thereby allowing
the mediation of oncogenic signaling. This evidence
indicates that the development and progression of GC
in some of the patients analyzed may be influenced by
an association between the oncogenic characteristics
of EBV and the cytotoxic product of the H. pylori cagA
gene.
These interactions suggest that the EBV H. pylori+
cagA coinfection favors tissue malignancy, and the
+
higher rate of EBV H. pylori-cagA coinfection observed in
patients with more aggressive tumors further reinforces
the role of this interaction in the development and/or
progression of gastric adenocarcinoma in the patients
analyzed.

H. pylori

The high prevalence of H. pylori in GC tumors has been
[50-54]
reported widely, both in Brazil and around the world
.
[15,47,55]
The scenario in Pará is typical
, with the prevalence
of H. pylori in tumor samples being up to nine times
[16]
higher than that recorded in healthy tissue samples .
In the present study, H. pylori was present in a high
percentage of tumor samples, with 87% (263) of the
patients being affected by the bacterium.
While the exact mechanism through which H. pylori
may induce gastric carcinogenesis has not yet been fully
elucidated, it is known that the inflammatory process
caused by this bacterium, coupled with genetic and
epigenetic events in the host, is capable of inducing
a cascade of morphological events, including both
premalignant and malignant transformations (intestinal
[8,42]
or diffuse GC)
. In our study, the presence of the
bacterium was more frequent in tumors classified as
the intestinal subtype, an association that has also been
confirmed in other studies conducted in locations with
[16,52,56]
high GC incidence rates
.
The cagA gene was recorded in 78% (204) of the 263
+
H. pylori samples investigated in this study, a frequency
similar to that recorded in other studies in Pará State.
[15]
Vinagre et al recorded a rate of 73% and found that
cagA was associated with a more intense inflammatory
response and higher levels of DNA damage in epithelial
[16]
cells. Souza et al recorded an even higher rate (88%)
+
and found that H. pylori-cagA was associated with
both lymph node metastasis and distant metastasis. In
[57]
+
Portugal, Nogueira et al found that 64% of H. pylori
+
samples had cagA , which was more closely related to
the progression of gastric adenocarcinoma in comparison
with samples infected with H. pylori-cagA strains. This
gene has thus been associated with a higher risk of
GC development and worse prognosis in a number of
+
studies. In our study, however, while H. pylori-cagA was
more frequent in more advanced stages (T3 and T4)
and in patients with distant metastasis, there was no
significant difference (P > 0.05) in comparison with the
samples that lacked the cagA oncogene.
The cagA gene was also significantly associated with
the presence of coinfection with EBV (EBV H. pylori+
+
cagA ) and was present in 85% (53) of the EBV tumors,
[16]
a frequency close to that recorded by Souza et al , who
recorded coinfection in 100% of EBV samples. Minoura
[58]
et al concluded that the presence of H. pylori supports
the reactivation of the virus from its latent state in
[59]
gastric epithelial cells, while Saiki et al proposed that
the inflammatory stress generated by this bacterium
may attract a greater infiltration of lymphocytes
carrying EBV, which increases the possibility of epithelial
cells coming into contact with these lymphocytes and
thus being infected. EBV may also support H. pylori.
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EBV

This virus is typically found in approximately 10% of
[9,16,61,62]
GC cases
, although in the present study, EBV
was present in 20% (62) of the samples, a frequency
similar to that found in studies in the United States and
[9,63,64]
Germany (16%-26%)
. Lower frequencies have
[65-67]
been found in other countries
, however, indicating
that the prevalence of EBV may vary widely among
geographic regions.
[57]
[61]
[63]
Nogueira et al , Lopes et al , and Shibata et al
found that EBV was significantly more prevalent in males
and that it was associated (but not significantly) with age,
although no association was found with tumor subtype.
In our study, even though the virus was more prevalent
in men, older (> 55 years) patients and patients with
the intestinal type of tumor (Table 1), these relationships
were not significant (P > 0.05).
It is known that the protein encoded by the EBV
BARF1 gene increases the proliferation of virus-infected
cancer cells by increasing the expression of NF-κB and
reducing p21, thereby facilitating the development of
[68]
the process . Specifically, monocytes are recruited
by vascular endothelial growth factor (VEGF), and
tumor associated macrophages (TAM) is induced by
granulocyte-macrophage colony-stimulating factor (GM[69]
CSF) in an NF-κB-dependent manner .
Expression of the EBV oncogenic proteins LMP1,
LMP2A, and LMP2B has also been shown to have a
role in the increased capacity of the cancer to spread
and migrate. In other types of tumor, the LMP1 protein
activates the ERK-MAPK pathway and is capable of
inducing motility and increasing the migration rate of
epithelial cells in comparison with LMP1-negative cells, as
[70]
shown by Dawson et al . LMP2A also increases motility
[71]
by targeting EGFR , which would account for the lymph
[72,73]
node metastasis found in other studies
and the
increased probability of distant metastasis found in the
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present study.

and the stomach body was the least-affected region.
By contrast, previous studies in the same geographic
[56,83]
location
found that the stomach fundus was the area
least affected by gastric adenocarcinoma. There was no
significant difference in infection (H. pylori, EBV, HPV)
and the presence of antigens (cagA) between cardia and
noncardia regions. However, other studies have found
a negative association between HP infection and GC in
[84,85]
the cardia
. Even so, the presence of H. pylori strains
that carry the pathogenic island cagPAI may contribute
[8,10,14,84]
to an increase in the risk of distal GC
. In previous
studies, the most commonly colonized portion of the
[16,52]
stomach was non-cardia region, like the antrum
,
which is consistent with our findings (Table 2).
The gastric fundus has one of the lowest rates of
infection, and there were negative associations with H.
pylori (P = 0.012, OR = 0.395, CI: 0.188-0.831), H.
pylori-cagA (P = 0.000, OR = 0.361, CI: 0.201-0.648),
and EBV (P = 0.000, OR = 0.053, CI: 0.007-0.388). The
body was also associated with relatively few infections,
and the lower rates of infection may be related to the
fact that these two stomach regions (fundus and body)
have a more acidic pH in comparison with the rest
[86]
of the stomach , which protects them against the
establishment of infectious microorganisms. Interestingly,
EBV was more frequent in tumors of the cardia, in
contrast with a study by The Cancer Genome Atlas
[8]
(TCGA) , which showed that most EBV-positive tumors
were present in the gastric fundus or body. HPV was not
associated with any specific gastric region.
Overall, then, our findings lead us to believe that
only H. pylori and EBV contribute actively to the
transformation of tissue associated with carcinogenesis.
In this case, the systematic application of prophylactic
and therapeutic measures against H. pylori and EBV
may help prevent the development of GC and more
aggressive tumors.

HPV

There is no consensus in the literature on the potential
association between HPV and GC, and in our study,
only 3% of the gastric tumor samples analyzed were
[74]
infected with HPV. Fakhraei et al
recorded a similar
frequency, 5%, in samples of gastric adenocarcinoma in
patients from northern Iran. Much higher frequencies,
ranging from 37.5% to 52%, have been found in other
[6,23,29,75]
studies
, however. Even so, no HPV was found in
[24,30,76]
the GC samples in some studies
. This disparity
between studies may be related in part to the variation in
the viral detection methods used (ISH, PCR), as well as
the methods of collecting and preserving the samples, in
addition to the geographic location of the research.
When the viral DNA of HPV 16 and 18 integrates with
the host cell genome, the E2 viral gene product is altered.
This product has a regulatory role in the transcription
of the viral E6 and E7 oncoproteins, which generate
genomic instability, resulting in cellular abnormalities and
the abolition of cell cycle checkpoints, thereby increasing
the risk of accumulated genetic abnormalities. In addition
to the lack of an adequate immune response, these
abnormalities represent a favorable condition for the
[77]
development of cancer . In our study, two types of highrisk HPV, 16 and 18, were found in the tumors analyzed,
although no E6 and E7 expression was observed. As
these proteins are usually expressed at the beginning of
the infection and reflect the persistence of the virus in
[77]
the host organism , this may be an indication that the
presence of the virus in the patients’ stomachs was only
temporary. These observations, together with previous
findings, indicate that the presence of HPV probably had
no involvement in the initiation or progression of GC in
the patients analyzed in this study.
+
One important detail from our study is that all HPV
tumors were found in younger patients (< 55 years).
[78]
Studies of low-grade intraepithelial lesions (LSIL) ,
[79]
[80]
cervical cancer , and anal cancer have also found a
tendency for HPV to occur in younger patients (30-40
years of age), probably indicating a more active sex
life, which may increase the chance of exposure to HPV
infection.
Furthermore, based on the TNM classification, HPV
was found more frequently in less aggressive tumors,
+
with 63% of the HPV samples being classified as T1
[81]
or T2, similar to the findings of Anwar et al and Zeng
[6]
et al . However, this finding may just be a consequence
of the occurrence of less aggressive tumors in younger
patients (P = 0.000, OR = 0.113, CI: 0.062-0.206).
There was also no significant association with the
presence of lymph node involvement, distal metastasis,
or the anatomical location of the tumor, as in previous
[23,29,82]
studies
.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Gastric cancer (GC) is the world’s fourth leading cause of cancer deaths, and
microbial infections have been shown to contribute to gastric tumorigenesis.

Research motivation

Gastric physiology and immunology are known to be altered by Helicobacter
pylori (H. pylori) and Epstein-Barr virus (EBV), although there is still doubt about
the association of GC with some pathogens, such as human papillomavirus
(HPV).

Research objectives

The present study aimed to elucidate the possible relationship of these
microorganisms with the clinical-pathological characteristics of patients with GC
in the North region of Brazil.

Research methods

A total of 302 gastric adenocarcinomas were collected between 2005 and 2015.
Patient samples were categorized according to the TNM classification system
and by histology. Molecular techniques were used for pathogen investigations,
as they are more sensitive.

Location of the tumor

Most tumors (65%) were present in noncardia regions,
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Research results

15

All three pathogens were found in the samples; however, active HPV infection
was not identified. Coinfections of H. pylori-cagA+ and EBV were correlated with
tumors at the most advanced stages.

Research conclusions

16

HPV was not involved in gastric tumorigenesis. On the other hand, H. pylori
and EBV seem to be directly related to the development and severity of tumors,
especially when coinfections exist.

Research perspectives

Prophylactic and therapeutic measures against H. pylori and EBV may prevent
the development of GC, especially the more aggressive forms.

17
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sclerosing cholangitis (PSC) are significantly predisposed
towards primary liver disease recurrence (rPSC). History
of acute cellular rejection of the liver graft, overlapping
features of autoimmune hepatitis (autoimmune hepatitis
/PSC) and certain human leukocyte antigen (HLA)DQ and HLA-DR alleles in both donors and recipients
may also have an impact on rPSC development. These
data based on analysis of well-defined cohort with
long median follow-up suggest that thorough routine
endoscopic, radiological and immunological examination
(both pre- and post-transplant) is crucial for identifying
high-risk patients.

Abstract
AIM
To evaluate risk factors for primary sclerosing cholan
gitis (PSC) recurrence (rPSC) after orthotopic liver trans
plantation (OLT) in patients with well-preserved colons.
METHODS
We retrospectively evaluated the medical records of all
patients transplanted for PSC in our center between
July 1994 and May 2015 and selected 47 with followup of at least 60 mo for further analysis based on strict
inclusion and exclusion criteria. rPSC was confirmed
by magnetic resonance or endoscopic retrograde
cholangiopancreatography and liver biopsy. All patients
were evaluated by protocolary pre-OLT colonoscopy
with randomized mucosal biopsies. Colonoscopy was
repeated annually after OLT. Both organ donors and
recipients were human leukocyte antigen (HLA) typed
by serological and/or DNA methods. All input data
were thoroughly analyzed employing relevant statistical
methods.

Bajer L, Slavcev A, Macinga P, Sticova E, Brezina J, Roder M,
Janousek R, Trunecka P, Spicak J, Drastich P. Risk of recurrence
of primary sclerosing cholangitis after liver transplantation is
associated with de novo inflammatory bowel disease. World J
Gastroenterol 2018; 24(43): 4939-4949 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i43/4939.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i43.4939

INTRODUCTION
Primary sclerosing cholangitis (PSC), a chronic liver
disorder of unknown etiology, is characterized by
inflammation, fibrosis, and stenosis of both extra- and/or
[1,2]
intrahepatic bile ducts . The disease may progress to
[3]
cirrhosis and eventually to liver failure and death . For
those who develop end-stage liver disease, orthotopic
liver transplantation (OLT) remains the only effective
[4]
treatment available .
PSC is accompanied by concomitant inflammatory
[5]
bowel disease (IBD) in up to 80% of patients . IBD in
patients with PSC has been proposed to be a phenotype
distinct from ulcerative colitis (UC) and Crohn’s disease
[6,7]
(CD) and is often referred to as “PSC-IBD” . PSCIBD is usually characterized by a mild course, but often
deteriorates after OLT despite long-term immunosup
[8]
pressive treatment .
When compared with other indications for OLT, PSC
has satisfactory post-transplantation graft and patient
[9-11]
survival, reaching nearly 80% at 5 years after OLT
.
However, a recurrent form of PSC (rPSC) appears in a
[12]
significant proportion of patients after OLT
and may
eventually lead to graft loss and liver retransplantation
[13]
(re-OLT) . The pathogenesis of rPSC is most likely
multifactorial, combining both pre- and post-OLT factors
with genetic predisposition, and is probably linked with
[14]
that of the primary disease .
rPSC was first described as a unique clinical entity by
[15]
Lerut et al in 1988. As several other clinical conditions
may lead to biliary stricturing post-OLT, thus mimicking
[16]
rPSC, Graziadei et al
proposed a series of diagnostic
criteria in 1999.
Risk factors for rPSC have been described pre
[14]
[12,17]
viously , and include recipient sex
, recipient-

RESULTS
Altogether, 31 men and 16 women with a median
(range) age of 36 (15-68) years at the time of OLT and
a median follow-up of 122 (60-249) mo were included.
rPSC was confirmed in 21/47 (44.7%) of patients, a
median 63 (12-180) mo after transplantation. De novo
colitis [rPSC in 11/12, P ≤ 0.05, hazard ratio (HR): 4.02,
95% confidence interval (CI): 1.58-10.98] and history
of acute cellular rejection (rPSC in 14/25, P ≤ 0.05;
HR: 2.66, 95%CI: 1.03-7.86) showed strong positive
associations with rPSC. According to the univariate
analysis, overlapping features of autoimmune hepatitis
(rPSC in 5/5, P ≤ 0.05) and HLA-DRB1*07 in the donor
(rPSC in 10/15, P ≤ 0.05) represent other potential risk
factors for rPSC, while the HLA-DRB1*04 (rPSC in 0/6,
P ≤ 0.05), HLA-DQB1*03 (rPSC in 1/11, P ≤ 0.05),
and HLA-DQB1*07 (rPSC in 0/7, P ≤ 0.05) recipient
alleles may have protective roles.
CONCLUSION

De novo colitis and acute cellular rejection are clinical

conditions significantly predisposed towards recurrence
of PSC after liver transplantation.
Key words: Primary sclerosing cholangitis; Inflammatory
bowel disease; Liver transplantation; Acute cellular
rejection; Autoimmune hepatitis; Human leukocyte
antigen; Immunosuppression
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrates that patients with
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Patients transplanted for PSC
in period (year-year)
n = 121
Inclusion criteria applied:
Follow-up ≥ 5 yr
Eligible patients
n = 81

Exclusion criteria applied:
Colectomy pre-OLT or after OLT (n = 10)
ABO incompatibility (n = 1)
AH stenosis/trombosis (n = 5)
Biliary anastomosis stricture (n = 3)
CMV hepatitis at time of rPSC diagnosis (n = 1)
Ductopenic rejection (n = 2)
Lack of clinical data (n = 12)

Included for analysis
n = 47

Figure 1 Study design, exclusion criteria, and the study cohort. OLT: orthotopic liver transplantation; CMV: Cytomegalovirus.
[18]

[17]

[19]

donor sex mismatch , donor
and recipient
age,
[20]
recipient cytomegalovirus (CMV) infection , a related
[20,21]
living-donor graft
, single and/or multiple episodes
[17,19,22]
of acute cellular rejection (ACR)
, corticoresistant
[22,23]
[24]
ACR
, use of muromonab-CD3 (OKT3) , history of
[25]
cholangiocarcinoma pre-OLT , presence of the human
leukocyte antigen (HLA)-DRB1*08 gene (particularly in
[22]
the absence of DQB1*04) in either donor or recipient ,
[19]
absence of the HLA-DR52 antigen in the donor , UC
treatment with corticosteroid continuing for more than
[26]
3 mo after OLT , and level of liver dysfunction at time
[17,27]
of OLT
. However, the strength of this evidence is
not clear, as the previous findings, made mainly from
retrospective studies, are inconsistent or even con
tradictory.
Although the conclusions of previous investigations
into the role of IBD in rPSC are inconsistent, a link
between the two clinical entities seems probable primarily
because of a significant reduction of rPSC in patients
[12,26,28,29]
without IBD (or with colectomy pre-OLT)
. The
[26,27]
presence
or activity of IBD before or after OLT may
[17,30,31]
influence graft survival
. However, not all studies
[22,32]
have found a relationship between IBD and rPSC
.
The aim of this study was to assess the risk of rPSC after
OLT in a carefully selected cohort of patients with wellpreserved colons (no history of colorectal surgery).

printed medical records were both evaluated. PSC was
diagnosed by pre-OLT cholangiographic examination,
then confirmed, and in two cases established, after
histological evaluation of liver explants. The stage of
liver disease at the time of OLT was determined by the
unrevised MELD score (used prior to January 2016). The
following data were evaluated in all patients: Sex, age
at time of OLT, MELD score, graft configuration, type of
anastomosis, cold ischemia time, donor age, presence of
donor liver steatosis, donor and recipient AB0 type, donor
and recipient CMV status, primary immunosuppressive
protocol after OLT, signs of overlap with autoimmune
hepatitis (PSC/AIH), presence of cholangiocarcinoma,
donor and recipient HLA-DRB1* and -DQB1* types, IBD
status, history of pre- or post-OLT colectomy and interim
follow-up records after OLT (presence/treatment regimen
of ACR, type of primary immunosuppression, dose and
duration of corticosteroid administration).

Study design, eligibility criteria

Of 121 patients transplanted for PSC, 47 were included
and evaluated (Figure 1). In accordance with the Mayo
[16]
Clinic Criteria for Diagnosis of rPSC , the primary
exclusion criteria were presence of hepatic artery throm
bosis and/or stenosis, AB0 incompatibility, ductopenic
rejection, and presence of biliary strictures within 3 mo
after OLT. We excluded one patient with active CMV
hepatitis at the time of rPSC diagnosis, patients with a
history of anastomotic stricture(s), and patients who
had had colon surgery before or within 60 mo after OLT.
Twelve patients had insufficient post-OLT data, as their
follow-up had been managed at another center. Only
patients with complete medical records including annual
colonoscopy, regular blood tests, and liver biopsies
following the standard protocol were eligible.

MATERIALS AND METHODS
In this retrospective study, we analyzed the records of all
patients who had received OLT for PSC at the Institute
for Clinical and Experimental Medicine, Prague, between
July 1994 and May 2015. The most common indication
for OLT was recurrent episodes of acute cholangitis
and/or liver dysfunction. An electronic database and
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Table 1 Demographic characteristics, transplant population, and study cohort n (%)
Patients transplanted for PSC (n = 121)
Sex, recipients; male/female
Median age, recipient, yr (range)
Median age, donor, yr (range)
Median follow-up, mos (range)
MELD score at time of OLT, median (range)
Overlap syndrome AIH/PSC pre-OLT
Graft configuration: whole/reduced
Cholangiocarcinoma in liver explant
Cold ischemia median time, min (range)
Type of anastomosis: End-to-end/Roux-en-Y
Tacrolimus-based primary immunosuppressive regimen
Cyclosporine-based primary immunosuppressive regimen
IBD pre-OLT
UC
CD
Indeterminate colitis
Mild course of IBD pre-OLT
Active course of IBD pre-OLT
Colectomy pre-OLT
Liver retransplantation, total
Liver retransplantation, for rPSC

88/33 (72.7/27.3)
36 (12-64)
34 (2-66)
87 (0-249)
15 (6-34)
20 (16.5)
116/5 (95.9/4.1)
8 (6.6)
300 (125-637)
31/90 (25.6/74.4)
92 (76.0)
29 (24.0)
76 (62.8)
75 (98.7)
1 (1.3)
0 (0)
62 (81.6)
14 (18.4)
4 (3.3)
15 (12.4)
8 (6.6)

Study cohort (n = 47)
31/16 (66/34)
36 (12-60)
37 (10-61)
116 (60-249)
15 (8-32)
5 (10.6)
47/0 (100/0)
0 (0)
319 (175-637)
7/40 (14.9/85.1)
32 (68.1)
15 (31.9)
29 (61.7)
29 (100)
0 (0)
0 (0)
29 (100)
0 (0)
7 (14.9)
6 (12.8)

PSC: Primary sclerosing cholangitis; OLT: Orthotopic liver transplantation; AIH: Autoimmune hepatitis; IBD: Inflammatory bowel disease; UC: Ulcerative
colitis; CD: Crohn´s disease; rPSC: Recurrent PSC.

Establishing a diagnosis of rPSC

HLA classⅠ antigens was performed by complementdependent cytotoxicity assay using local or commercial
HLA typing trays, following standard procedures (BAG
Health Care GmbH, Lich, Germany). DNA typing of HLA
classⅠ and class Ⅱ antigens was performed using PCRSSP or PCR-SSOP typing trays (Olerup SSP, Stockholm,
Sweden; One Lambda Inc, Canoga Park, United States).

The diagnosis of rPSC was based on Mayo Clinic criteria,
[16]
as proposed by Graziadei et al . These include (1)
confirmed diagnosis of PSC before OLT; (2) intra- and/or
extrahepatic biliary strictures, beading, and irregularities
occurring on cholangiograms > 90 d after OLT; and (3)
fibrous cholangitis and/or fibro-obliterative lesions with
or without ductopenia, and biliary fibrosis or cirrhosis on
liver biopsy. Liver graft biopsies were acquired according
to protocol after 1, 2, 3, 5, 7, 10, and 15 years (or as
clinically indicated) post-OLT. Liver biopsy specimens
were evaluated independently by two experienced
pathologists and assessed according to the histological
[16]
scoring system proposed by Graziadei et al . After reOLT, rPSC was histologically confirmed in explanted liver
grafts. Patients with a Mayo Clinic score of at least 1
(marginal) for rPSC in liver biopsy and those with clinical
suspicion (e.g., elevated liver enzymes) were examined
cholangiographically to confirm/refute the diagnosis.
All cholangiograms were reviewed by an experienced
radiologist (RJ) who was blinded to the clinical and
histological diagnoses.

Statistical analysis

All data were recorded and sorted using Microsoft Excel
and analyzed using JMP® software (version 10.0.0).
Kaplan-Meier analysis was used to estimate graft and
patient survival. Student’s t-test or the Mann-Whitney U
test (depending on the nature of the data) was used for
comparison of continuous variables, which were reported
as median (range). Discrete variables were compared
using Fisher’s exact test (two-tailed) and expressed as
number (n) and percentage (%). Multivariate analysis
was performed using the Cox proportional hazards
regression model. A P-value ≤ 0.05 was considered as
statistically significant. The recurrence (endpoint) time
distribution following OLT was estimated by the KaplanMeier method, and the respective groups were compared
using the log-rank test.

Endoscopic surveillance

All patients were evaluated by pancolonoscopy with
randomized mucosal biopsies following the pre-OLT
examination protocol. In patients included in the study
cohort, colonoscopy was performed annually after
OLT. IBD severity was assessed by the Mayo Scoring
[33]
system .

RESULTS
Of the 1139 first liver transplants performed between
July 1994 and May 2015, 121 (10.6%) were transplanted
for PSC or PSC/AIH (Table 1). All patients received either
a whole (n = 116) or reduced (n = 5) liver graft. No
patient received a split graft or a graft from a living donor.
Cholangiocarcinoma was detected in eight liver
explants. No other type of malignant tumor, including

Human leucocyte antigen (HLA) typing

Patients and their organ donors were HLA typed by
serological and/or DNA methods. Serological typing of
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Figure 2 Kaplan-Meier plots of patient (A) and graft (B) survival in the total population, and graft survival in the study cohort (C).

hepatocellular carcinoma, was found. The primary
immunosuppressive protocol was based solely on
calcineurin inhibitors. Cyclosporine was routinely used
as the primary immunosuppressant until November
2004, when the protocol was universally changed to use
tacrolimus. All recipients underwent colonoscopy within
12 mo before OLT. Three patients with UC underwent
colectomy, one each for adenocarcinoma, a refractory
course of colitis, and toxic megacolon. One patient with
CD had a colectomy because of severe bleeding after
complicated multiple polypectomy.

were men and 16 were women; their median age was
36 (12-60) years at the time of OLT, and median followup was 122 (60-249) mo. rPSC was diagnosed in 21
patients (44.7%) during a median of 63 (12-212) mo of
follow-up after OLT. Twelve of these patients were men
and nine were women, with a median age of 35 (12-68)
years at time of OLT (Table 2).
In total, 29 patients (61.7%) were diagnosed with
IBD prior to OLT. They all had quiescent pancolitis (Mayo
0-1) with long-term aminosalicylate treatment and
ursodeoxycholic acid (8-20 mg/kg/d) used as potential
chemopreventive agent against colorectal neoplasia.
Eight of these 29 patients (27.6%) were diagnosed with
rPSC after 60 (24-212) mo of follow-up after OLT [P =
0.825; odds ratio (OR): 0.76, 95% confidence interval
(CI): 0.12-5.01].
De novo colitis was diagnosed in 12 patients (25.5%)
a median of 45 (17-87) mo after OLT. This patient
subgroup had a high prevalence of rPSC, confirmed in 11
of the 12 (91.7%) individuals a median of 72 (12-180)
mo after OLT. Only two patients were diagnosed with
rPSC prior to diagnosis of IBD. Univariate analysis
identified de novo IBD as a highly significant risk factor
for rPSC (P = 0.011; OR: 22, 95%CI: 1.54-314.31)
and, in line with that, recurrence-free survival was
substantially (P ≤ 0.001) higher in patients with pre-OLT
IBD (median 212 mo, 95%CI: 118-212) compared with
de novo IBD patients (median 72 mo, 95%CI: 36-95)
(Figure 3). Two of six patients with no evidence of IBD
before or after OLT had rPSC (P = 0.678). All patients
with de novo IBD were initially treated with mesalazine
complementary to their immunosuppressive treatment.

Survival outcome

In the total patient population, 1-, 5-, 10-, and 15-year
survival was 95.0%, 94.2%, 91.4%, and 84.6%,
respectively (Figure 2A). Overall survival in the final
study cohort is not shown because no patient died during
follow-up. Graft survival in the total population was
91.0% at 1 year, 87.6% at 5, 79.5% at 10, and 72.8%
at 15 years (Figure 2B). Of the 15 patients in the total
population with re-OLT, eight (53.3%) were indicated
because of rPSC. Other indications for re-OLT were
primary graft dysfunction, hepatic artery thrombosis
and post-hemorrhagic shock. Graft survival in the study
cohort was 98.2% at 1 year, 96.2% at 5, 86.2% at 10,
and 86.2% at 15 years (Figure 2C). Six of seven patients
(85.7%) in the study cohort experienced re-OLT for rPSC,
and one (13.3%) had re-OLT for graft failure caused by
hepatic artery thrombosis.

Univariate analysis of risk factors for rPSC

Of the 47 recipients included in the study cohort, 31
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Table 2 Univariate analysis of risk factors for recurrent primary sclerosing cholangitis n (%)
Total (n = 47)

rPSC (n = 21)

De novo IBD post-OLT,
12 (25.5)
11 (91.7)
IBD pre-OLT
29 (61.7)
8 (27.6)
No colitis (pre-OLT or post-OLT)
6 (12.8)
2 (33.3)
Median age, recipient, yr (range)
36 (12-60)
35 (12-60)
Median age, donor, yr (range)
37 (11-61)
37 (11-60)
Male; female, recipient
31; 16 (66.0; 34.0) 12; 9 (38.7; 56.3)
Male; female, donor
24; 23 (51.1; 48.9) 13; 8 (54.2; 34.8)
Sex mismatch
23 (48.9)
11 (47.8)
MELD score at time of OLT (range)
15 (6-32)
15 (8-30)
History of ACR
25 (53.2)
14 (56.0)
Multiple episodes of ACR
12 (25.5)
7 (58.3)
Corticoresistant ACR
6 (12.8)
3 (50.0)
ACR treated with OKT3
4 (8.5)
3 (75.0)
ACR treated with ATG
2 (4.3)
0 (0)
CMV IgG positivity, recipient
27 (57.5)
12 (44.4)
CMV IgG positivity, donor
36 (76.6)
18 (50.0)
Corticosteroid administration ≥ 3 mo post-OLT
43 (91.5)
18 (41.9)
Corticosteroid administration ≥ 6 mo post-OLT
41 (87.2)
17 (41.5)
Corticosteroid administration ≥ 3 mo post-OLT with dose ≥ 10 mg prednisone
28 (59.6)
14 (50.0)
Corticosteroid administration ≥ 6 mo post-OLT with dose ≥ 10 mg prednisone
13 (27.7)
5 (68.5)
Overlap with AIH pre-OLT
5 (10.6)
5 (100)
Type of anastomosis: End-to-end; Roux-en-Y
7; 40 (14.9; 85.1) 4; 17 (57.1; 42.5)
Liver steatosis, donor
11 (23.4)
6 (54.6)
Cold ischemia median time, min (range)
320 (175-637)
315 (206-618)

No rPSC (n = 26)

P value

1 (8.3)
21 (72.4)
4 (66.7)
38 (20-60)
40.5 (13-61)
19; 7 (61.3; 43.8)
11; 15 (45.8; 65.2)
12 (52.2)
15 (6-32)
11 (44.0)
5 (41.7)
3 (50.0)
1 (25.0)
2 (100)
15 (55.6)
18 (50.0)
25 (58.1)
24 (58.5)
14 (50.0)
8 (61.5)
0 (0)
3; 23 (42.9; 57.5)
5 (45.5)
324 (175-637)

0.011
0.825
0.678
0.337
0.245
0.355
0.244
0.773
0.773
0.114
0.326
0.665
0.615
0.163
1.000
0.300
0.311
0.386
0.551
0.747
0.013
0.684
0.505
0.627

rPSC: Recurrent primary sclerosing cholangitis; OLT: Orthotopic liver transplantation; ATG: (Rabbit) antithymocyte globulin; AIH: Autoimmune hepatitis;
IBD: Inflammatory bowel disease; ACR: Acute cellular rejection; CMV: Cytomegalovirus.

None of our patients received biologics after OLT.
All five patients with PSC/AIH confirmed in the liver
explant or with evidence pre-OLT had rPSC (P < 0.05),
which occurred a median of 72 (61-118) mo after OLT.
We did not find a difference in time to rPSC between
patients using cyclosporine and those using tacrolimus as
primary immunosuppressant (P = 0.320; Figure 4).
HLA-DRB1* typing results were available for 46
recipients and 40 donors (Table 3). HLA-DQB1* was
typed post hoc (for the purpose of this study) from
frozen blood samples, which allowed retrieval of the HLADQB1* profile of 35 donors and 41 recipients (Table
3). The presence of a donor HLA-DRB1*07 allele was
positively associated with rPSC in 10/15 (66.6%) cases (P
= 0.050; OR: 4.25, 95%CI: 1.09-16.61).
None of the six recipients with HLA-DRB1*04
developed rPSC (P = 0.029). Probably because of linkage
disequilibrium with the HLA-DRB1*04 allele, the presence
of the HLA-DQB1*03 allele in recipients was protective,
as only one of 12 patients with this variant had rPSC (P =
0.030; OR: 0.1, 95%CI: 0.01-0.88). These results were
duplicated in the HLA-DQB1*07 subgroup: no recipient
with this allele (n = 7) had rPSC (P = 0.031). Similarly,
no recipient with HLA-DQB1*08 had rPSC. However,
this variant did not reach statistical significance (P =
0.140) because of the small number of cases (n = 4).
Other HLA-DR or -DQ variants, as well as the number of
donor and recipient DR and DQ mismatches, were not
associated with rPSC.

rence time confirmed that de novo colitis after OLT is
strongly associated with rPSC (P = 0.014), with a HR
of 4.02 (95%CI: 1.58-10.98). The model also revealed
the occurrence of rPSC to be positively correlated
with history of ACR (P = 0.044; HR: 2.66, 95%CI:
1.03-7.86).

DISCUSSION
In this single-center study of carefully selected patients
with long-term follow-up, we confirmed that IBD has an
impact on rPSC. To our knowledge, this study is the first
to demonstrate that patients with de novo IBD are at
significantly higher risk of rPSC than those with IBD preOLT. Furthermore, the study confirms the association
between ACR and rPSC.
The study represents the longest reported median
(122 mo) and maximum (249 mo) follow-up after OLT
for PSC.
Study limitations include its retrospective design, but
the reliability of the outcome data was increased by care
in choosing and adhering to the eligibility criteria, which
included evaluation by magnetic resonance or endoscopic
retrograde cholangiopancreatography (MRCP/ERCP),
biopsy, and annual colonoscopy in all participants. The
most obvious limitation of the study is its small sample
size, which was a result of meticulous selection of study
subjects based on thorough inclusion criteria: only
patients with well-preserved colons, proper colonoscopic
evaluation before OLT, and follow-up of more than 60 mo
were included in the analysis. This approach allowed us
to specifically study the influence of IBD on rPSC onset.

Risk factors for rPSC-multivariate analysis

Cox proportional hazards regression model for recur
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transplanted for PSC (84.6%) and in the analyzed cohort
(86.2%) did not differ significantly. However, six out of
seven retransplants in our study cohort were performed
for rPSC, which supports the previous observation
[13]
that rPSC is associated with high risk of graft failure .
Furthermore, de novo IBD was recognized by Kochhar et
[34]
al as an important risk factor for re-OLT.
In this study, rPSC was diagnosed in the vast majority
(91.7%) of patients with de novo colitis. Strikingly,
recurrence-free survival was substantially (P ≤ 0.001)
lower in patients with de novo IBD compared with those
with colitis confirmed pre-OLT. In the study published by
[27]
Ravikumar et al the frequency of rPSC associated with
de novo colitis was 25%, which is less than in our study
but almost double the rPSC rate in the entire study group
(25% vs 14.3%). Therefore, the ratio of rPSC in the de
novo colitis group to rPSC in the entire study group was
similar to the ratio in our study (91.7% vs 44.7%).
According to current knowledge on the subject,
approximately 14%-30% of patients with PSC may
develop de novo IBD during the 10-year period after
[35]
OLT . This is consistent with our study: De novo colitis
was diagnosed in 25.5% of patients after a median of
45 (17-87) mo post-OLT. Apart from in two patients, de
novo colitis was diagnosed prior to rPSC, which might
be interpreted as study error because evaluations for
rPSC and de novo IBD were performed at different times
during follow-up. The etiopathogenesis of rPSC is not
well understood, but it can be assumed (and presented
data support this) that the gut-liver axis plays a crucial
role. Pathogenesis of de novo IBD also remains poorly
[34]
understood. However, Kochhar et al
suggested that
OLT may reset the “immune thermostat” and trigger
the development of bowel disease. Many other factors,
including alteration of gut microbiota, gut infections (such
as CMV), or use of immunosuppressant agents, may also
[36,37]
be involved
. High incidence of de novo colitis and its
tight association with rPSC suggest that regular (maybe
even annual) routine colonoscopy after OLT for PSC
should be performed in patients with no history of IBD.
The risk of liver graft failure after OLT might be
associated with not only the presence but also the
[30]
activity of IBD . However, available data on the role of
[29,38]
IBD activity are not consistent
. As all patients in our
study group experienced quiescent pancolitis before OLT,
we were not able to determine whether IBD activity had
an impact on increased risk of rPSC.
The role of preventive colectomy has been discussed
before, as it may significantly reduce the risk of both
[26,38]
colon cancer and rPSC
. This was further supported by
[29]
the recent Nordic multicenter study by Lindstrom et al ,
which identified proctocolectomy as a protective factor
against rPSC even in the multivariate analysis. However,
the association did not appear as strong in the study
[17]
by Hildebrand et al , in which 13.3% of colectomy
patients and 19.2% of patients without colectomy had
rPSC. Our total population included only three patients
who underwent colectomy prior to OLT. As the number
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Figure 3 Kaplan-Meier plots of recurrent primary sclerosing cholangitis-free
survival in patients with pre-orthotopic liver transplantation inflammatory
bowel disease (blue line) and de novo inflammatory bowel disease (red
line).
100

Survival (%)

80
60
40
20
0

0

24

48

72

96

120 144 168 192

216

t /mo

Figure 4 Distribution of time to recurrent primary sclerosing cholangitis
in patients with cyclosporine immunosuppression (red line) vs tacrolimus
immunosuppression (blue line).

In all other aspects, our patient cohort and diagnostics
of rPSC were comparable to other published studies.
Our study had a single-center design, yet the center is
a tertiary care institution that includes more than half of
all the transplanted PSC patients in the Czech Republic.
This allows the results to be generalized to the broad
population, where PSC represents the third leading cause
of OLT, accounting for almost 11% of all transplanted
patients.
The rate of rPSC occurrence in our study was 44.7%,
which is higher than that observed elsewhere; for
[27]
example, the large study by Ravikumar et al reported
only 14.3%. The diagnosis of rPSC in this study was
careful, based on MRCP/ERCP and a standard liver
biopsy protocol together with clinical signs. That such
an approach led to more cases of rPSC being diagnosed
suggests that the prevalence of rPSC might be highly
underestimated. This is supported by the results of a
recent Nordic multicenter study that reported a higher
frequency of rPSC in the center that had an established
[29]
protocol for routine MRCP assessment . The relatively
long follow-up in our cohort is another plausible
explanation for the observed rPSC rate.
Long-term (15-years) graft survival in all patients
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Table 3 Human leukocyte antigen-DRB1* and human leukocyte antigen-DQB1* alleles in donors and recipients, association with
recurrent primary sclerosing cholangitis n (%)

HLA-DRB1*
1
3
4
5
6
7
8
9
10
11
12
13
14
15
16
HLA-DQB1*
2
3
7
8
9
4
5
6

Donor

rPSC

P value

Recipient

rPSC

P value

5
7
9
1
2
15
2
1

2 (40.0)
2 (28.6)
4 (44.4)
1 (100)
2 (100)
10 (66.7)
1 (50.0)
0 (0)

1.000
0.427
1.000
0.450
0.196
0.050
1.000
1.000

9
23
6

3 (33.3)
11 (47.8)
0 (0)

0.711
0.767
0.029

2

0 (0)

0.498

10
2
8
4
8
1

4 (40.0)
2 (100)
2 (25.0)
0 (0)
3 (37.5)
1 (100)

1.000
0.196
0.258
0.114
0.709
0.450

1
1
5
1
10
1
15
3

1 (100)
1 (100)
1 (20.0)
1 (100)
5 (50.0)
1 (100)
5 (33.3)
2 (66.7)

0.435
0.435
0.369
0.435
0.726
0.435
0.365
0.572

17
20
15
7
2
2
9
13

9 (53.0)
8 (40.0)
6 (40.0)
5 (71.4)
1 (50.0)
1 (50.0)
4 (44.4)
4 (30.8)

0.740
0.740
0.500
0.229
1.000
1.000
1.000
0.164

25
11
7
4
1

10 (40.0)
1 (9.1)
0 (0)
0 (0)
1 (100)

1.000
0.030
0.031
0.140
0.395

10
21

5 (50.0)
9 (42.9)

0.481
0.760

rPSC: Recurrent primary sclerosing cholangitis.

[40]

a single autoimmune disease . However, there were
too few PSC/AIH patients in our cohort to draw any firm
conclusions.
Assuming that genetic predisposition might be
involved in rPSC (and PSC) pathogenesis, we performed
HLA-DRB1* and HLA-DQB1* patient and donor typing
and included the results in the univariate analysis. The
presence of a donor HLA-DRB1*07 allele was associated
with elevated risk of rPSC. Interestingly, no recipient with
the HLA-DRB1*04 allele developed rPSC. Our analysis
suggests that the HLA-DQB1*03 allele might also have
a protective effect; however, the separate influence
of the DRB1*04 and DQB1*03 alleles will have to be
determined in future studies. The protective role that
the DQB1*08 allele is believed to play remains to be
confirmed because of the relatively small number of
DQB1*08-positive individuals in our cohort. The presence
of HLA-DRB1*08 was associated with increased risk of
[22]
rPSC by Alexander et al , suggesting an immunological
mechanism for rPSC, but we could not support that
observation. Even though we did not eventually include
HLA variants in the multivariate analysis because of our
low sample size, these results suggest that routine HLA
assessment in OLT is of use.
In summary, all previous studies in the field of rPSC
have had a retrospective design and rather inconsistent
results, which include the uncertain role of immuno
suppressive therapy. Several studies suggested an
association of tacrolimus with both rPSC and de novo
[29,30,37]
IBD
; however, the effect of immunosuppression

was too low to yield any meaningful results, we did
not include these patients in the study, preferring to
maintain the homogeneity of the study cohort by adding
a history of colorectal surgery to the exclusion criteria.
Nevertheless, given current knowledge on the topic,
proctocolectomy should be considered when evaluating
patients with rPSC and concomitant active colitis for reOLT.
Association between ACR and rPSC has previously
[8,19,28]
been described in several studies
. Multivariate
analysis in our cohort identified history of ACR (regardless
of number of episodes) as a significant risk factor for
rPSC. Neither steroid-resistant ACR nor history of multiple
ACR episodes were associated with rPSC. The patho
genetic link between ACR and rPSC remains unresolved.
It has been proposed that long-lived memory T-cells may
be recruited from the gut due to onset of alloreactive
[39]
response or that administration of aggressive immuno
suppression during rejection treatment might accelerate
[38]
reactivity against unknown antigens . Given that
pathogenesis of rPSC is likely to have similar mechanisms
to the primary disease, it is not yet possible to give a
credible interpretation to the value of this relationship
between ACR and rPSC.
Interestingly, all five patients with overlapping features
of AIH developed rPSC and this association was statistically
significant in the univariate analysis. This observation
is consistent with a previous study that confirmed an
increased probability of disease recurrence in PSC patients
with overlapping features of AIH when compared with

WJG|www.wjgnet.com

4946

November 21, 2018|Volume 24|Issue 43|

Bajer L et al . De novo IBD impacts PSC recurrence after liver transplantation
with several previous studies, we also demonstrated that patients with
history of acute cellular rejection after OLT are also at increased risk of rPSC
development, similarly as patients with overlapping features of autoimmune
hepatitis pre-OLT. Moreover, several human leukocyte antigen (HLA)-DR and
HLA-DQ alleles appeared to be promising markers in assessing the risk of
rPSC. To confirm these findings, performing of large-scale prospective study
would be highly warranted.

on rPSC is hard to interpret. The cyclosporine-based
immunosuppressive protocol used at our institute was
changed to a tacrolimus-based regimen during the
follow-up period, but patients who were benefiting from
cyclosporine were kept on that drug. We did not find a
difference in PSC recurrence time distribution between
cyclosporine-based and tacrolimus-based immuno
suppression (P = 0.320). Furthermore, we were unable
to assess the influence of ursodeoxycholic acid as it was
given to all patients with PSC, in accordance with our
center’s policy.
In conclusion, de novo IBD and history of ACR
significantly increase the risk of PSC recurrence after liver
transplantation. This association is so close that careful
monitoring of patients at risk is critical. Systematic
prospective studies are needed to evaluate the role of
de novo colitis and the influence of different types of
therapy, including biologics, on rPSC rate and risk of graft
failure. Proper HLA matching of donors and recipients
might be another tool to help avoid development of
rPSC, at least in high-risk patients. As rPSC seems likely
to be highly underdiagnosed, establishing algorithms for
protocolary use of MRCP is justified.

Research conclusions

Despite the fact, that previous studies described association of IBD and rPSC,
this is the first study demonstrating that patients with de novo colitis are at
significantly higher risk of rPSC as compared to patients with IBD diagnosed
pre-OLT. The work also demonstrates that those who experienced ACR after
OLT should be under careful surveillance for signs of rPSC. Moreover, presence
of several HLA-DR and HLA-DQ alleles in both donors and recipients had a
clear tendency to increase or decrease the risk of PSC. Therefore, routine HLA
assessment could lead to more careful donor selection or at least to stratifying
the patients for the risk of rPSC development. Routine MRCP should be
considered in all those transplanted for PSC as rPSC seems to be highly underdiagnosed. High incidence of de novo colitis raises a question regarding more
frequent endoscopic evaluation of patients with no previous history of IBD.

Research perspectives

Presented study brings special attention to poorly defined clinical entity of de
novo colitis after liver transplantation and its tight relation to PSC recurrence
in the liver graft. Future basic and clinical research should define pathogenetic
link between both entities and provide diagnostic algorithms and treatment
protocols for both these important clinical conditions.
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Recurrence of primary sclerosing cholangitis (rPSC) is the most common cause
of liver graft failure in patients after liver transplantation (OLT) for PSC. Many
previous studies aimed to identify risk factors associated with rPSC. However,
results of these studies were often incoherent or even contradictory. This singlecenter study describes potential risk factors for rPSC in thoroughly selected
cohort of patients with longest median and maximum follow-up presented up-todate.
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Core tip: Although cancer-related stroke has long been
known, its biomarkers and underling pathogenesis are
still unclear. It was hypothesized that a specific cancer
type may affect the development of ischemic stroke (IS)
according to its primary site, pathological type, and
growth stage. It is reported that colorectal cancer can
increase the risk of IS. We conducted a retrospective
study on colorectal cancer-related IS (CRCIS) patients.
We suggest that hypercoagulability induced by elevated
carcinoembryonic antigen and increased neutrophil
count are the main pathogenic factors in CRCIS, and
the CRCIS Index, which serves as a biomarker of
CRCIS, needs further study.

Abstract
AIM
To investigate the specific biomarkers and potential
pathogenesis of colorectal cancer-related ischemic
stroke (CRCIS).
METHODS
A retrospective study was conducted on CRCIS patients
(colorectal cancer patients with ischemic stroke without
conventional stroke risk factors) registered at seven
centers between January 2007 and December 2017.
Clinical data and laboratory and imaging findings were
compared with age- and sex- matched patients with
colorectal cancer (CRC) without ischemic stroke that
were admitted to the same hospital during the same
period. Univariate and multivariate analyses were
performed to analyze the independent risk factors for
CRCIS. A receiver operator characteristic curve was
configured to calculate the optimal cut-off value of the
products of the independent risk factors for CRCIS.

Qin QX, Cheng XM, Lu LZ, Wei YF, Wang DC, Li HH, Li GH,
Liang HB, Li SY, Chen L, Liang ZJ. Biomarkers and potential
pathogenesis of colorectal cancer-related ischemic stroke. World
J Gastroenterol 2018; 24(43): 4950-4958 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i43/4950.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i43.4950

INTRODUCTION
Cancer and ischemic stroke (IS) are major causes of
morbidity and mortality. In addition, cerebrovascular
disease is a common complication in cancer patients,
with 15% of patients experiencing thromboembolic
[1]
events during their clinical course . Moreover, up
to 40% of cancer patients with IS lack conventional
stroke risk factors, indicating that cancer itself may
[2,3]
directly or indirectly lead to the development of IS .
Previous studies have suggested that cancer-related
IS is characterized by elevated plasma D-dimer levels
and multiple lesions in multiple arterial territories on
[4-6]
diffusion-weighted magnetic resonance imaging .
Although cancer is associated with IS through tumor
compression, invasion of the blood vessels and left
[7-9]
atrium, or nonbacterial thrombotic endocarditis
,
hypercoagulability is considered to be the most important
[10,11]
pathogenic factor of cancer-related IS
. Furthermore,
elevated levels of plasma D-dimer, high-sensitivity
C-reactive protein, fibrinogen, and pro-brain natriuretic
peptide are thought to be potential biomarkers of
[12,13]
cancer-related IS
. However, despite accumulating
knowledge, the specific biomarkers and definitive patho
genesis of cancer-related IS have remained unclear. Most
previous studies have been conducted on several types
of cancer. The different characteristics of cancer, including
primary growth zone, pathological type, and growth
[14]
stage, may affect IS in different ways . We speculated
that studies targeting patients with a specific cancer may
be more conducive to illuminate the specific biomarkers
and pathogenesis of cancer-related IS.
Colorectal cancer (CRC) is the third most common
cancer among men and the second most common

RESULTS
A total of 114 CRCIS patients and 114 CRC patients
were included. Multiple lesions in multiple vascular ter
ritories were common in CRCIS patients (71, 62.28%).
The levels of plasma D-dimer, carcinoembryonic
antigen (CEA), cancer antigen 125, and neutrophil
count were significantly higher in CRCIS patients than
in CRC patients. Multiple logistic regression analysis
revealed that plasma D-dimer levels [odds ratio (OR) =
1.002, 95% confidence interval (CI): 1.001-1.003, P <
0.001], CEA levels (OR = 1.011, 95%CI: 1.006-1.015,
P < 0.001), and neutrophil count levels (OR = 1.626,
95%CI: 1.268-2.087, P < 0.001) were independent
risk factors for CRCIS. In addition, receiver operator
characteristic curve revealed that the area under curve
for the products of plasma D-dimer, CEA, and neutrophil
count was 0.889 ± 0.022 (95%CI: 0.847-0.932, P <
0.001), and the optimal cut-off value for the product
was 252.06, which was called the CRCIS Index, with a
sensitivity of 86.0% and specificity of 79.8%.
CONCLUSION
Hypercoagulability induced by elevated CEA and
neutrophils may be an important cause of CRCIS. The
CRCIS index, which serves as a biomarker of CRCIS,
needs further study.
Key words: Colorectal cancer; Ischemic stroke;
Biomarker; Pathogenesis
© The Author(s) 2018. Published by Baishideng Publishing
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CRC patients registered at 7 centers (n = 16915) between January 2007 and December 2017
(With histological evidence and diagnosed by oncologist expert)

Excluded (n = 16502)
Patients without acute ischemic stroke
Colorectal cancer patients with acute ischemic stroke (n = 413)
-Patients with conventional stroke risk factors
- Primary or metastatic brain cancer
-Other primary cancer or hematological cancer
- Not an active colorectal cancer
- Incomplete clinical data

Excluded (n = 299)

Colorectal cancer related-ischemic stroke
patients
(CRCIS group: n = 114)

Active colorectal cancer patients alone
(CRC group: n = 114)
(Age- and sex-matched with colorectal cancer
related ischemic stroke)

Figure 1 Patient selection. CRC: Colorectal cancer.
[15]

among women globally . The incidence of CRC has
shown a steady upward trend in China over the past
decade, from 12.8 per 100000 in 2003 to 16.8 per
100000 in 2011, and the incidence will reach 20.7 per
[16]
100000 in 2020 . Notably, previous studies have re
[17,18]
ported that CRC is associated with IS
. The risk of IS
increased 1.61 times during the first 6 mo after diagnosis
[19]
of CRC compared to that in the general population ,
indicating that CRC itself could lead to IS, or so-called
CRC-related IS (CRCIS). In the present study, we aimed
to investigate the specific biomarkers and potential
pathogenesis of CRCIS by comparing the clinical data of
CRCIS patients with age- and sex-matched CRC patients,
and calculating the CRCIS Index from its independent
risk factors.

or hematological malignancies were excluded because
these patients were considered to represent a subgroup
with different underlying stroke mechanisms. Patients
with cerebral hemorrhage or other cerebrovascular
disease and those with incomplete clinical data were also
excluded. The control group was age- and sex- matched
patients with CRC but without IS who were admitted to
the same hospital during the same period. The exclusion
criteria included the presence of conventional stroke risk
factors, brain metastasis, and other primary cancers
(Figure 1).
Previous studies found that cancer-related IS was
[10,11]
associated with elevated plasma D-dimer
. However,
whether it was associated with CRCIS is not clearly
defined. Therefore, we hypothesized that D-dimer may
also be associated with the occurrence of CRCIS. It was
reported that the positive rate of D-dimer in CRC was
15% to 31%. In our 1:1 matched case-control study, for
sample size estimation, we assumed the positive rate of
D-dimer in CRC patients was 20%, and the risk of CRCIS
was 3.5. Results showed that it needed 97 pairs when α
= 0.05 and β = 0.2 (two-tailed).

MATERIALS AND METHODS
Patient selection

This study was approved by the Guangxi Medical
University Review Board. Patients with acute IS with
the additional diagnosis of active CRC but without
conventional stroke risk factors were recruited from
seven centers in Guangxi Province between January
2007 and December 2017. Referring to the definition of
[20]
active cancer in the study of Lee and his colleagues ,
active CRC was defined as a diagnosis of CRC within 6
mo before enrollment, any treatment for CRC within
the previous 6 mo, or recurrent or metastatic CRC.
The diagnosis of acute IS was based on the American
[21]
Heart Association diagnostic criteria for stroke . It was
difficult to identify CRCIS in clinical practice. Referring
[2,3,5]
to the definition of cancer-related stroke
, CRCIS in
the present study was defined as patients with acute
IS and active CRC without conventional stroke risk
factors. Patients with primary or metastatic brain cancer

WJG|www.wjgnet.com

Clinical data collection

Clinical data of all patients, including age, gender, stroke
risk factors, pathological type of cancer, metastasis,
treatment methods, IS etiology, IS lesion patterns,
severity of focal neurological deficits, and time interval
from diagnosis of CRC to the occurrence of IS were
collected consistently. In addition, laboratory findings
including routine blood tests, blood biochemistry,
coagulation function, and levels of plasma D-dimer
and tumor markers such as carcinoembryonic antigen
(CEA), cancer antigen (CA)125, and CA199 were
collected. Findings of imaging examinations such as
echocardiography, transcranial Doppler ultrasound,
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Table 1 Clinical characteristics of the patients
Characteristic
Age
Gender
Male, n (%)
Female, n (%)
Blood tests
WBC (109/L)
HGB (g/L)
PLT (109/L)
NC (109/L)
PT (s)
INR
APTT (s)
FIB (g/L)
D-dimer (μg/mL)
CRP (mg/L)
CEA (U/mL)
CA125 (U/mL)
CA199 (U/mL)
Type of CRC
Adenocarcinoma
Nonadenocarcinoma
Systemic metastasis, n (%)
Yes
No
Methods of therapy, n (%)
Surgery
Chemotherapy
No treatment

CRCIS (n = 114)

CRC (n = 114)

P value

65.33 ± 12.45

63.67 ± 9.18

0.748a

78 (68.42)
36 (31.58)

78 (68.42)
36 (31.58)

1.000b

7.18 ± 1.97
122.57 ± 85.55
235.51 ± 82.35
4.16 ± 1.49
10.82 ± 0.98
0.92 ± 0.08
30.11 ± 6.20
5.32 ± 4.74
0.56 ± 0.47
28.79 ± 34.38
88.48 ± 55.04
22.70 ± 34.61
24.83 ± 34.212

0.058a
0.360a
0.613a
< 0.001a
0.474a
0.137a
0.496a
0.862a
< 0.001a
0.431a
< 0.001a
< 0.001a
0.066a

107
7

110
4

0.235b

74 (64.9)
40 (35.1)

61 (53.5)
53 (46.5)

76 (66.7)
46 (40.4)
28 (24.6)

87 (76.3)
33 (28.9)
24 (21.2)

7.71 ± 2.27
114.96 ± 23.09
242.28 ± 116.46
5.65 ± 2.28
10.94 ± 1.40
0.95 ± 0.13
29.52 ± 6.79
5.42 ± 4.42
1.40 ± 0.93
33.54 ± 35.50
222.31 ± 175.85
47.13 ± 54.32
293.41 ± 1428.18

0.080b

0.107b
0.070b
0.528b

a

With two independent samples t-test; bWith chi-square test. CRCIS: Colorectal cancer related-ischemic stroke; CRC: Colorectal cancer; WBC: White
blood cell; HGB: Hemoglobin; PLT: Platelet; NC: Neutrophil count; PT: Prothrombin time; INR: International normalized ratio; APTT: Activated partial
thromboplastin time; FIB: Fibrinogen; CRP: C-reactive protein; CEA: Carcinoembryonic antigen; CA: Cancer antigen.

cranial computed tomography, computed tomography
angiography, magnetic resonance imaging, and magnetic
resonance angiography were also collected. The severity
of focal neurological deficits were assessed by the
National Institutes of Health Stroke Scale (NIHSS).

RESULTS
A total of 114 CRCIS patients (78 male, 36 female, mean
age = 65.33 ± 12.45 years) were included, accounting
for 0.67% of 16915 CRC patients. There were 114
age- and sex-matched CRC patients that served as the
control group. The most common pathological type of
CRC in both groups was adenocarcinoma. There were
no significant differences in cancer systemic metastasis
and oncological treatment including surgery and
chemoradiotherapy, and no treatment in CRCIS patients
compared with CRC patients (Table 1).
After diagnosis of CRC, 60 (52.63%), 19 (16.67%),
and 13 (11.40%) patients experienced acute IS in the
first 6 mo, 6 mo to 1 year, and > 1 year, respectively. In
addition, 22 (19.30%) patients presented with IS as the
initial manifestation of occult CRC, which was confirmed
as CRC during anti-stroke therapy. Multiple lesions in
multiple arterial territories in the brain on diffusionweighted magnetic resonance imaging were observed in
71 (62.28%) CRCIS patients. NIHSS score ranged from
0 to 21 on the day of IS onset (Table 2 and Figure 2).
In terms of laboratory findings, there was no signifi
cant difference in most items between the two groups.
However, the levels of plasma D-dimer, neutrophil
count (NC), CEA, and CA125 were significantly higher
in the CRCIS patients compared to the CRC patients (P

Statistical analysis

Statistical analysis was performed using SPSS version
20.0 software. An independent sample t test was used
to compare continuous variables between groups, while
2
Pearson’s χ or Fisher’s exact test was used to compare
categorical variables. Multivariate logistic regression
analysis was performed to identify the independent risk
factors of IS in CRC patients. Variables with P < 0.05
in univariate analyses were considered explanatory
variables and were entered to multivariate models. To
explore the specific biomarkers of CRCIS, the CRCIS
Index was calculated as follows: First, we calculated the
products of the independent risk factors for IS in the
two groups; second, the cut-off value of the products of
independent risk factors for IS that were used to identify
IS in CRC patients was calculated by a receiver operator
characteristic (ROC) curve; finally, the optimum cut-off
value of the products was determined and called the
CRCIS Index. All P-values were two-sided, and P < 0.05
was considered statistically significant.
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Figure 2 Typical presentation of ischemic stroke in a colorectal cancer patient without conventional stroke mechanism. A 47-year-old male patient
experienced acute ischemic stroke in the first 3 mo after diagnosis of colorectal cancer. Diffusion-weighted magnetic resonance imaging showed high signal changes
in the middle cerebral and anterior cerebral and anterior choroidal arteries. Echocardiography results were normal.

The optimum diagnostic cut-off value for the products
calculated from the ROC was 252.06, which was called
the CRCIS Index, with a sensitivity of 84.3% and spe
cificity of 80.9% (Figure 3).

Table 2 Data of ischemic stroke onset, n (%)
Characteristic
IS lesion pattern
Single arterial lesion
Multiple arterial lesions
NIHSS scores at the day of IS onset
0-5
6-15
16-20
> 20
Time interval between CRC diagnosis and IS onset
IS as the first manifestation of CRC
IS onset after CRC diagnosis
0-6 mo
7-12 mo
> 12 mo

No. of patients
(n =114)
43 (37.72)
71 (62.28)

DISCUSSION
IS is a common complication in patients with cancer,
[22,23]
and it has received increasing attention
. Previous
studies showed that the incidence of IS was 1.6 times
higher in cancer patients than in patients without cancer,
[19]
especially during the first 6 mo after cancer diagnosis .
In the present study, the incidence of IS in hospitalized
CRC patients was 0.67%, and most of them (52.63%)
developed IS within the first 6 mo after diagnosis of
CRC. It is suggested that as soon as CRC diagnosis
is established, measures should be taken to prevent
IS. In addition, IS as an initial manifestation of occult
[17,24]
cancer has been reported in previous studies
. In the
present study, there were 22 (19.3%) patients who were
hospitalized for acute IS and then diagnosis of CRC was
confirmed, indicating that measures should be taken to
screen out occult cancer, including CRC, in patients with
unexplained IS.
Previous studies have suggested that certain cli
nical, laboratory, and radiological features could help
to distinguish cancer-related IS from stroke of other
[3,25]
etiology
. Many studies have demonstrated that
cancer-related IS is characterized by markedly elevated
plasma D-dimer levels and multiple lesions in multiple
arterial territories on diffusion-weighted magnetic reso

31 (27.19)
66 (57.90)
13 (11.40)
4 (3.51)
22 (19.30)
60 (52.63)
19 (16.67)
13 (11.40)

IS: Ischemic stroke; NIHSS: National Institutes of Health Stroke Scale;
CRC: Colorectal cancer.

< 0.05). Multiple logistic regression analysis revealed
that the D-dimer levels [odds ratio (OR) = 1.002, 95%
confidence interval (CI): 1.001-1.003, P < 0.001], CEA
levels (OR = 1.011, 95%CI: 1.006-1.015, P < 0.001)
and NC levels (OR = 1.626, 95%CI: 1.268-2.087, P <
0.001) were independent risk factors of CRCIS (Table 3).
The ROC curves for identifying CRCIS from the
products of D-dimer, CEA, and NC were shown in Figure
1. The mean ± standard error of the area under curve for
the product was 0.889 ± 0.022 (95%CI: 0.847-0.932,
P < 0.001), indicating good overall accuracy of the test.
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Table 3 Multivariate logistic regression analysis
Factors
D-dimer
NC
CEA
CA125
Constant

β

SE

Wals (β)

Df

P value

OR

95%CI

0.002
0.486
0.011
0.007
-5.843

0.001
0.127
0.002
0.004
0.866

26.660
14.617
20.104
2.595
45.484

1
1
1
1
1

< 0.001
< 0.001
< 0.001
0.107
< 0.001

1.002
1.626
1.011
1.007
0.003

1.001-1.003
1.268-2.087
1.006-1.015
0.998-1.016

NC: Neutrophil count; CEA: Carcinoembryonic antigen; CA125: Cancer antigen 125; SE: Standard error; OR: Odds ratio; CI: Confidence interval.

study, plasma D-dimer level was significantly higher in
CRCIS patients, indicating that hypercoagulability is an
important factor in the pathogenesis of CRCIS.
Although hypercoagulability may be associated with
cancer-related IS, its underlying mechanism remains
unclear. Interestingly, recent studies have suggested
that mucins generated from mucinous cancer are asso
ciated with hypercoagulability and increase the risk of
[28-30]
[28]
IS
. A study by Jovin et al
reported four patients
with metastatic cancer, brain infarcts, and markedly
elevated mucinous serum marker CA125 levels, and
suggested a possible association between this protein
and stroke. Moreover, the relationship between mucins
and hypercoagulability were further confirmed by ne
cropsy evidences from mucinous cancer patients with
widespread intracranial arteriovenous thrombosis and
multiple cerebral infarctions, in which the mucin within
vessels and in microthrombus in the regions of infarction
[29]
were found by microscopic examination . Furthermore,
animal experiments demonstrated that mucins secreted
by cancer cells could trigger the reciprocal activation
of platelets and neutrophils and led to the formation of
[30]
thrombus in the blood . These findings indicated that
mucins associated hypercoagulability played an important
role in cancer-related IS. In the present study, CRCIS
patients had higher CEA and CA125, and elevated CEA
was an independent risk factor for IS. CEA, a general
oncofetal antigen, is also a mucinous marker similar to
[31]
CA125 . Therefore, we speculated that CEA, a mucinous
substance generated from CRC cells may also lead to
hypercoagulability by triggering the reciprocal activation of
platelets and neutrophils.
Additionally, neutrophil extracellular traps (NETs)
generated from neutrophils were also found to be
associated with hypercoagulability and thrombosis
[32,33]
diseases (including IS) in patients with cancer
. In
solid tumor models, it was found that cancer can induce
an increase of peripheral blood neutrophils. Increased
neutrophils may release NETs in the vascular, which
may promote hypercoagulability by stimulating platelet
[34]
activation . Therefore, NETs generated from neutrophils
were considered to be a novel coagulation-promoting
[35,36]
mechanism in cancer patients
. In the present study,
NC was significantly increased in CRCIS patients, and
multivariate logistic regression analysis revealed that
the increased NC may independently increase the risk of
IS. Therefore, the increase in neutrophils may also lead

ROC curve

1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 3 Receiver operator characteristic curve analysis of the product of
D-dimer, carcinoembryonic antigen, and neutrophil count. The area under
the curve of the products was 0.889 ± 0.022 (95%CI: 0.847-0.932, P < 0.001).
The optimum cut-off point was 252.06. At this cut-off value, the sensitivity was
86.0% and the specificity was 79.8%. CI: Confidence interval; ROC: Receiver
operator characteristic.
[4-6]

nance imaging . In the present study, CRCIS patients
had similar features to general cancer-related IS such as
elevated plasma D-dimer levels and multiple lesions in
multiple cerebral arterial territories, as well as distinctive
features including elevated plasma CEA and increased
NC, which may be useful clues to identify CRCIS.
The unveiling of underlying pathogenesis of cancerrelated IS is an important issue because pathogenesis
may influence the choice of management, stroke prog
nosis, and risk of recurrence. In some previous studies,
cancer was found to be associated with IS through
tumor compression, invasion of the blood vessels and
[7-9]
left atrium, and nonbacterial thrombotic endocarditis .
However, increasing studies have suggested that cancerrelated IS were characterized by elevated plasma
[4-6]
D-dimer levels . Recently, Wang and his colleagues
found that the plasma D-dimer value of 2.785 μg/mL
[26]
was the cutoff in identifying cancer-related IS patients .
Moreover, the frequency of microembolic signals in the
internal carotid arteries on transcranial Doppler images
correlated linearly with D-dimer levels in patients with
IS and cancer, which indicated that elevated D-dimer
levels are an independent predictor for the detection of
[11]
embolic signals . Moreover, the D-dimer level is a direct
measure of activated coagulation and has been used as a
[27]
biomarker of hypercoagulability . The elevated D-dimer
level suggests that hypercoagulability plays a major role
in the pathogenesis of cancer-related IS. In the present
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biomarkers of CRCIS patients, which combined with clinical manifestation may
be helpful to distinguish patients with other stroke etiology and other types of
cancer-related stroke. Understanding the specific mechanisms in stroke of CRC
patients is crucial to its therapeutic strategy.

to hypercoagulability by releasing NETs to stimulate the
activation of platelets and thus increase the risk of IS in
CRC patients.
In the present study, multivariate logistic regression
analysis revealed that elevated plasma D-dimer and
CEA and increased NC were independent risk factors
for CRCIS, indicating that these parameters could be
used as potential biomarkers for CRCIS. However, as
a common coagulation marker, plasma D-dimer lack
specificity and sensitivity. Elevated levels of CEA are also
found in other cancers and increased NC is common
in systemic inflammation. Therefore, elevated plasma
D-dimer and CEA and increased NC were not specific
biomarkers for CRCIS. Considering that development
of CRCIS may be caused by the combined effects of
elevated plasma D-dimer and CEA levels and increased
NC, we calculated the CRCIS Index. As the area under
the ROC curve of the CRCIS Index was highly accurate,
and the sensitivity and specificity of the CRCIS Index
were high, we suggest that the CRCIS Index could
serve as a potential biomarker. However, due to the
retrospective design of the present study, the other
biomarkers mentioned in previous studies that may be
[12,13]
related to cancer-related IS were not studied
. The
role of the CRCIS Index in CRCIS patients will need to
be confirmed in future studies with larger sample sizes
and more biomarkers. Nevertheless, our study provided
a meaningful method to further the investigation about
the index of CRCIS in future studies.
The strengths of our study were multicenter
enrollment and comparison with CRC patients without IS.
The main limitations of this study included the relatively
small sample size and some uncontrollable settings. Still,
our results could promote additional larger prospective
population studies, which would better illuminate the
biomarkers and pathogenesis of IS in CRC patients.
In summary, our findings suggest that hypercoa
gulability induced by elevated CEA and neutrophils may
be an important cause of CRCIS. The CRCIS index,
which serves as a novel biomarker of CRCIS, needs to be
confirmed in future studies.

Research objectives

The main objective of the retrospective study was to investigate the specific
biomarkers and potential pathogenesis of CRCIS.

Research methods

The clinical data of 114 CRC patients with IS but without conventional stroke
risk factors were retrospectively analyzed and compared with those of CRC
patients without IS. Univariate and multivariate analyses were used to identify
independent risk factors for CRCIS. The products of the independent risk
factors in the two groups were calculated. The receiver operator characteristic
curve was used to determine the area under the curve and the optimal value of
the products.

Research results

Our study found that multiple lesions in multiple vascular territories were
common in CRCIS patients (71, 62.28%). In addition, the level of plasma
D-dimer, neutrophil count, carcinoembryonic antigen (CEA), and cancer antigen
125 were significantly higher in CRCIS patients compared to CRC patients.
D-dimer, neutrophil count, and CEA were found to independently associated
with CRCIS. Considering that the combined effects of D-dimer, neutrophil count,
and CEA may be the major cause of hypercoagulability, the products of each
were calculated. The area under the curve of the product was 0.889 ± 0.022,
optimal cut-off value of the product was 252.06, which was called the CRCIS
Index in the study, with a sensitivity of 86.0% and specificity of 79.8%.

Research conclusions

Neutrophil extracellular traps generated from active neutrophils and CEA
secreted by CRC cells that resulted in hypercoagulability may be the major
cause of CRCIS. The CRCIS index, which serves as a biomarker for CRCIS,
may need to be confirmed by future studies.

Research perspectives

In the future, the detailed mechanism of hypercoagulability in CRCIS patients
may need to further illuminated. The CRCIS index that serves as a useful
biomarker for the identification of CRCIS should be confirmed in larger
prospective population studies.
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Abstract

Muzammil Hasan Najmi, Department of Pharmacology
and Therapeutics, Foundation University Medical College,
Foundation University Islamabad, Islamabad 44000, Pakistan

Globally, over 300 million people are living with viral he
patitis with approximately 1.3 million deaths per year. In
2016, World Health Assembly adopted the Global Health
Sector Strategy on viral hepatitis to eliminate hepatitis
by 2030. Different World Health Organization member
countries are working on hepatitis control strategies to
achieve hepatitis elimination. So far, only 12 countries
are on track to achieve hepatitis elimination targets.
The aim of the study was to give an update about the
progress and challenges to achieving hepatitis elimination
by 2030. According to the latest data, 87% of infants
had received the three doses of hepatitis B virus (HBV)
vaccination in the first year of their life and 46% of infants
had received a timely birth dose of HBV vaccination.
There is a strong need to improve blood and injection
safety. Rates of hepatitis B and C diagnosis are very low
and only 11% of hepatitis B and C cases are diagnosed.
There is a dire need to speed up hepatitis diagnosis
and find the missing millions of people living with viral
hepatitis. Up to 2016, only 3 million hepatitis C cases
have been treated. Pricing of hepatitis C virus drugs is
also reduced in many countries. The major hurdle to ach
ieve hepatitis elimination is lack of finances to support
hepatitis programs. None of the major global donors are
committed to invest in the fight against hepatitis. It will be
very difficult for the low and middle-income countries to
fund their hepatitis control program. Hepatitis elimination
needs strong financial and political commitment, support
from civil societies, and support from pharmaceutical and
medical companies around the globe.
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missing millions; Harm reduction

(1) HBV vaccination; (2) prevention of mother to child
transmission of HBV; (3) injection and blood safety; (4)
harm reduction; and (5) test and treatment of HBV and
[4]
HCV .
rd
In 2015, the global coverage of 3 dose infant HBV
vaccination was 82%, which is close to the target of
[4]
90% HBV vaccine coverage by 2030 . According to
the latest data, 87% of infants had received the three
[8]
doses of HBV vaccination in the first year of their life .
There are many countries in the European Union who
have not included the HBV vaccination into their routine
[9]
immunization schedule . There is a dire need to speed
up HBV vaccination and reach every child for vaccination,
to save the future generations from HBV.
Mother to child transmission of HBV is prevented
by the timely administration of HBV birth dose vaccine
[9]
(within 24 h of birth) . In 2015, only 38% of children
were administered the birth dose of HBV vaccine in a
timely manner and the target is to administer the timely
[4]
HBV vaccine to 90% of children . According to the latest
data, 46% of infants were administered the birth dose of
[8]
HBV vaccine in a timely manner .
Blood and injection safety is very important to ach
ieve the global hepatitis elimination target. In 2015, 39
countries were not routinely screening all blood donations
for transfusion transmitted infections and 89% of do
[4]
nations underwent a quality control check . There is a
strong need to improve injection safety and also reduce
the use of unnecessary injections, especially in the low
and middle-income countries (LMICs).
The prevalence of HBV and HCV are very high in
[4]
People who inject drugs (PWID) . In 2015, only 20 ste
rile syringes were provided to per PWID per year and the
[4]
target is to provide 300 syringes per PWID per year . A
lot of financial effort is needed to reach the 2030 target
of harm reduction.
Only 11% of HBV and HCV cases are diagnosed. The
target in GHSS is to diagnose 90% of HBV and HCV po
[4]
sitive cases by 2030 . Observing the miserable condition
of hepatitis diagnosis, World Hepatitis Alliance has star
ted an initiative named “Find the Missing Millions”, to
find the millions of undiagnosed people living with viral
[10]
hepatitis .
Current hepatitis B and C treatment rates are
very low. According to Global Hepatitis Report 2017,
1.7 million HBV and 1.1 million HCV patients were on
[2]
treatment in the year 2015 . In 2016, 1.76 million
additional HCV patients received treatment and the cumu
lative 2015-2016 HCV treatment number reached 3
[6]
million . To eliminate hepatitis, the goal is to treat 80%
[4]
of HBV and HCV patients by 2030 . Highly effective HCV
drugs are available in the market. The price of HCV drugs
has been reduced in over 100 countries, but drug pricing
is still a problem in many developed countries. There is
a strong need to find a highly effective treatment for he
patitis B virus.

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

Core tip: Viral hepatitis is one of the leading causes of
deaths worldwide. World Health Organization has pro
duced a strategy to eliminate hepatitis by 2030. The
major hurdle to achieve hepatitis elimination is lack of
financial resources. If the targets in Global Health Sector
Strategy are achieved, then the millions of lives will be
saved from liver related premature deaths.
Waheed Y, Siddiq M, Jamil Z, Najmi MH. Hepatitis elimination
by 2030: Progress and challenges. World J Gastroenterol 2018;
24(44): 4959-4961 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i44/4959.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i44.4959

INTRODUCTION
Hepatitis B and C are major causes of liver-related dea
[1]
ths . Globally, 257 million and 71 million people are
living with hepatitis B virus (HBV) and hepatitis C virus
[2]
(HCV), respectively . In the last 15 years, massive
progress has been achieved in the fights against human
immunodeficiency virus, malaria and tuberculosis, mainly
by heavy commitments by the global donor agencies
[3]
while viral hepatitis remains neglected . In 2015, United
Nations included hepatitis in its Sustainable Development
Goals.
In 2016, World Health Assembly has adopted the
Global Health Sector Strategy (GHSS) on viral hepatitis
to eliminate hepatitis by 2030. The goal of the World
Health Organization (WHO) GHSS is to reduce hepatitis
incidence from 6-10 million cases to 0.9 million cases,
and to reduce annual hepatitis deaths from 1.4 million to
[4]
0.5 million, by 2030 .
The WHO is helping different countries to develop
[5]
hepatitis control programs . By November 2017, 84
[6]
countries had developed hepatitis control programs .
Due to lack of international investment in viral hepatitis
programs, only a few countries included hepatitis treat
ment and prevention strategies for all patients in their
[1]
national hepatitis programs . According to Polaris data,
only 12 countries, namely Australia, Iceland, Switzerland,
Italy, Mongolia, Spain, Egypt, France, Georgia, Japan,
Netherlands, and United Kingdom are on track to achieve
[7]
the WHO hepatitis elimination targets .

GLOBAL HEALTH SECTOR STRATEGY
ON VIRAL HEPATITIS: TARGETS AND
PROGRESS
World Health Organization’s GHSS document showed
the five areas, in which efforts are required to eliminate
hepatitis by 2030. These five core intervention areas are
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3

tems in different LMICs. There are many low-income
countries in which a large proportion of births are not
taking place in health care settings. The major obstacle
to eliminate hepatitis by 2030 is lack of financial re
sources. None of the major global donors gave a financial
commitment to eliminate viral hepatitis. There is also
a strong need to provide funds to The Global Alliance
for Vaccines and Immunisation to support the HBV bir
th dose vaccination scheme. Donors are also needed
to develop and support the national hepatitis plans in
[1]
LMICs . Hepatitis elimination needs strong financial and
political commitment, support from civil societies, and
support from pharmaceutical and medical companies
[11]
around the globe .

4
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6

7
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REVIEW

Mononuclear phagocyte system in hepatitis C virus infection
Yu Yang, Zheng-Kun Tu, Xing-Kai Liu, Ping Zhang

Abstract

Yu Yang, Xing-Kai Liu, Ping Zhang, Department of Hepatobiliary
and Pancreatic Surgery, The First Hospital of Jilin University,
Changchun 130021, Jilin Province, China

The mononuclear phagocyte system (MPS), which con
sists of monocytes, dendritic cells (DCs), and macro
phages, plays a vital role in the innate immune defense
against pathogens. Hepatitis C virus (HCV) is efficient in
evading the host immunity, thereby facilitating its devel
opment into chronic infection. Chronic HCV infection
is the leading cause of end-stage liver diseases, liver
cirrhosis, and hepatocellular carcinoma. Acquired im
mune response was regarded as the key factor to era
dicate HCV. However, innate immunity can regulate the
acquired immune response. Innate immunity-derived
cytokines shape the adaptive immunity by regulating
T-cell differentiation, which determines the outcome
of acute HCV infection. Inhibition of HCV-specific T-cell
responses is one of the most important strategies for im
mune system evasion. It is meaningful to illustrate the
role of innate immune response in HCV infection. With
the MPS being the important factor in innate immunity,
therefore, understanding the role of the MPS in HCV
infection will shed light on the pathophysiology of chronic
HCV infection. In this review, we outline the impact of
HCV infection on the MPS and cytokine production. We
discuss how HCV is detected by the MPS and describe
the function and impairment of MPS components in HCV
infection.
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Core tip: Hepatitis C virus (HCV) infection is efficient to
develop into chronic infection. Innate immune system
can shape the acquired immune response, which can
eradicate HCV directly. As the main component of innate
immunity, the mononuclear phagocyte system (MPS)
plays a vital role in HCV infection. In this review, we dis
cuss the interaction between the HCV and MPS. MPS can
detect HCV to promote virus eradication, and HCV can
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leukocytes in humans and are generated in the bone
[14]
marrow and spleen . During inflammation, monocytes
[15-19]
can differentiate into macrophages and DCs
, and
they play important roles in both innate and adaptive
[20-24]
immunity
. Circulating monocytes can traffic through
the sinusoids, and thus, it has been proposed that liverresident monocytes and circulating monocytes should be
[25]
distinguished . However, blood monocytes pass through
the liver numerous times, and therefore, we will consider
circulating monocytes with liver-resident monocytes as
one entity in this review.
Human blood DCs are major histocompatibility com
plex (MHC) class Ⅱ [human leukocyte antigen D-related
(HLA-DR)] positive and can be divided into myeloid DCs
[26]
(mDCs) and plasmacytoid DCs (pDCs) . pDCs are
CD11c negative and are distinguished from mDCs using
[26]
positive markers such as CD123, CD303, and CD304 .
Alternatively, mDCs can be subdivided according to
[26]
CD1c and CD141 expression . Accordingly, DCs exist
+
+
+
+
in CD303 pDCs, CD11c CD1c mDCs, and CD11c
+
CD141 mDCs populations. It is worth mentioning that
[25]
all these subsets are present in the liver , and the
+
CD1c mDC population is the most prevalent liver DC
[27]
subset . Compared to blood DCs, hepatic DCs present
an immature phenotype and have a lower capacity to
[27-29]
stimulate T cells
. Furthermore, hepatic DCs pro
[30,31]
duce more interleukin (IL)-10 and less IL-12p70
,
highlighting the tolerogenic peculiarity of hepatic DCs.
Macrophages are large phagocytic cells with multi
functional roles in development, homeostasis, and dis
[32]
eases . Kupffer cells (KCs) are tissue-resident macro
phages of the liver that have important functions in
[32-34]
both the innate and acquired immune responses
.
However, owing to their stationary state, they are not
[35]
as potent as DCs in stimulating T cells . Additionally,
KCs can also regulate the functions of other hepatic
[36,37]
cells
. As early as the 1990s, the interaction between
KCs with natural killer (NK) cells and liver stellate cells
was identified by electron microscopy, implying that the
functions of NK cells and stellate cells may be shaped
[38]
by KCs . In our lab, we previously identified Toll-like
receptor (TLR)-dependent crosstalk between human KCs
[39]
and NK cells .
HCV infection is notorious for its propensity to
become chronic due to the lack of robust acquired im
mune responses. The immune response against HCV
infection is primarily controlled by the adaptive immune
system; however, a robust acquired immune response
[40]
is determined by the innate immune response . In
other words, proper innate immunity is essential for the
initiation of the acquired immune response. Mounting
evidence confirms that the MPS is crucial for innate
immunity and plays an important role in multiple infec
[41]
[42]
tions, including parasitic infections , tuberculosis ,
[43,44]
human immunodeficiency virus (HIV) infection
, and
[45]
respiratory syncytial virus infection . Therefore, it is
necessary to clarify the interaction between HCV and the
MPS. The immunophenotype of the MPS in normal liver
[25]
has been previously reviewed . However, the impact

shape the MPS to facilitate HCV persistence. We hope
that this review will enable us to better understand HCV
infection.
Yang Y, Tu ZK, Liu XK, Zhang P. Mononuclear phagocyte
system in hepatitis C virus infection. World J Gastroenterol 2018;
24(44): 4962-4973 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i44/4962.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i44.4962

INTRODUCTION
Hepatitis C virus and hepatitis C virus infection

Hepatitis C virus (HCV) is a positive sense single-stranded
[1]
RNA virus that belongs to the family Flaviviridae . HCV
infection affects more than 170 million people worldwide
and is regarded as a leading cause of chronic liver
[2]
disease . The viral genome is approximately 9.6 kb,
encoding a single 3011-amino acid-long polyprotein.
The polyprotein is cleaved into three structural proteins
(core, E1, and E2) and seven non-structural proteins
[3]
(p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) . HCV
is classified into seven genotypes as well as 67 subtypes,
and it shows significant genetic diversity among different
[4]
nations . Even within the same patient, HCV usually
[5]
exists in blood as a group of related quasispecies .
[6]
Acute HCV infections are anicteric and asymptomatic .
Nevertheless, 15%-20% of HCV-infected patients
can recover from an acute infection, whereas the
remaining 80%-85% of patients will progress to chronic
[6-8]
infection . Chronic HCV infection is a leading cause of
end-stage liver diseases, liver failure, and hepatocellular
carcinoma, resulting in approximately 350000 deaths
[9,10]
per year
. HCV infection is usually diagnosed via the
detection of both HCV antibody and HCV RNA. In the
absence of viral RNA, the detection of HCV antibody
[10]
indicates a spontaneously resolved or cured infection .
The combination of subcutaneous pegylated interferon
(peginterferon) alpha and oral ribavirin was once the
standard treatment for chronic HCV infection. However,
this combination results in a sustained virological
[11]
response (SVR) in only approximately 50% of patients .
In 2011, the United States Food and Drug Administration
approved a novel HCV therapy including direct-acting
antiviral drugs and protease inhibitor drugs. These
drugs significantly increased the response rate, thereby
[12,13]
revealing a new era of HCV treatment
.

Mononuclear phagocyte system

The term mononuclear phagocyte system (MPS) was
developed in the late 1960s and early 1970s by van
[14]
Furth . The MPS encompasses monocytes, dendritic
cells (DCs), and macrophages, and altogether they play
vital roles in tissue development, maintenance of homeo
stasis, inflammation, and the innate immune defense
against pathogens.
Monocytes constitute 5%-10% of the peripheral blood
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[57]

of HCV infection on the MPS has not been reviewed
yet. Therefore, in this review, we summarize recent
findings regarding the role of the MPS in HCV infection,
and we focus on the function and impairment of MPS
components following HCV infection.

(TNF)-α, IL-6, IL-12, IL-10, CXCL9, and CXCL10 .
Particularly, the GU-rich sequences induce type I IFN
[57]
from monocytes and pDCs . In contrast, the polyU/UC
sequences of HCV RNA activate IL-1β production from
the nucleotide-binding oligomerization domain-like re
ceptor family pyrin domain containing 3 (NLRP3) inflam
masome of macrophages, resulting in persistent liver
[62,63]
inflammation
.
In addition, HCV proteins can also activate the
MPS. It was identified that HCV core protein (HCVc)
[64]
[58]
and NS3 activate monocytes
and macrophages ,
thereby triggering inflammatory pathways in a TLR2-de
[58]
pendent manner . Additionally, HCVc and NS3 inhibit
[64]
DC differentiation . Furthermore, TLR1 and TLR6, coreceptors of TLR2, are also involved in HCVc and NS3[65]
induced macrophage activation .
Compared to the HCV RNA, HCV viral particles are
[57]
less efficient in stimulating the MPS . Nevertheless,
they can activate macrophages, leading to production of
proinflammatory cytokines like IL-6, IL-1β, and TNF-α
rather than the antiviral cytokines including IL-12 and
[57]
typeⅠ IFN .

DETECTION OF HCV BY THE MPS
Pathogen-associated molecular patterns (PAMPs) on HCV
can be detected by three classes of pattern recognition
receptors (PRRs): RIG I-like receptors (RLRs), TLRs, and
[46]
NOD-like receptors (NLRs) . These PRRs function early
[46]
after infection, thereby restricting HCV replication .
RIG-I, representative of RLRs, can sense HCV
RNA as non-self through the 5′-triphosphate (5′-ppp)
found on the viral RNA in addition to the 3′ poly-U/
[47,48]
UC tract
. Blocking of the signaling pathway of
melanoma differentiation-associated gene 5 (MDA5),
another member of the RLRs, led to enhanced HCV repli
[49]
cation . Both RIG-I and MDA5 utilize the adaptor pro
tein mitochondrial antiviral signaling (MAVS) to initiate
immune signaling, and they recognize different PAMPs,
[50-52]
indicating that they may function complementarily
.
In West Nile virus infection, RIG-I was found to play
an important role in the early immune response after
infection, whereas MDA5 was more important in the later
[53]
period of infection .
Endosomal TLRs are the main sensors that detect
HCV. Among them, TLR3 can sense double-stranded
[54,55]
(ds)RNA
, whereas the GU-rich sequences in HCV
[56,57]
RNA can be recognized by TLR7 and TLR8
. Addi
[58]
tionally, TLR2 is specialized in HCV protein detection .
[54]
Wang et al
previously demonstrated that interferon
(IFN)-stimulated genes (ISGs) are upregulated in primary
human hepatocytes after polyinosinic: polycytidylic
acid (polyI:C) stimulation, owing to the expression of
TLR3. However, the authors observed that HCV infection
weakened the ability of hepatocytes to induce ISG
[54]
expression compared to the polyI:C stimulation ,
indicating that TLR3 signaling may be impaired by HCV.
Consistently, it was previously established that TIRdomain-containing adapter-inducing interferon-β (TRIF),
an adaptor protein of TLR3 signaling, can also be cleaved
[59,60]
by the NS3/4A protease
.
It is worth mentioning that the results described
above were derived from primary human hepatocytes or
hepatocyte cell lines infected by HCV. In vivo, uninfected
hepatocytes were able to sense the adjacent infected
[55]
cells by TLR3 . Extracellular dsRNA was detected by
the uninfected hepatocytes in a macrophage scavenger
[55]
receptor 1 (MSR1)-dependent manner . MSR1 can
bind to the viral dsRNA and transport it to the endosome,
[55]
within which TLR3 is engaged . This mechanism may
be employed by the MPS to trigger an antiviral state in a
TLR3-dependent manner. Furthermore, HCV-infected cells
[61]
can induce the production of typeⅠ IFN from pDCs .
Additionally, HCV RNA activates the MPS populations like
mDCs and pDCs to produce proinflammatory cytokines
and chemokines, including IL-1β, tumor necrosis factor
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IMPACT OF HCV ON THE MPS
HCV and monocytes

Effect of HCV on TLR signaling: TLR signaling is
associated with the outcome of acute HCV infection
[66]
as well as the therapeutic outcome . Accumulating
evidence suggests that HCV infection can influence the
[67-69]
expression of TLRs
. Particularly, the expression levels
of TLR2 and TLR4 are elevated after HCV infection in
[67-69]
monocytes
. The expression of TLR2 is significantly
correlated with serum TNF-α and alanine transaminase
[67]
(ALT) levels , indicating that the inflammation asso
ciated with HCV infection is partially attributed to pro
duction of proinflammatory cytokines in a TLR2-depen
dent manner. Similarly, HCVc can activate the MPS in
[58]
a TLR2-dependent manner . In contrast, TLR3 and
TLR4 in monocytes are compromised after HCV infec
[70]
tion . In healthy individuals, the repeated stimulation
of monocytes via the TLR ligands leads to tolerance,
thereby providing a protective mechanism to limit in
flammation. However, this tolerance is disrupted in
[71]
HCV-infected patients . Therefore, monocytes from
HCV-infected patients are hyper-responsive, and their
expression of TNF-α is upregulated. The loss of TLR
[71]
tolerance can be attributed to IFN-γ . Alternatively,
other reports demonstrated that HCVc can induce down
regulation of IL-6 production after stimulation with TLR2
[72,73]
and TLR4 ligands
. We hypothesize that HCVc induces
hyporesponsiveness, leading to the evasion of immunity
in the early period of infection, whereas IFN-γ-induced
loss of tolerance may contribute to inflammation and
subsequent liver damage in chronic infection.
Impact of HCV on cytokine production from
monocytes: IL-10, an anti-inflammatory cytokine, can
[74]
be produced by monocytes . IL-10 has several immuno
regulatory functions after HCV infection. It is involved
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gC1qR

HCVc

Tim-3

PD-1
SOCS-1

cytes are also elevated during HCV infection and the type
Ⅰ as well as type Ⅲ IFNs upregulate the IL-10 monocyte
receptors, leading to higher sensitivity of monocytes to
[83]
IL-10 .
Programmed cell death-1 (PD-1) is primarily ex
pressed on activated lymphocytes, whereas its ligand
[84]
(PD-L) is widely expressed by many cells . PD-1/
PD-L interactions can affect responses against self
[84]
and foreign antigens . Consistently, PD-1/PD-L1 sig
naling in monocytes has critical roles in HCV infection.
Monocytes from CHC patients are endowed with high
levels of PD-L1, which enables the suppression of T cell
proliferation, reduces the frequency of HCV-specific
effector T cells, and downregulates the production of type
[85]
1 help T cell (Th1) cytokines as well . PD-L1 signaling
downregulates IL-12 expression, leading to low Th1
[86]
cytokine production . HCVc interacts with the receptor
for the globular heads of C1q (gC1qR) to increase
[87]
PD-1 expression by monocytes . PD-1 is associated
with suppressor of cytokine signaling 1 (SOCS-1), and
they work together to inhibit the activation of signal
transducer and activator of transcription (STAT)-1 and
[87]
the subsequent IL-12 production .
The galectin-9 (Gal-9) and T cell immunoglobulin
and mucin domain 3 (Tim-3) pathway in monocytes is
also vital for HCV infection. Monocytes express Gal-9
upon exposure to HCV-infected cells or the subgenomic
[88]
replicon cells and exosomes from infected cells . Con
sistently, Tim-3, receptor of Gal-9, is constitutively ex
pressed on resting monocytes and can be up-regulated
[89]
in CHC patients . HCVc upregulates Tim-3 in a c-Jun
[90]
N-terminal kinase (JNK) and T-bet-dependent manner .
The Gal-9/Tim-3 pathway is involved in the dysfunction
[89,91]
of IL-12, IL-23, and IL-17
. Crosstalk between PD-1
and SOCS-1, Gal-9, and Tim-3 inhibits IL-12 production
[89]
by limiting STAT-1 phosphorylation .
In conclusion, imbalance between IL-10 and IL-12
is a key feature of HCV infection. High levels of IL-10
combined with low IL-12 levels lead to a poor antiviral
microenvironment. To make matters worse, HCV-infected
patients and healthy controls show different responses to
IL-10 and IL-12, i.e., IL-10 can suppress IFN-γ production
in both HCV-infected patients and healthy controls,
whereas the stimulatory effect of IL-12 on IFN-γ is com
[92]
promised in HCV-infected patients (Figure 1).

HCVc

Gal-9
TLR4

AP-1

AP-1

STAT1

NFκB

IL-12

TLR2

NFκB

IL-10

Figure 1 Mechanisms underlying aberrant interleukin-10 and interleukin
-12 expression. Monocytes are a main producer of interleukin-10 (IL-10)
in hepatitis C virus (HCV) infection. HCV core protein (HCVc) can stimulate
monocytes to produce IL-10, which selectively inhibits Toll-like receptor 4
signaling, leading to impairment of interleukin -12 (IL-12). Programmed cell
death 1 (PD-1)/ ligand of PD-1 (PD-L1) signaling and the galectin-9 (Gal-9)/
T cell immunoglobulin and mucin domain 3 (Tim-3) pathways suppress IL-12
production by inhibiting activator protein 1 and signal transducer and activator
of transcription 1 activation. The interaction between HCVc and receptor for the
globular heads of C1q also inhibits IL-12 production but promotes PD-1/PD-L1
and Gal-9/Tim-3 pathways. The red arrow represents inhibition, whereas the
green arrow indicates promotion. HCVc: HCV core protein; IL: Interleukin; TLR:
Toll-like receptor; PD-1: Programmed cell death 1; PD-L1: Ligand of PD-1;
Gal-9: Galectin-9; TIM-3: T cell immunoglobulin and mucin domain 3; AP-1:
Activator protein 1; STAT: Signal transducer and activator of transcription;
gC1qR: Receptor for the globular heads of C1q; SOCS: Suppressor of cytokine
signaling; NFκB: Nuclear factor-κB.
+

in HCV-specific CD8 T cell regulation; specifically, IL-10
+
can reduce the frequency of CD8 T cells and impair
[75]
their differentiation . Furthermore, IL-10 preferentially
[76]
targets TLR4 signaling . The inhibitory role of IL-10
against the production of proinflammatory cytokines
was preferentially mediated by TLR4 signaling, i.e., the
stimulation of chronic hepatitis C (CHC) patient-derived
monocytes by lipopolysaccharide (LPS) (a TLR4 ligand)
rather than R848 (a TLR8 agonist) led to lower TNF-α
[76]
and IL-12 production .
Analysis of serum samples collected from CHC
patients often shows higher IL-10 levels either pro
duced spontaneously or after stimulation with HCV
[77,78]
antigens
. Particularly, CHC patients have high IL-10
[79]
levels and relatively low levels of IFN-γ and IL-2 ,
whereas patients with the self-limiting HCV produce
lower IL-10 levels in response to both viral antigens and
[80]
unspecific stimulation .
HCV NS4 can stimulate peripheral blood mononuclear
cells (PBMCs) to produce IL-10 and transforming growth
[81]
factor (TGF)-β . TGF-β cooperates with IL-10 to inhibit
[82]
the host-protective immune responses . Additionally,
supernatants of NS4-stimulated monocytes can inhibit
[81]
DC maturation and DC stimulatory function .
In our lab, we studied the network of cytokines that
regulate IL-10 production and the cytokines regulated
[74]
by IL-10 upon HCV infection . The stimulation of
monocytes with HCVc and polyI:C induces the secretion
of TNF-α, IL-1β, IL-10, and typeⅠ IFN. Interestingly,
TNF-α, IL-1β, and IFN promote the IL-10 production,
whereas high IL-10 levels inhibit TNF-α, IL-1β, and IFN
[74]
production . Furthermore, receptors for IL-10 on mono
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Regulatory function of monocytes following HCV
infection: Following HCV infection, monocytes modulate
the functions of other immune cells, such as NK cells
and T cells. Additionally, NS5A can upregulate IL-10
and TGF-β expression in monocytes, and in turn, these
cytokines suppress NK cell function by downregulating
the expression of NKG2D, an activating receptor ex
[93]
pressed on the surface of NK cells . Furthermore,
monocytes secrete the IL-18 and IL-36 inhibitory pro
teins, which can reduce NK cell activation, TNF-related
apoptosis-inducing ligand (TRAIL) expression, and the
[94]
ability to kill target cells . Monocyte-derived Gal-9
upregulates the cytotoxicity of NK cells, leading to HCV[95]
specific T cell apoptosis and liver injury . Co-culture of
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[112]

monocytes with T cells leads to elevated mortality rate
[96]
of T cells . In addition to these detrimental functions,
monocytes were found to be beneficial in the following
situation: elevated OX40L expression, which is involved
+
in the CD4 T cell response. Blocking OX40L expression
+
from monocytes leads to HCV-specific CD4 T cell impair
[97]
ment . Upon co-culture with JFH-1/HuH7.5 cells, NK
cells from PBMCs produce high levels of IFN-γ. pDCderived IFN-α is indispensable for IFN-γ production,
whereas the monocyte-derived IL-15 can augment IFN-γ
[98]
production to the maximum .

isolate and characterize human liver DCs . In contrast
to the circulating DCs, mDCs from livers of HCV-infected
patients did not show noticeable defects in stimulating
T cells and produced lower levels of IL-10 than mDCs
[112]
from healthy individuals . However, the livers of HCVinfected patients harbored decreased numbers of pDCs
[112]
compared to the livers of healthy individuals
, and
thus, the amount of IFN-α was lower in the HCV-infected
[112]
patients . In summary, lower amount of IFN-α and
lower levels of IL-10 can contribute to persistent viral
infection and inflammation in HCV infection, respec
[112]
tively .
Additionally, DCs from HCV-infected patients showed
[113]
lower production of IFN-λ , abolished cytotoxic acti
[114]
vity
, upregulated levels of Fas ligand as well as
[115]
PD-L2 , and imbalanced expression between the co[116,117]
stimulatory and co-inhibitory markers
.

HCV and DCs

Impaired functions of DCs following HCV infection:
In vivo study showed that gene expression in DCs from
acute HCV resolving patients and from patients who
[99]
become chronically infected is different . The same
result is also confirmed in healthy controls and CHC
[99]
patients . All these indicate that DCs play an important
role in HCV infection.
DCs derived from peripheral blood progenitors in
vitro enabled the extensive study of DC populations.
Compared to healthy control DCs, HCV-DCs (derived
from CHC patients) exhibit a normal phenotype and
[100,101]
morphology but stimulate allogeneic T cells poorly
.
Owing to the low expression of IL-12 in HCV-DCs, they
induce lower amounts of IFN-γ from T cells compared
with control DCs in co-cultures of allogeneic DCs and T
[102]
cells . Additionally, HCV-DCs are refractory to matu
[103]
ration stimuli and maintain an immature phenotype .
Interestingly, the observed defects in HCV-DCs are
[100,103]
improved after viral clearance
. In agreement,
transfection of DCs from a healthy donor with adenovirus
encoding HCV E1 and HCVc resulted in poor ability to
[104]
stimulate the allogeneic and autologous T cells .
To confirm the results obtained from in vitro ge
nerated DCs, researchers evaluated the functions
and phenotypes of blood DCs ex vivo directly during
[105-109]
chronic HCV infection
. Compared to those among
healthy controls, the frequencies of mDCs, pDCs, and
DC progenitors are significantly lower in HCV-infected
[106,108-110]
patients
. DCs from HCV-infected patients
+
have a reduced ability to stimulate allogeneic CD4 T
[105,107,110]
cells
. Additionally, they show abnormalities in
the production of cytokines, such as reduced IFN-α and
[107,110]
[107,108]
IL-12 levels
and increased IL-10 production
.
Interestingly, these defects are resolved after viral elimi
nation, indicating that HCV can indeed infect DCs and
[106,108,109]
alter their function
. Additionally, the tryptophancatabolizing enzyme indolamine 2,3-dioxygenase (IDO),
an inducer of immune tolerance, was found to be signifi
[111]
cantly increased in mDCs of CHC patients . Moreover,
HCV-infected patient monocyte-derived DCs and infected
control monocyte-derived DCs (infected ex vivo with
HCV) show an inability to mature, and this impairment
[111]
can be reversed by IDO inhibitors .
The anti-HCV immune response mainly occurs in
the liver; therefore, it is reasonable to speculate that the
behavior of circulating DCs can be different from that of
liver-resident DCs. Therefore, studies were designed to
WJG|www.wjgnet.com

HCV-derived mechanisms underlying DC impair
ment: The mechanisms underlying DC impairment as
well as the HCV proteins modulating DC functions have
[118]
been previously investigated . HCVc and NS3 proteins
are involved in the impairment of DC maturation, lower
levels of T cell stimulation as well as higher levels of
[64]
IL-10 production from DCs in HCV-infected patients
(Table 1). Additionally, HCVc protein can engage gC1qR
to inhibit IL-12 production and further restrain Th1
[119]
responses . HCV E2 protein interacts with CD81 of DCs
to alter DC migratory behavior, thereby incapacitating
the recirculation of DCs to the lymphoid tissue, which
[120]
can cause impairment of T cell priming
(Table 1).
In our lab, we isolated liver-derived pDCs from normal
liver tissues collected from benign tumor dissections and
liver transplant donors. We observed that the interaction
of E2 with CD81 inhibits pDC maturation, activation,
[121]
and IFN-α production . HCV NS4 protein can change
the DC phenotype and is involved in the reduction
of Th1 cytokine production and impairment of T cell
[122]
stimulation . NS3 and E2 proteins can hinder IFN-λ
[113]
production from DCs . NS5A increases IL-8 production
from DCs and influences the phosphorylation of STAT1
[123]
and STAT2
(Table 1).
On the other hand, a number of studies failed to
[124-128]
find defects in DCs during HCV infection
. It was
reported that both HCV patients and chimpanzees
infected with HCV harbor phenotypic and functional intact
[124,125]
mDCs and pDCs
. DCs (both pDCs and monocytederived DCs) from healthy donors and HCV patients
[127]
show comparable functions . These discrepancies can
be attributed to the inhomogeneous disease state of the
patient cohorts, technicalities in methods used for DC
purification, stimuli used to induce maturation, and the
evaluation of discrepant effector functions.

HCV and macrophages

Fundamental functions of macrophages after
HCV infection: The number of proinflammatory
macrophages is increased significantly in HCV-infected
livers, highlighting the importance of macrophages
[129-131]
in HCV infection
. This increase is dependent
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Table 1 Hepatitis C virus-derived mechanisms underlying dendritic cell impairment
HCV protein

Target cells

Functional change

Mechanism

Ref.

HCV core and NS3

mDCs

Increased IL-10 and decreased IL-12 production

[64]

E2

mDCs
pDCs

Interacts with CD81

[120]
[121]

E2 andNS3
NS4

mDCs
mDCs

Not shown
Not shown

[113]
[122]

NS5A

mDCs

Impaired maturation
Impaired T-cell stimulation
Alter DC migratory behavior
Inhibited maturation
Impaired activation
Decreased IFN-α production
Impaired IFN-λ production
Th1 cytokine reduction
T-cell stimulatory impairment
Increased IL-8 production
Impaired interferon signaling

Not shown
Influence the phosphorylation of STAT1 and STAT2

[123]

HCV: Hepatitis C virus; NS: Nonstructural protein; mDC: Myeloid dendritic cell; pDC: Plasmacytoid dendritic cell; IL: Interleukin; Th1: Type 1 help T cell;
IFN: Interferon; STAT: Signal transducer and activator of transcription.

on the proliferation of resident KCs and recruitment
[129]
of monocytes
. Macrophages express TRAIL, Fasligand, granzyme B, perforin, and reactive oxygen
species, which cause direct cytotoxicity to the infected
[132,133]
hepatocytes
. Furthermore, macrophage-derived
[134,135]
IL-6 and IL-1β can inhibit HCV replication
. Moreover,
TLR3 and TLR4 ligands can activate KCs to secrete
[136]
IFN-β, therefore restricting HCV replication
. This
observation is in agreement with the results obtained by
our group. We isolated KCs from living donor allografts
and stimulated them with TLR ligands and/or HCVc.
Indeed, we observed that TLR3 induced KCs to secrete
[133]
typeⅠ IFNs, and this effect was blocked by HCVc .
Additionally, KCs were reported to produce TGF-β, IL-10,
Gal-9, PD-L1, and PD-L2 during CHC, which suppresses
[133,137-139]
the antiviral functions of T cells
.

activate the NLRP3 inflammasome of macrophages.
Additionally, macrophage-derived TNF-α was reported
[144]
to promote HCV entry into polarized hepatoma cells .
In HCV-infected patients, LPS can induce significantly
high levels of TNF-α, because macrophages of HCV[71,130]
infected patients are deprived of TLR-tolerance
. The
combination of increased TNF-α production along with
the enhanced HCV entry may represent an important
mechanism by which macrophages enhance HCV in
fection and infection-associated inflammation (Figure 2).
Macrophages play an important role in HCVassociated liver fibrosis and/or cirrhosis: Pro
gressive fibrosis and/or cirrhosis is a characteristic of
CHC, and macrophages play an important role in this
[145]
process . In CHC, the role of macrophages in fibrosis
is mediated by the pro-inflammatory cytokines IL-1β
and TNF-α, which have a well-established pro-fibrotic
[146-149]
function
. Additionally, conditioned medium from
HCV-exposed macrophages can modulate the primary
human hepatic stellate cells (HSC) and LX2 cell line.
CCL5 derived from macrophages activates HSCs, leading
to the increased expression of inflammatory and pro
fibrogenic markers such as NLRP3, IL-1β, IL-6, CCL5,
TGFβ1, COL4A1, matrix metalloproteinase 2 (MMP2),
[150]
and α-smooth muscle actin (SMA) .
HCV-infected patients have elevated serum levels
of macrophage colony-stimulating factor (M-CSF) and
[151]
IL-34
, and these proteins are intensely expressed
around the liver lesions. In vitro, hepatocytes produce
IL-34, M-CSF, and inflammatory cytokines in response
[151]
to HCV infection
. IL-34 and M-CSF promote the
differentiation of monocytes into macrophages and en
[151]
dow the macrophages with profibrotic properties
.
These profibrotic macrophages recruit monocytes to the
liver and activate HSCs via platelet-derived growth factor,
[151]
TGF-β, and galectin-3 .

HCV infection can influence the macrophage
[140]
phenotype: Burgio et al
observed that the immuno
phenotypes of KCs can change during HCV infection.
The expression of CD80, CD40, and MHC-Ⅱ was aber
rantly regulated during HCV infection. Those KCs form
+
clusters with T cells (mostly CD4 ) in the livers from
HCV-infected patients. In contrast, in healthy livers, the
KC-T cell clusters are scarce and the T cells are mostly
+
CD8 . Taken together, these results indicate that HCV
infection can change the phenotype of KCs from efficient
antigen endocytic cells to professional antigen-presenting
[140]
cells . Additionally, the HCV E2 protein can polarize
monocyte-derived macrophages to the M2 phenotype
[141]
by enhancing STAT3 and inhibiting STAT1 activation .
In our group, we observed that HCVc can also affect
the differentiation states of cells from monocytes to
macrophages. Both M1 and M2 polarization are inhibited
[142]
in a TLR2-dependent manner .
Role of macrophages in mediating HCV-associated
inflammation: HCV proteins and RNA can activate
macrophages, leading to the production of proin
flammatory cytokines such as IL-1β, IL-6, IL-18, and
[62,63,133,143]
TNF-α
. It is noteworthy that upon macrophage
activation with HCV viral particles, the response is
[57]
proinflammatory rather than antiviral . This could be
attributed to the polyU/UC sequences of HCV RNA, which
WJG|www.wjgnet.com

CONCLUSION
Components of the MPS have redundant but nonidentical roles in HCV infection. Monocytes act as pro
genitors for DCs as well as macrophages, and they play
an important role in blunting the immune system by
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Potassium K+
channel

crophages? Or will those impairments be reversed during
differentiation? These questions remain to be inves
tigated.
The majority of previous studies focused on only
one component of the MPS, and thus, data on the inter
play and cooperation between MPS components are
[98,152,153]
scarce
. For instance, the recruitment of DCs to
the liver requires KCs and the majority of the recruited
DCs bind to KCs. This DC-KC binding is indispensable,
because KC depletion leads to the inhibition of DC
[152]
migration to the liver
. Furthermore, monocytes
produce IL-10 and TNF-α, leading to the apoptosis of
pDCs and consequently inhibiting the production of
[153]
IFN-α by pDCs . Additionally, pDC-derived IFN-α and
monocyte-derived IL-15 work together to maximize the
IFN-γ induction by NK cells and NKT cells during HCV
[98]
infection . Other forms of interplay and cooperation
involving the MPS remain to be analyzed.
In this review, we describe the impact of HCV in
fection on each population of the MPS. As a precursor
of DCs and macrophages, monocytes are the major
contributors to the regulation of the immune system
following HCV infection. Monocytes produce high levels
of IL-10 and low levels of IL-12, which leads to a blunted
microenvironment. On the other hand, DCs demonstrate
an impaired ability to stimulate T cells that inhibit effi
cient anti-HCV T-cell function. As tissue-resident cells,
macrophages are tightly associated with HCV-induced
inflammation and cirrhosis.

HCVc or NS3

HCV

TLR2

TLR1 or 6

HCV p7
TLR7/8
NLRP3

Endosome

NFκB

ASC
IL-1β
IL-18

Caspase-1

MYD88

Pro IL-1β

IFN-γ

Pro IL-18
NFκB

TNF-α
IL-6
IL-10

Figure 2 Role of macrophages in hepatitis C virus infection-associated
inflammation. During hepatitis C virus (HCV) infection, macrophages are
the main source of the proinflammatory cytokines [interleukin (IL)-1β, IL-18,
tumor necrosis factor (TNF)-α, and IL-6] and the anti-inflammatory IL-10.
The production of IL-1β and IL-18 requires two signals, which are initiated
by the uptake of intact HCV particles. Signal 1: Following dendritic cellspecific intercellular adhesion molecule-3-grabbing non-integrin-mediated
endocytosis, the HCV genome is released into cytoplasm and the uridinerich HCV RNA is recognized by endosomal Toll-like receptor 7 (TLR7). This
recognition leads to pro-IL-1β and IL-18 production in a myeloid differentiation
primary response gene 88 and nuclear factor-κB (NFκB)-dependent manner.
Signal 2: Pro IL-1β and IL-18 become activated in this pathway. HCV p7, an
ion channel protein, promotes potassium efflux that activates the nucleotidebinding oligomerization domain-like receptor family pyrin domain containing
3 (NLRP3) inflammasome. Utilizing apoptosis-associated speck-like protein
containing a CARD as an adaptor protein, NLRP3 activates caspase-1, which
induces the maturation of pro-IL-1β and pro-IL-18 into their active forms. HCV
core and NS3 proteins interact with TLR1 or TLR6 and TLR2 to activate NFκB,
which results in the production of TNF-α, IL-6, and IL-10. Additionally, HCV
particles can also be recognized by TLR7/8, inducing TNF-α production. TLR
tolerance is a protection mechanism against uncontrolled inflammation. In HCV
infection, it can be abrogated by interferon-γ through NF-κB signaling, leading
to the production of high levels of proinflammatory cytokines. HCV: Hepatitis C
virus; HCVc: HCV core protein; IL: Interleukin; TLR: Toll-like receptor; TNF-α:
Tumor necrosis factor α; DC-SIGN: Dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin; TLR: Toll-like receptor; MYD88: Myeloid
differentiation primary response gene 88; NF-κB: Nuclear factor-κB; NLRP3:
Nucleotide-binding oligomerization domain-like receptor family pyrin domain
containing 3; ASC: Apoptosis-associated speck-like protein containing a CARD;
NS3: Nonstructural protein 3; IFN-γ: Interferon-γ.

REFERENCES
1
2
3

secreting large amounts of IL-10 and decreasing IL-12
production. Altered TLR signaling is the most probable
cause for abnormal cytokine production in HCV infection.
Results from studies examining the impairment of DCs
during HCV infection are still controversial. In this review,
we adopt the argument that mDCs show a reduced
ability to stimulate T cells, whereas pDCs produce
decreased amounts of IFN-α in HCV infection. However,
a definitive conclusion requires further investigation.
Macrophages are a double-edged sword in HCV infection,
with both beneficial and detrimental effects. Macrophagederived proinflammatory cytokines can control the viral
spread in acute infection. However, if HCV infection
is not controlled, these proinflammatory cytokines
contribute to persistent inflammation and complications,
including fibrosis and cirrhosis. Persistent inflammation
is a characteristic of HCV infection, and thus, the
differentiation of monocytes into DCs and macrophages
should happen frequently. Will the impairments of
the precursor monocytes be inherited by DCs and ma

WJG|www.wjgnet.com

4

5
6

7

8

4968

Douam F, Lavillette D, Cosset FL. The mechanism of HCV entry
into host cells. Prog Mol Biol Transl Sci 2015; 129: 63-107 [PMID:
25595801 DOI: 10.1016/bs.pmbts.2014.10.003]
Szabó E, Lotz G, Páska C, Kiss A, Schaff Z. Viral hepatitis: new data
on hepatitis C infection. Pathol Oncol Res 2003; 9: 215-221 [PMID:
14688826]
Halliday J, Klenerman P, Barnes E. Vaccination for hepatitis C virus:
closing in on an evasive target. Expert Rev Vaccines 2011; 10: 659-672
[PMID: 21604986 DOI: 10.1586/erv.11.55]
Pybus OG, Barnes E, Taggart R, Lemey P, Markov PV, Rasachak
B, Syhavong B, Phetsouvanah R, Sheridan I, Humphreys IS, Lu L,
Newton PN, Klenerman P. Genetic history of hepatitis C virus in East
Asia. J Virol 2009; 83: 1071-1082 [PMID: 18971279 DOI: 10.1128/
JVI.01501-08]
Gray RR, Salemi M, Klenerman P, Pybus OG. A new evolutionary
model for hepatitis C virus chronic infection. PLoS Pathog 2012; 8:
e1002656 [PMID: 22570609 DOI: 10.1371/journal.ppat.1002656]
Thomson EC, Smith JA, Klenerman P. The natural history of early
hepatitis C virus evolution; lessons from a global outbreak in human
immunodeficiency virus-1-infected individuals. J Gen Virol 2011; 92:
2227-2236 [PMID: 21775583 DOI: 10.1099/vir.0.033910-0]
Loomba R, Rivera MM, McBurney R, Park Y, Haynes-Williams
V, Rehermann B, Alter HJ, Herrine SK, Liang TJ, Hoofnagle
JH, Heller T. The natural history of acute hepatitis C: clinical
presentation, laboratory findings and treatment outcomes. Aliment
Pharmacol Ther 2011; 33: 559-565 [PMID: 21198704 DOI: 10.1111/
j.1365-2036.2010.04549.x]
Thomson EC, Fleming VM, Main J, Klenerman P, Weber J, Eliahoo
J, Smith J, McClure MO, Karayiannis P. Predicting spontaneous
clearance of acute hepatitis C virus in a large cohort of HIV-1-infected
men. Gut 2011; 60: 837-845 [PMID: 21139063 DOI: 10.1136/
gut.2010.217166]

November 28, 2018|Volume 24|Issue 44|

Yang Y et al . MPS in HCV infection
9

10
11

12

13

14
15

16

17

18

19

20

21
22

23

Zaltron S, Spinetti A, Biasi L, Baiguera C, Castelli F. Chronic HCV
infection: epidemiological and clinical relevance. BMC Infect Dis
2012; 12 Suppl 2: S2 [PMID: 23173556 DOI: 10.1186/1471-2334-12S2-S2]
Webster DP, Klenerman P, Dusheiko GM. Hepatitis C. Lancet
2015; 385: 1124-1135 [PMID: 25687730 DOI: 10.1016/
S0140-6736(14)62401-6]
Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Gonçales
FL Jr, Häussinger D, Diago M, Carosi G, Dhumeaux D, Craxi A, Lin
A, Hoffman J, Yu J. Peginterferon alfa-2a plus ribavirin for chronic
hepatitis C virus infection. N Engl J Med 2002; 347: 975-982 [PMID:
12324553 DOI: 10.1056/NEJMoa020047]
Poordad F, McCone J Jr, Bacon BR, Bruno S, Manns MP, Sulkowski
MS, Jacobson IM, Reddy KR, Goodman ZD, Boparai N, DiNubile
MJ, Sniukiene V, Brass CA, Albrecht JK, Bronowicki JP; SPRINT-2
Investigators. Boceprevir for untreated chronic HCV genotype 1
infection. N Engl J Med 2011; 364: 1195-1206 [PMID: 21449783
DOI: 10.1056/NEJMoa1010494]
Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM,
Reddy KR, Bzowej NH, Marcellin P, Muir AJ, Ferenci P, Flisiak R,
George J, Rizzetto M, Shouval D, Sola R, Terg RA, Yoshida EM,
Adda N, Bengtsson L, Sankoh AJ, Kieffer TL, George S, Kauffman
RS, Zeuzem S; ADVANCE Study Team. Telaprevir for previously
untreated chronic hepatitis C virus infection. N Engl J Med 2011; 364:
2405-2416 [PMID: 21696307 DOI: 10.1056/NEJMoa1012912]
Jenkins SJ, Hume DA. Homeostasis in the mononuclear phagocyte
system. Trends Immunol 2014; 35: 358-367 [PMID: 25047416 DOI:
10.1016/j.it.2014.06.006]
Yona S, Kim KW, Wolf Y, Mildner A, Varol D, Breker M, StraussAyali D, Viukov S, Guilliams M, Misharin A, Hume DA, Perlman
H, Malissen B, Zelzer E, Jung S. Fate mapping reveals origins and
dynamics of monocytes and tissue macrophages under homeostasis.
Immunity 2013; 38: 79-91 [PMID: 23273845 DOI: 10.1016/
j.immuni.2012.12.001]
Hettinger J, Richards DM, Hansson J, Barra MM, Joschko AC,
Krijgsveld J, Feuerer M. Origin of monocytes and macrophages in
a committed progenitor. Nat Immunol 2013; 14: 821-830 [PMID:
23812096 DOI: 10.1038/ni.2638]
Epelman S, Lavine KJ, Beaudin AE, Sojka DK, Carrero JA,
Calderon B, Brija T, Gautier EL, Ivanov S, Satpathy AT, Schilling
JD, Schwendener R, Sergin I, Razani B, Forsberg EC, Yokoyama
WM, Unanue ER, Colonna M, Randolph GJ, Mann DL. Embryonic
and adult-derived resident cardiac macrophages are maintained
through distinct mechanisms at steady state and during inflammation.
Immunity 2014; 40: 91-104 [PMID: 24439267 DOI: 10.1016/
j.immuni.2013.11.019]
Varol C, Vallon-Eberhard A, Elinav E, Aychek T, Shapira Y, Luche
H, Fehling HJ, Hardt WD, Shakhar G, Jung S. Intestinal lamina
propria dendritic cell subsets have different origin and functions.
Immunity 2009; 31: 502-512 [PMID: 19733097 DOI: 10.1016/
j.immuni.2009.06.025]
Bogunovic M, Ginhoux F, Helft J, Shang L, Hashimoto D, Greter
M, Liu K, Jakubzick C, Ingersoll MA, Leboeuf M, Stanley ER,
Nussenzweig M, Lira SA, Randolph GJ, Merad M. Origin of the
lamina propria dendritic cell network. Immunity 2009; 31: 513-525
[PMID: 19733489 DOI: 10.1016/j.immuni.2009.08.010]
Serbina NV, Pamer EG. Monocyte emigration from bone marrow
during bacterial infection requires signals mediated by chemokine
receptor CCR2. Nat Immunol 2006; 7: 311-317 [PMID: 16462739
DOI: 10.1038/ni1309]
Geissmann F. The origin of dendritic cells. Nat Immunol 2007; 8:
558-560 [PMID: 17514208 DOI: 10.1038/ni0607-558]
Varol C, Landsman L, Fogg DK, Greenshtein L, Gildor B, Margalit R,
Kalchenko V, Geissmann F, Jung S. Monocytes give rise to mucosal,
but not splenic, conventional dendritic cells. J Exp Med 2007; 204:
171-180 [PMID: 17190836 DOI: 10.1084/jem.20061011]
Serbina NV, Jia T, Hohl TM, Pamer EG. Monocyte-mediated
defense against microbial pathogens. Annu Rev Immunol
2008; 26: 421-452 [PMID: 18303997 DOI: 10.1146/annurev.
immunol.26.021607.090326]

WJG|www.wjgnet.com

24

25

26
27

28

29
30

31

32
33

34

35
36

37
38

39

40
41

42

4969

Auffray C, Sieweke MH, Geissmann F. Blood monocytes:
development, heterogeneity, and relationship with dendritic cells. Annu
Rev Immunol 2009; 27: 669-692 [PMID: 19132917 DOI: 10.1146/
annurev.immunol.021908.132557]
Strauss O, Dunbar PR, Bartlett A, Phillips A. The immunophenotype
of antigen presenting cells of the mononuclear phagocyte system in
normal human liver--a systematic review. J Hepatol 2015; 62: 458-468
[PMID: 25315649 DOI: 10.1016/j.jhep.2014.10.006]
Collin M, McGovern N, Haniffa M. Human dendritic cell subsets.
Immunology 2013; 140: 22-30 [PMID: 23621371 DOI: 10.1111/
imm.12117]
Bamboat ZM, Stableford JA, Plitas G, Burt BM, Nguyen HM, Welles
AP, Gonen M, Young JW, DeMatteo RP. Human liver dendritic cells
promote T cell hyporesponsiveness. J Immunol 2009; 182: 1901-1911
[PMID: 19201843 DOI: 10.4049/jimmunol.0803404]
Goddard S, Youster J, Morgan E, Adams DH. Interleukin-10
secretion differentiates dendritic cells from human liver and skin.
Am J Pathol 2004; 164: 511-519 [PMID: 14742257 DOI: 10.1016/
s0002-9440(10)63141-0]
Zhu J, Yamane H, Paul WE. Differentiation of effector CD4 T cell
populations (*). Annu Rev Immunol 2010; 28: 445-489 [PMID:
20192806 DOI: 10.1146/annurev-immunol-030409-101212]
Cabillic F, Rougier N, Basset C, Lecouillard I, Quelvennec E,
Toujas L, Guguen-Guillouzo C, Corlu A. Hepatic environment elicits
monocyte differentiation into a dendritic cell subset directing Th2
response. J Hepatol 2006; 44: 552-559 [PMID: 16310277 DOI:
10.1016/j.jhep.2005.08.010]
Tomiyama C, Watanabe H, Izutsu Y, Watanabe M, Abo T.
Suppressive role of hepatic dendritic cells in concanavalin A-induced
hepatitis. Clin Exp Immunol 2011; 166: 258-268 [PMID: 21985372
DOI: 10.1111/j.1365-2249.2011.04458.x]
Wynn TA, Chawla A, Pollard JW. Macrophage biology in
development, homeostasis and disease. Nature 2013; 496: 445-455
[PMID: 23619691 DOI: 10.1038/nature12034]
Kwekkeboom J, Kuijpers MA, Bruyneel B, Mancham S, De BaarHeesakkers E, Ijzermans JN, Bouma GJ, Zondervan PE, Tilanus HW,
Metselaar HJ. Expression of CD80 on Kupffer cells is enhanced in
cadaveric liver transplants. Clin Exp Immunol 2003; 132: 345-351
[PMID: 12699427 DOI: 10.1046/j.1365-2249.2003.02129.x]
Guo S, Yang C, Mei F, Wu S, Luo N, Fei L, Chen Y, Wu Y. Downregulation of Z39Ig on macrophages by IFN-gamma in patients with
chronic HBV infection. Clin Immunol 2010; 136: 282-291 [PMID:
20399148 DOI: 10.1016/j.clim.2010.03.007]
Davies LC, Jenkins SJ, Allen JE, Taylor PR. Tissue-resident
macrophages. Nat Immunol 2013; 14: 986-995 [PMID: 24048120
DOI: 10.1038/ni.2705]
Wahid B, Ali A, Rafique S, Saleem K, Waqar M, Wasim M, Idrees M.
Role of altered immune cells in liver diseases: a review. Gastroenterol
Hepatol 2018; 41: 377-388 [PMID: 29605453 DOI: 10.1016/
j.gastrohep.2018.01.014]
Krenkel O, Tacke F. Liver macrophages in tissue homeostasis and
disease. Nat Rev Immunol 2017; 17: 306-321 [PMID: 28317925 DOI:
10.1038/nri.2017.11]
Le Bail B, Bioulac-Sage P, Senuita R, Quinton A, Saric J, Balabaud
C. Fine structure of hepatic sinusoids and sinusoidal cells in disease.
J Electron Microsc Tech 1990; 14: 257-282 [PMID: 2338589 DOI:
10.1002/jemt.1060140307]
Tu Z, Bozorgzadeh A, Pierce RH, Kurtis J, Crispe IN, Orloff MS.
TLR-dependent cross talk between human Kupffer cells and NK cells.
J Exp Med 2008; 205: 233-244 [PMID: 18195076 DOI: 10.1084/
jem.20072195]
Fearon DT, Locksley RM. The instructive role of innate immunity
in the acquired immune response. Science 1996; 272: 50-53 [PMID:
8600536 DOI: 10.1126/science.272.5258.50]
Stijlemans B, De Baetselier P, Magez S, Van Ginderachter JA,
De Trez C. African Trypanosomiasis-Associated Anemia: The
Contribution of the Interplay between Parasites and the Mononuclear
Phagocyte System. Front Immunol2018; 9: 218 [PMID: 29497418
DOI: 10.3389/fimmu.2018.00218]
Pahari S, Kaur G, Negi S, Aqdas M, Das DK, Bashir H, Singh S,

November 28, 2018|Volume 24|Issue 44|

Yang Y et al . MPS in HCV infection

43

44

45

46

47

48
49

50

51

52

53

54

55

56
57

Nagare M, Khan J, Agrewala JN. Reinforcing the Functionality
of Mononuclear Phagocyte System to Control Tuberculosis.
Front Immunol 2018; 9: 193 [PMID: 29479353 DOI: 10.3389/
fimmu.2018.00193]
Perry VH, Lawson LJ, Reid DM. Biology of the mononuclear
phagocyte system of the central nervous system and HIV infection.
J Leukoc Biol 1994; 56: 399-406 [PMID: 8083615 DOI: 10.1002/
jlb.56.3.399]
Roy S, Wainberg MA. Role of the mononuclear phagocyte system in
the development of acquired immunodeficiency syndrome (AIDS).
J Leukoc Biol 1988; 43: 91-97 [PMID: 3275735 DOI: 10.1002/
jlb.43.1.91]
Bohmwald K, Espinoza JA, Pulgar RA, Jara EL, Kalergis AM.
Functional Impairment of Mononuclear Phagocyte System by the
Human Respiratory Syncytial Virus. Front Immunol 2017; 8: 1643
[PMID: 29230219 DOI: 10.3389/fimmu.2017.01643]
Sumpter R Jr, Loo YM, Foy E, Li K, Yoneyama M, Fujita T,
Lemon SM, Gale M Jr. Regulating intracellular antiviral defense and
permissiveness to hepatitis C virus RNA replication through a cellular
RNA helicase, RIG-I. J Virol 2005; 79: 2689-2699 [PMID: 15708988
DOI: 10.1128/jvi.79.5.2689-2699.2005]
Saito T, Owen DM, Jiang F, Marcotrigiano J, Gale M Jr. Innate
immunity induced by composition-dependent RIG-I recognition of
hepatitis C virus RNA. Nature 2008; 454: 523-527 [PMID: 18548002
DOI: 10.1038/nature07106]
Uzri D, Gehrke L. Nucleotide sequences and modifications that
determine RIG-I/RNA binding and signaling activities. J Virol 2009;
83: 4174-4184 [PMID: 19224987 DOI: 10.1128/JVI.02449-08]
Andrus L, Marukian S, Jones CT, Catanese MT, Sheahan TP,
Schoggins JW, Barry WT, Dustin LB, Trehan K, Ploss A, Bhatia
SN, Rice CM. Expression of paramyxovirus V proteins promotes
replication and spread of hepatitis C virus in cultures of primary
human fetal liver cells. Hepatology 2011; 54: 1901-1912 [PMID:
22144107 DOI: 10.1002/hep.24557]
Loo YM, Fornek J, Crochet N, Bajwa G, Perwitasari O, MartinezSobrido L, Akira S, Gill MA, García-Sastre A, Katze MG, Gale M
Jr. Distinct RIG-I and MDA5 signaling by RNA viruses in innate
immunity. J Virol 2008; 82: 335-345 [PMID: 17942531 DOI: 10.1128/
jvi.01080-07]
Kato H, Takeuchi O, Mikamo-Satoh E, Hirai R, Kawai T, Matsushita
K, Hiiragi A, Dermody TS, Fujita T, Akira S. Length-dependent
recognition of double-stranded ribonucleic acids by retinoic acidinducible gene-I and melanoma differentiation-associated gene 5. J
Exp Med 2008; 205: 1601-1610 [PMID: 18591409 DOI: 10.1084/
jem.20080091]
Pichlmair A, Schulz O, Tan CP, Rehwinkel J, Kato H, Takeuchi O,
Akira S, Way M, Schiavo G, Reis e Sousa C. Activation of MDA5
requires higher-order RNA structures generated during virus infection.
J Virol 2009; 83: 10761-10769 [PMID: 19656871 DOI: 10.1128/
JVI.00770-09]
Fredericksen BL, Keller BC, Fornek J, Katze MG, Gale M Jr.
Establishment and maintenance of the innate antiviral response to
West Nile Virus involves both RIG-I and MDA5 signaling through
IPS-1. J Virol 2008; 82: 609-616 [PMID: 17977974 DOI: 10.1128/
jvi.01305-07]
Wang N, Liang Y, Devaraj S, Wang J, Lemon SM, Li K. Toll-like
receptor 3 mediates establishment of an antiviral state against hepatitis
C virus in hepatoma cells. J Virol 2009; 83: 9824-9834 [PMID:
19625408 DOI: 10.1128/JVI.01125-09]
Dansako H, Yamane D, Welsch C, McGivern DR, Hu F, Kato N,
Lemon SM. Class A scavenger receptor 1 (MSR1) restricts hepatitis C
virus replication by mediating toll-like receptor 3 recognition of viral
RNAs produced in neighboring cells. PLoS Pathog 2013; 9: e1003345
[PMID: 23717201 DOI: 10.1371/journal.ppat.1003345]
Zhang YL, Guo YJ, Bin Li, Sun SH. Hepatitis C virus single-stranded
RNA induces innate immunity via Toll-like receptor 7. J Hepatol
2009; 51: 29-38 [PMID: 19443072 DOI: 10.1016/j.jhep.2009.03.012]
Zhang Y, El-Far M, Dupuy FP, Abdel-Hakeem MS, He Z, Procopio
FA, Shi Y, Haddad EK, Ancuta P, Sekaly RP, Said EA. HCV RNA
Activates APCs via TLR7/TLR8 While Virus Selectively Stimulates

WJG|www.wjgnet.com

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

4970

Macrophages Without Inducing Antiviral Responses. Sci Rep 2016; 6:
29447 [PMID: 27385120 DOI: 10.1038/srep29447]
Dolganiuc A, Oak S, Kodys K, Golenbock DT, Finberg RW, KurtJones E, Szabo G. Hepatitis C core and nonstructural 3 proteins trigger
toll-like receptor 2-mediated pathways and inflammatory activation.
Gastroenterology 2004; 127: 1513-1524 [PMID: 15521019 DOI:
10.1053/j.gastro.2004.08.067]
Ferreon JC, Ferreon AC, Li K, Lemon SM. Molecular determinants
of TRIF proteolysis mediated by the hepatitis C virus NS3/4A
protease. J Biol Chem 2005; 280: 20483-20492 [PMID: 15767257
DOI: 10.1074/jbc.M500422200]
Katakura K, Lee J, Rachmilewitz D, Li G, Eckmann L, Raz E. Tolllike receptor 9-induced type I IFN protects mice from experimental
colitis. J Clin Invest 2005; 115: 695-702 [PMID: 15765149 DOI:
10.1172/jci22996]
Takahashi K, Asabe S, Wieland S, Garaigorta U, Gastaminza P,
Isogawa M, Chisari FV. Plasmacytoid dendritic cells sense hepatitis
C virus-infected cells, produce interferon, and inhibit infection. Proc
Natl Acad Sci USA 2010; 107: 7431-7436 [PMID: 20231459 DOI:
10.1073/pnas.1002301107]
Negash AA, Ramos HJ, Crochet N, Lau DT, Doehle B, Papic
N, Delker DA, Jo J, Bertoletti A, Hagedorn CH, Gale M Jr. IL1β production through the NLRP3 inflammasome by hepatic
macrophages links hepatitis C virus infection with liver inflammation
and disease. PLoS Pathog 2013; 9: e1003330 [PMID: 23633957 DOI:
10.1371/journal.ppat.1003330]
Shrivastava S, Mukherjee A, Ray R, Ray RB. Hepatitis C virus
induces interleukin-1β (IL-1β)/IL-18 in circulatory and resident liver
macrophages. J Virol 2013; 87: 12284-12290 [PMID: 24006444 DOI:
10.1128/JVI.01962-13]
Dolganiuc A, Kodys K, Kopasz A, Marshall C, Do T, Romics
L Jr, Mandrekar P, Zapp M, Szabo G. Hepatitis C virus core and
nonstructural protein 3 proteins induce pro- and anti-inflammatory
cytokines and inhibit dendritic cell differentiation. J Immunol 2003; 170:
5615-5624 [PMID: 12759441 DOI: 10.4049/jimmunol.170.11.5615]
Chang S, Dolganiuc A, Szabo G. Toll-like receptors 1 and 6 are
involved in TLR2-mediated macrophage activation by hepatitis C
virus core and NS3 proteins. J Leukoc Biol 2007; 82: 479-487 [PMID:
17595379 DOI: 10.1189/jlb.0207128]
Lee CM, Hu TH, Lu SN, Wang JH, Hung CH, Chen CH, Yen YH.
Peripheral blood toll-like receptor 4 correlates with rapid virological
response to pegylated-interferon and ribavirin therapy in hepatitis
C genotype 1 patients. BMC Gastroenterol 2016; 16: 73 [PMID:
27457659 DOI: 10.1186/s12876-016-0492-6]
Riordan SM, Skinner NA, Kurtovic J, Locarnini S, McIver CJ,
Williams R, Visvanathan K. Toll-like receptor expression in chronic
hepatitis C: correlation with pro-inflammatory cytokine levels and
liver injury. Inflamm Res 2006; 55: 279-285 [PMID: 16955390 DOI:
10.1007/s00011-006-0082-0]
Wang JP, Zhang Y, Wei X, Li J, Nan XP, Yu HT, Li Y, Wang PZ, Bai
XF. Circulating Toll-like receptor (TLR) 2, TLR4, and regulatory T
cells in patients with chronic hepatitis C. APMIS 2010; 118: 261-270
[PMID: 20402671 DOI: 10.1111/j.1600-0463.2010.02586.x]
Sato K, Ishikawa T, Okumura A, Yamauchi T, Sato S, Ayada
M, Matsumoto E, Hotta N, Oohashi T, Fukuzawa Y, Kakumu S.
Expression of Toll-like receptors in chronic hepatitis C virus infection.
J Gastroenterol Hepatol 2007; 22: 1627-1632 [PMID: 17845690 DOI:
10.1111/j.1440-1746.2006.04783.x]
Villacres MC, Literat O, DeGiacomo M, Du W, Frederick T,
Kovacs A. Defective response to Toll-like receptor 3 and 4 ligands
by activated monocytes in chronic hepatitis C virus infection. J
Viral Hepat 2008; 15: 137-144 [PMID: 18184197 DOI: 10.1111/
j.1365-2893.2007.00904.x]
Dolganiuc A, Norkina O, Kodys K, Catalano D, Bakis G, Marshall
C, Mandrekar P, Szabo G. Viral and host factors induce macrophage
activation and loss of toll-like receptor tolerance in chronic HCV
infection. Gastroenterology 2007; 133: 1627-1636 [PMID: 17916356
DOI: 10.1053/j.gastro.2007.08.003]
Chung H, Watanabe T, Kudo M, Chiba T. Hepatitis C virus core
protein induces homotolerance and cross-tolerance to Toll-like

November 28, 2018|Volume 24|Issue 44|

Yang Y et al . MPS in HCV infection

73

74

75

76

77

78

79

80

81

82

83

84
85

86

87

receptor ligands by activation of Toll-like receptor 2. J Infect Dis 2010;
202: 853-861 [PMID: 20677943 DOI: 10.1086/655812]
Chung H, Watanabe T, Kudo M, Chiba T. Correlation between
hyporesponsiveness to Toll-like receptor ligands and liver
dysfunction in patients with chronic hepatitis C virus infection. J
Viral Hepat 2011; 18: e561-e567 [PMID: 21914077 DOI: 10.1111/
j.1365-2893.2011.01478.x]
Pang X, Wang Z, Zhai N, Zhang Q, Song H, Zhang Y, Li T, Li H, Su
L, Niu J, Tu Z. IL-10 plays a central regulatory role in the cytokines
induced by hepatitis C virus core protein and polyinosinic acid:
polycytodylic acid. Int Immunopharmacol 2016; 38: 284-290 [PMID:
27337528 DOI: 10.1016/j.intimp.2016.06.013]
Niesen E, Schmidt J, Flecken T, Thimme R. Suppressive effect of
interleukin 10 on priming of naive hepatitis C virus-specific CD8+
T cells. J Infect Dis 2015; 211: 821-826 [PMID: 25355941 DOI:
10.1093/infdis/jiu541]
Liu BS, Groothuismink ZM, Janssen HL, Boonstra A. Role for IL-10
in inducing functional impairment of monocytes upon TLR4 ligation
in patients with chronic HCV infections. J Leukoc Biol 2011; 89:
981-988 [PMID: 21385948 DOI: 10.1189/jlb.1210680]
Amaraa R, Mareckova H, Urbanek P, Fucikova T. Production of
interleukins 10 and 12 by activated peripheral blood monocytes/
macrophages in patients suffering from chronic hepatitis C virus
infection with respect to the response to interferon and ribavirin
treatment. Immunol Lett 2002; 83: 209-214 [PMID: 12095711 DOI:
10.1016/s0165-2478(02)00102-5]
Woitas RP, Petersen U, Moshage D, Brackmann HH, Matz B,
Sauerbruch T, Spengler U. HCV-specific cytokine induction in
monocytes of patients with different outcomes of hepatitis C. World J
Gastroenterol 2002; 8: 562-566 [PMID: 12046093 DOI: 10.3748/wjg.
v8.i3.562]
Flynn JK, Dore GJ, Hellard M, Yeung B, Rawlinson WD, White
PA, Kaldor JM, Lloyd AR, Ffrench RA; ATAHC Study Group.
Early IL-10 predominant responses are associated with progression
to chronic hepatitis C virus infection in injecting drug users. J
Viral Hepat 2011; 18: 549-561 [PMID: 20626625 DOI: 10.1111/
j.1365-2893.2010.01335.x]
Martin-Blondel G, Gales A, Bernad J, Cuzin L, Delobel P, Barange
K, Izopet J, Pipy B, Alric L. Low interleukin-10 production by
monocytes of patients with a self-limiting hepatitis C virus infection.
J Viral Hepat 2009; 16: 485-491 [PMID: 19302337 DOI: 10.1111/
j.1365-2893.2009.01094.x]
Brady MT, MacDonald AJ, Rowan AG, Mills KH. Hepatitis C virus
non-structural protein 4 suppresses Th1 responses by stimulating IL-10
production from monocytes. Eur J Immunol 2003; 33: 3448-3457
[PMID: 14635055 DOI: 10.1002/eji.200324251]
Rowan AG, Fletcher JM, Ryan EJ, Moran B, Hegarty JE, O'Farrelly
C, Mills KH. Hepatitis C virus-specific Th17 cells are suppressed by
virus-induced TGF-beta. J Immunol 2008; 181: 4485-4494 [PMID:
18802051 DOI: 10.4049/jimmunol.181.7.4485]
Liu BS, Janssen HL, Boonstra A. Type I and III interferons enhance
IL-10R expression on human monocytes and macrophages, resulting
in IL-10-mediated suppression of TLR-induced IL-12. Eur J Immunol
2012; 42: 2431-2440 [PMID: 22685028 DOI: 10.1002/eji.201142360]
Chamoto K, Al-Habsi M, Honjo T. Role of PD-1 in Immunity and
Diseases. Curr Top Microbiol Immunol 2017; 410: 75-97 [PMID:
28929192 DOI: 10.1007/82_2017_67]
Jeong HY, Lee YJ, Seo SK, Lee SW, Park SJ, Lee JN, Sohn HS,
Yao S, Chen L, Choi I. Blocking of monocyte-associated B7-H1
(CD274) enhances HCV-specific T cell immunity in chronic hepatitis
C infection. J Leukoc Biol 2008; 83: 755-764 [PMID: 18086898 DOI:
10.1189/jlb.0307168]
Ma CJ, Ni L, Zhang Y, Zhang CL, Wu XY, Atia AN, Thayer P,
Moorman JP, Yao ZQ. PD-1 negatively regulates interleukin-12
expression by limiting STAT-1 phosphorylation in monocytes/
macrophages during chronic hepatitis C virus infection.
Immunology 2011; 132: 421-431 [PMID: 21091911 DOI: 10.1111/
j.1365-2567.2010.03382.x]
Zhang Y, Ma CJ, Ni L, Zhang CL, Wu XY, Kumaraguru U, Li CF,
Moorman JP, Yao ZQ. Cross-talk between programmed death-1

WJG|www.wjgnet.com

and suppressor of cytokine signaling-1 in inhibition of IL-12
production by monocytes/macrophages in hepatitis C virus infection.
J Immunol 2011; 186: 3093-3103 [PMID: 21263070 DOI: 10.4049/
jimmunol.1002006]
88 Harwood NM, Golden-Mason L, Cheng L, Rosen HR, Mengshol
JA. HCV-infected cells and differentiation increase monocyte
immunoregulatory galectin-9 production. J Leukoc Biol 2016; 99:
495-503 [PMID: 26475932 DOI: 10.1189/jlb.5A1214-582R]
89 Zhang Y, Ma CJ, Wang JM, Ji XJ, Wu XY, Jia ZS, Moorman JP, Yao
ZQ. Tim-3 negatively regulates IL-12 expression by monocytes in
HCV infection. PLoS One 2011; 6: e19664 [PMID: 21637332 DOI:
10.1371/journal.pone.0019664]
90 Yi W, Zhang P, Liang Y, Zhou Y, Shen H, Fan C, Moorman JP, Yao
ZQ, Jia Z, Zhang Y. T-bet-mediated Tim-3 expression dampens
monocyte function during chronic hepatitis C virus infection.
Immunology 2017; 150: 301-311 [PMID: 27809352 DOI: 10.1111/
imm.12686]
91 Wang JM, Shi L, Ma CJ, Ji XJ, Ying RS, Wu XY, Wang KS, Li G,
Moorman JP, Yao ZQ. Differential regulation of interleukin-12 (IL-12)/
IL-23 by Tim-3 drives T(H)17 cell development during hepatitis C
virus infection. J Virol 2013; 87: 4372-4383 [PMID: 23388728 DOI:
10.1128/JVI.03376-12]
92 Kakumu S, Okumura A, Ishikawa T, Iwata K, Yano M, Yoshioka K.
Production of interleukins 10 and 12 by peripheral blood mononuclear
cells (PBMC) in chronic hepatitis C virus (HCV) infection. Clin
Exp Immunol 1997; 108: 138-143 [PMID: 9097922 DOI: 10.1046/
j.1365-2249.1997.d01-987.x]
93 Sène D, Levasseur F, Abel M, Lambert M, Camous X, Hernandez
C, Pène V, Rosenberg AR, Jouvin-Marche E, Marche PN, Cacoub
P, Caillat-Zucman S. Hepatitis C virus (HCV) evades NKG2Ddependent NK cell responses through NS5A-mediated imbalance of
inflammatory cytokines. PLoS Pathog 2010; 6: e1001184 [PMID:
21085608 DOI: 10.1371/journal.ppat.1001184]
94 Mele D, Mantovani S, Oliviero B, Grossi G, Lombardi A, Mondelli
MU, Varchetta S. Monocytes inhibit hepatitis C virus-induced TRAIL
expression on CD56bright NK cells. J Hepatol 2017; 67: 1148-1156
[PMID: 28803951 DOI: 10.1016/j.jhep.2017.07.028]
95 Nishio A, Tatsumi T, Nawa T, Suda T, Yoshioka T, Onishi Y, Aono
S, Shigekawa M, Hikita H, Sakamori R, Okuzaki D, Fukuhara T,
Matsuura Y, Hiramatsu N, Takehara T. CD14+ monocyte-derived
galectin-9 induces natural killer cell cytotoxicity in chronic hepatitis
C. Hepatology 2017; 65: 18-31 [PMID: 27640362 DOI: 10.1002/
hep.28847]
96 Nakamoto Y, Kaneko S, Kobayashi K. Monocyte-dependent cell
death of T lymphocyte subsets in chronic hepatitis C. Immunol
Lett 2001; 78: 169-174 [PMID: 11578691 DOI: 10.1016/
s0165-2478(01)00257-7]
97 Zhang JY, Wu XL, Yang B, Wang Y, Feng GH, Jiang TJ, Zeng QL,
Xu XS, Li YY, Jin L, Lv S, Zhang Z, Fu J, Wang FS. Upregulation of
OX40 ligand on monocytes contributes to early virological control in
patients with chronic hepatitis C. Eur J Immunol 2013; 43: 1953-1962
[PMID: 23589118 DOI: 10.1002/eji.201243097]
98 Zhang S, Saha B, Kodys K, Szabo G. IFN-γ production by human
natural killer cells in response to HCV-infected hepatoma cells is
dependent on accessory cells. J Hepatol 2013; 59: 442-449 [PMID:
23665181 DOI: 10.1016/j.jhep.2013.04.022]
99 Zabaleta A, Riezu-Boj JI, Larrea E, Villanueva L, Lasarte JJ,
Guruceaga E, Fisicaro P, Ezzikouri S, Missale G, Ferrari C, Benjelloun
S, Prieto J, Sarobe P. Gene expression analysis during acute hepatitis C
virus infection associates dendritic cell activation with viral clearance.
J Med Virol 2016; 88: 843-851 [PMID: 26447929 DOI: 10.1002/
jmv.24399]
100 Bain C, Fatmi A, Zoulim F, Zarski JP, Trépo C, Inchauspé G.
Impaired allostimulatory function of dendritic cells in chronic hepatitis
C infection. Gastroenterology 2001; 120: 512-524 [PMID: 11159892
DOI: 10.1053/gast.2001.21212]
101 Ryan EJ, Stevenson NJ, Hegarty JE, O'Farrelly C. Chronic hepatitis
C infection blocks the ability of dendritic cells to secrete IFN-α and
stimulate T-cell proliferation. J Viral Hepat 2011; 18: 840-851 [PMID:
22093032 DOI: 10.1111/j.1365-2893.2010.01384.x]

4971

November 28, 2018|Volume 24|Issue 44|

Yang Y et al . MPS in HCV infection
102 Kanto T, Hayashi N, Takehara T, Tatsumi T, Kuzushita N, Ito A,
Sasaki Y, Kasahara A, Hori M. Impaired allostimulatory capacity
of peripheral blood dendritic cells recovered from hepatitis C virusinfected individuals. J Immunol 1999; 162: 5584-5591 [PMID:
10228041]
103 Auffermann-Gretzinger S, Keeffe EB, Levy S. Impaired dendritic
cell maturation in patients with chronic, but not resolved, hepatitis C
virus infection. Blood 2001; 97: 3171-3176 [PMID: 11342445 DOI:
10.1182/blood.v97.10.3171]
104 Sarobe P, Lasarte JJ, Casares N, López-Díaz de Cerio A, Baixeras
E, Labarga P, García N, Borrás-Cuesta F, Prieto J. Abnormal priming
of CD4(+) T cells by dendritic cells expressing hepatitis C virus core
and E1 proteins. J Virol 2002; 76: 5062-5070 [PMID: 11967322 DOI:
10.1128/jvi.76.10.5062-5070.2002]
105 Tsubouchi E, Akbar SM, Horiike N, Onji M. Infection and
dysfunction of circulating blood dendritic cells and their subsets in
chronic hepatitis C virus infection. J Gastroenterol 2004; 39: 754-762
[PMID: 15338369 DOI: 10.1007/s00535-003-1385-3]
106 Wertheimer AM, Bakke A, Rosen HR. Direct enumeration and
functional assessment of circulating dendritic cells in patients with
liver disease. Hepatology 2004; 40: 335-345 [PMID: 15368438 DOI:
10.1002/hep.20306]
107 Averill L, Lee WM, Karandikar NJ. Differential dysfunction in
dendritic cell subsets during chronic HCV infection. Clin Immunol
2007; 123: 40-49 [PMID: 17239662 DOI: 10.1016/j.clim.2006.12.001]
108 Della Bella S, Crosignani A, Riva A, Presicce P, Benetti A, Longhi
R, Podda M, Villa ML. Decrease and dysfunction of dendritic
cells correlate with impaired hepatitis C virus-specific CD4+
T-cell proliferation in patients with hepatitis C virus infection.
Immunology 2007; 121: 283-292 [PMID: 17462079 DOI: 10.1111/
j.1365-2567.2007.02577.x]
109 Mengshol JA, Golden-Mason L, Castelblanco N, Im KA, Dillon
SM, Wilson CC, Rosen HR; Virahep-C Study Group. Impaired
plasmacytoid dendritic cell maturation and differential chemotaxis
in chronic hepatitis C virus: associations with antiviral treatment
outcomes. Gut 2009; 58: 964-973 [PMID: 19193669 DOI: 10.1136/
gut.2008.168948]
110 Kanto T, Inoue M, Miyatake H, Sato A, Sakakibara M, Yakushijin
T, Oki C, Itose I, Hiramatsu N, Takehara T, Kasahara A, Hayashi N.
Reduced numbers and impaired ability of myeloid and plasmacytoid
dendritic cells to polarize T helper cells in chronic hepatitis C virus
infection. J Infect Dis 2004; 190: 1919-1926 [PMID: 15529255 DOI:
10.1086/425425]
111 Schulz S, Landi A, Garg R, Wilson JA, van Drunen Littel-van den
Hurk S. Indolamine 2,3-dioxygenase expression by monocytes and
dendritic cell populations in hepatitis C patients. Clin Exp Immunol
2015; 180: 484-498 [PMID: 25605587 DOI: 10.1111/cei.12586]
112 Lai WK, Curbishley SM, Goddard S, Alabraba E, Shaw J, Youster J,
McKeating J, Adams DH. Hepatitis C is associated with perturbation
of intrahepatic myeloid and plasmacytoid dendritic cell function.
J Hepatol 2007; 47: 338-347 [PMID: 17467113 DOI: 10.1016/
j.jhep.2007.03.024]
113 Langhans B, Kupfer B, Braunschweiger I, Arndt S, Schulte W,
Nischalke HD, Nattermann J, Oldenburg J, Sauerbruch T, Spengler
U. Interferon-lambda serum levels in hepatitis C. J Hepatol 2011; 54:
859-865 [PMID: 21145813 DOI: 10.1016/j.jhep.2010.08.020]
114 Ciesek S, Liermann H, Hadem J, Greten T, Tillmann HL, Cornberg
M, Aslan N, Manns MP, Wedemeyer H. Impaired TRAIL-dependent
cytotoxicity of CD1c-positive dendritic cells in chronic hepatitis C
virus infection. J Viral Hepat2008; 15: 200-211 [PMID: 18233993
DOI: 10.1111/j.1365-2893.2007.00930.x]
115 Zhao L, Tyrrell DL. Myeloid dendritic cells can kill T cells during
chronic hepatitis C virus infection. Viral Immunol 2013; 26: 25-39
[PMID: 23374153 DOI: 10.1089/vim.2012.0058]
116 Fouad H, Raziky MS, Aziz RA, Sabry D, Aziz GM, Ewais M, Sayed
AR. Dendritic cell co-stimulatory and co-inhibitory markers in chronic
HCV: an Egyptian study. World J Gastroenterol 2013; 19: 7711-7718
[PMID: 24282359 DOI: 10.3748/wjg.v19.i43.7711]
117 Shen T, Chen X, Chen Y, Xu Q, Lu F, Liu S. Increased PD-L1
expression and PD-L1/CD86 ratio on dendritic cells were associated

WJG|www.wjgnet.com

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

4972

with impaired dendritic cells function in HCV infection. J Med Virol
2010; 82: 1152-1159 [PMID: 20513078 DOI: 10.1002/jmv.21809]
Krishnadas DK, Ahn JS, Han J, Kumar R, Agrawal B.
Immunomodulation by hepatitis C virus-derived proteins: targeting
human dendritic cells by multiple mechanisms. Int Immunol 2010; 22:
491-502 [PMID: 20410260 DOI: 10.1093/intimm/dxq033]
Waggoner SN, Hall CH, Hahn YS. HCV core protein interaction
with gC1q receptor inhibits Th1 differentiation of CD4+ T cells via
suppression of dendritic cell IL-12 production. J Leukoc Biol 2007;
82: 1407-1419 [PMID: 17881511 DOI: 10.1189/jlb.0507268]
Nattermann J, Zimmermann H, Iwan A, von Lilienfeld-Toal M,
Leifeld L, Nischalke HD, Langhans B, Sauerbruch T, Spengler U.
Hepatitis C virus E2 and CD81 interaction may be associated with
altered trafficking of dendritic cells in chronic hepatitis C. Hepatology
2006; 44: 945-954 [PMID: 17006905 DOI: 10.1002/hep.21350]
Tu Z, Zhang P, Li H, Niu J, Jin X, Su L. Cross-linking of CD81 by
HCV-E2 protein inhibits human intrahepatic plasmacytoid dendritic
cells response to CpG-ODN. Cell Immunol 2013; 284: 98-103 [PMID:
23954883 DOI: 10.1016/j.cellimm.2013.07.012]
Takaki A, Tatsukawa M, Iwasaki Y, Koike K, Noguchi Y, Shiraha
H, Sakaguchi K, Nakayama E, Yamamoto K. Hepatitis C virus NS4
protein impairs the Th1 polarization of immature dendritic cells. J
Viral Hepat 2010; 17: 555-562 [PMID: 19804500 DOI: 10.1111/
j.1365-2893.2009.01213.x]
Wertheimer AM, Polyak SJ, Leistikow R, Rosen HR. Engulfment
of apoptotic cells expressing HCV proteins leads to differential
chemokine expression and STAT signaling in human dendritic cells.
Hepatology 2007; 45: 1422-1432 [PMID: 17538964 DOI: 10.1002/
hep.21637]
Larsson M, Babcock E, Grakoui A, Shoukry N, Lauer G, Rice C,
Walker C, Bhardwaj N. Lack of phenotypic and functional impairment
in dendritic cells from chimpanzees chronically infected with hepatitis
C virus. J Virol 2004; 78: 6151-6161 [PMID: 15163708 DOI: 10.1128/
jvi.78.12.6151-6161.2004]
Longman RS, Talal AH, Jacobson IM, Albert ML, Rice CM.
Presence of functional dendritic cells in patients chronically infected
with hepatitis C virus. Blood 2004; 103: 1026-1029 [PMID: 14525790
DOI: 10.1182/blood-2003-04-1339]
Longman RS, Talal AH, Jacobson IM, Rice CM, Albert ML. Normal
functional capacity in circulating myeloid and plasmacytoid dendritic
cells in patients with chronic hepatitis C. J Infect Dis 2005; 192:
497-503 [PMID: 15995965 DOI: 10.1086/431523]
Piccioli D, Tavarini S, Nuti S, Colombatto P, Brunetto M, Bonino
F, Ciccorossi P, Zorat F, Pozzato G, Comar C, Abrignani S, Wack
A. Comparable functions of plasmacytoid and monocyte-derived
dendritic cells in chronic hepatitis C patients and healthy donors.
J Hepatol 2005; 42: 61-67 [PMID: 15629508 DOI: 10.1016/
j.jhep.2004.09.014]
Barnes E, Salio M, Cerundolo V, Francesco L, Pardoll D, Klenerman
P, Cox A. Monocyte derived dendritic cells retain their functional
capacity in patients following infection with hepatitis C virus. J
Viral Hepat 2008; 15: 219-228 [PMID: 18194173 DOI: 10.1111/
j.1365-2893.2007.00934.x]
Khakoo SI, Soni PN, Savage K, Brown D, Dhillon AP, Poulter LW,
Dusheiko GM. Lymphocyte and macrophage phenotypes in chronic
hepatitis C infection. Correlation with disease activity. Am J Pathol
1997; 150: 963-970 [PMID: 9060834]
Tan-Garcia A, Wai LE, Zheng D, Ceccarello E, Jo J, Banu N,
Khakpoor A, Chia A, Tham CYL, Tan AT, Hong M, Keng CT,
Rivino L, Tan KC, Lee KH, Lim SG, Newell EW, Pavelka N, Chen J,
Ginhoux F, Chen Q, Bertoletti A, Dutertre CA. Intrahepatic CD206+
macrophages contribute to inflammation in advanced viral-related
liver disease. J Hepatol 2017; 67: 490-500 [PMID: 28483682 DOI:
10.1016/j.jhep.2017.04.023]
McGuinness PH, Painter D, Davies S, McCaughan GW. Increases
in intrahepatic CD68 positive cells, MAC387 positive cells, and
proinflammatory cytokines (particularly interleukin 18) in chronic
hepatitis C infection. Gut 2000; 46: 260-269 [PMID: 10644323 DOI:
10.1136/gut.46.2.260]
Tordjmann T, Soulie A, Guettier C, Schmidt M, Berthou C,

November 28, 2018|Volume 24|Issue 44|

Yang Y et al . MPS in HCV infection

133

134

135
136

137
138

139

140

141

142

143

Beaugrand M, Sasportes M. Perforin and granzyme B lytic protein
expression during chronic viral and autoimmune hepatitis. Liver
1998; 18: 391-397 [PMID: 9869393 DOI: 10.1111/j.1600-0676.1998.
tb00823.x]
Tu Z, Pierce RH, Kurtis J, Kuroki Y, Crispe IN, Orloff MS. Hepatitis
C virus core protein subverts the antiviral activities of human Kupffer
cells. Gastroenterology 2010; 138: 305-314 [PMID: 19769973 DOI:
10.1053/j.gastro.2009.09.009]
Zhu H, Liu C. Interleukin-1 inhibits hepatitis C virus subgenomic
RNA replication by activation of extracellular regulated kinase
pathway. J Virol 2003; 77: 5493-5498 [PMID: 12692250 DOI:
10.1128/jvi.77.9.5493-5498.2003]
Zhu H, Shang X, Terada N, Liu C. STAT3 induces anti-hepatitis C
viral activity in liver cells. Biochem Biophys Res Commun 2004; 324:
518-528 [PMID: 15474458 DOI: 10.1016/j.bbrc.2004.09.081]
Broering R, Wu J, Meng Z, Hilgard P, Lu M, Trippler M, Szczeponek
A, Gerken G, Schlaak JF. Toll-like receptor-stimulated nonparenchymal liver cells can regulate hepatitis C virus replication.
J Hepatol 2008; 48: 914-922 [PMID: 18362039 DOI: 10.1016/
j.jhep.2008.01.028]
Ju C, Tacke F. Hepatic macrophages in homeostasis and liver diseases:
from pathogenesis to novel therapeutic strategies. Cell Mol Immunol
2016; 13: 316-327 [PMID: 26908374 DOI: 10.1038/cmi.2015.104]
Mengshol JA, Golden-Mason L, Arikawa T, Smith M, Niki
T, McWilliams R, Randall JA, McMahan R, Zimmerman MA,
Rangachari M, Dobrinskikh E, Busson P, Polyak SJ, Hirashima
M, Rosen HR. A crucial role for Kupffer cell-derived galectin-9
in regulation of T cell immunity in hepatitis C infection. PLoS
One 2010; 5: e9504 [PMID: 20209097 DOI: 10.1371/journal.
pone.0009504]
Sandler NG, Koh C, Roque A, Eccleston JL, Siegel RB, Demino
M, Kleiner DE, Deeks SG, Liang TJ, Heller T, Douek DC. Host
response to translocated microbial products predicts outcomes of
patients with HBV or HCV infection. Gastroenterology 2011; 141:
1220-1230, 1230.e1-1230.e3 [PMID: 21726511 DOI: 10.1053/
j.gastro.2011.06.063]
Burgio VL, Ballardini G, Artini M, Caratozzolo M, Bianchi FB,
Levrero M. Expression of co-stimulatory molecules by Kupffer cells
in chronic hepatitis of hepatitis C virus etiology. Hepatology 1998; 27:
1600-1606 [PMID: 9620333 DOI: 10.1002/hep.510270620]
Kwon YC, Meyer K, Peng G, Chatterjee S, Hoft DF, Ray R. Hepatitis
C virus E2 envelope glycoprotein induces an immunoregulatory
phenotype in macrophages. Hepatology 2018; Epub ahead of print
[PMID: 29443378 DOI: 10.1002/hep.29843]
Zhang Q, Wang Y, Zhai N, Song H, Li H, Yang Y, Li T, Guo X, Chi B,
Niu J, Crispe IN, Su L, Tu Z. HCV core protein inhibits polarization
and activity of both M1 and M2 macrophages through the TLR2
signaling pathway. Sci Rep 2016; 6: 36160 [PMID: 27786268 DOI:
10.1038/srep36160]
Hosomura N, Kono H, Tsuchiya M, Ishii K, Ogiku M, Matsuda

144

145
146

147

148

149

150

151

152

153

M, Fujii H. HCV-related proteins activate Kupffer cells isolated
from human liver tissues. Dig Dis Sci 2011; 56: 1057-1064 [PMID:
20848204 DOI: 10.1007/s10620-010-1395-y]
Fletcher NF, Sutaria R, Jo J, Barnes A, Blahova M, Meredith LW,
Cosset FL, Curbishley SM, Adams DH, Bertoletti A, McKeating JA.
Activated macrophages promote hepatitis C virus entry in a tumor
necrosis factor-dependent manner. Hepatology 2014; 59: 1320-1330
[PMID: 24259385 DOI: 10.1002/hep.26911]
Wallace K, Burt AD, Wright MC. Liver fibrosis. Biochem J 2008;
411: 1-18 [PMID: 18333835 DOI: 10.1042/BJ20071570]
Mancini R, Benedetti A, Jezequel AM. An interleukin-1 receptor
antagonist decreases fibrosis induced by dimethylnitrosamine in
rat liver. Virchows Arch 1994; 424: 25-31 [PMID: 7981900 DOI:
10.1007/bf00197389]
Tiggelman AM, Boers W, Linthorst C, Sala M, Chamuleau RA.
Collagen synthesis by human liver (myo)fibroblasts in culture:
evidence for a regulatory role of IL-1 beta, IL-4, TGF beta and IFN
gamma. J Hepatol 1995; 23: 307-317 [PMID: 8550995 DOI: 10.1016/
0168-8278(95)80475-7]
Han YP, Zhou L, Wang J, Xiong S, Garner WL, French SW,
Tsukamoto H. Essential role of matrix metalloproteinases in
interleukin-1-induced myofibroblastic activation of hepatic stellate cell
in collagen. J Biol Chem 2004; 279: 4820-4828 [PMID: 14617627
DOI: 10.1074/jbc.M310999200]
Simeonova PP, Gallucci RM, Hulderman T, Wilson R, Kommineni
C, Rao M, Luster MI. The role of tumor necrosis factor-alpha in liver
toxicity, inflammation, and fibrosis induced by carbon tetrachloride.
Toxicol Appl Pharmacol 2001; 177: 112-120 [PMID: 11740910 DOI:
10.1006/taap.2001.9304]
Sasaki R, Devhare PB, Steele R, Ray R, Ray RB. Hepatitis C virusinduced CCL5 secretion from macrophages activates hepatic stellate
cells. Hepatology 2017; 66: 746-757 [PMID: 28318046 DOI: 10.1002/
hep.29170]
Preisser L, Miot C, Le Guillou-Guillemette H, Beaumont E, Foucher
ED, Garo E, Blanchard S, Frémaux I, Croué A, Fouchard I, LunelFabiani F, Boursier J, Roingeard P, Calès P, Delneste Y, Jeannin P.
IL-34 and macrophage colony-stimulating factor are overexpressed
in hepatitis C virus fibrosis and induce profibrotic macrophages that
promote collagen synthesis by hepatic stellate cells. Hepatology 2014;
60: 1879-1890 [PMID: 25066464 DOI: 10.1002/hep.27328]
Uwatoku R, Suematsu M, Ezaki T, Saiki T, Tsuiji M, Irimura T,
Kawada N, Suganuma T, Naito M, Ando M, Matsuno K. Kupffer
cell-mediated recruitment of rat dendritic cells to the liver: roles of
N-acetylgalactosamine-specific sugar receptors. Gastroenterology 2001;
121: 1460-1472 [PMID: 11729125 DOI: 10.1053/gast.2001.29594]
Dolganiuc A, Chang S, Kodys K, Mandrekar P, Bakis G, Cormier M,
Szabo G. Hepatitis C virus (HCV) core protein-induced, monocytemediated mechanisms of reduced IFN-alpha and plasmacytoid
dendritic cell loss in chronic HCV infection. J Immunol 2006; 177:
6758-6768 [PMID: 17082589 DOI: 10.4049/jimmunol.177.10.6758]
P- Reviewer: Boonstra A, Larrea S- Editor: Ma RY
L- Editor: Wang TQ E- Editor: Yin SY

WJG|www.wjgnet.com

4973

November 28, 2018|Volume 24|Issue 44|

World J Gastroenterol 2018 November 28; 24(44): 4974-4978

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i44.4974

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

MINIREVIEWS

Learning curves in minimally invasive esophagectomy
Frans van Workum, Laura Fransen, Misha DP Luyer, Camiel Rosman

Abstract

Frans van Workum, Camiel Rosman, Department of Surgery,
Radboud University Medical Center, Nijmegen 6500 HB,
Netherlands

Surgical innovation and pioneering are important for
improving patient outcome, but can be associated with
learning curves. Although learning curves in surgery are
a recognized problem, the impact of surgical learning
curves is increasing, due to increasing complexity of
innovative surgical procedures, the rapid rate at which
new interventions are implemented and a decrease in
relative effectiveness of new interventions compared to
old interventions. For minimally invasive esophagectomy
(MIE), there is now robust evidence that implementation
can lead to significant learning associated morbidity
(morbidity during a learning curve, that could have been
avoided if patients were operated by surgeons that have
completed the learning curve). This article provides an
overview of the evidence of the impact of learning curves
after implementation of MIE. In addition, caveats for
implementation and available evidence regarding factors
that are important for safe implementation and safe
pioneering of MIE are discussed.
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Core tip: Surgical innovation and pioneering are im
portant for improving patient outcome, but can be as
sociated with learning curves. The impact of surgical
learning curves is increasing, due to increasing comple
xity of innovative surgical procedures and the rapid rate
at which new interventions are implemented. Learning
curves of minimally invasive esophagectomy can take
years to complete and evidence based training and safe
implementation programs are paramount to decrease
implementation associated morbidity.
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are always searching for the best way to treat their
patients and innovation is needed to further improve
surgical care, implementation of technically challenging
procedures may come at a price.

INTRODUCTION

LEARNING CURVES OF MINIMALLY
INVASIVE ESOPHAGECTOMY

A surgical learning curve is a phase after implementation
of a new procedure, that is characterized by improving
performance as experience with the new procedure
[1,2]
increases . Learning curves were first described in
[3]
aviation and manufacturing science . but it has become
[1,4,5]
a widely used concept in medicine and surgery
.
Although surgical innovation is necessary to improve
care, it is important to take surgical learning curves into
account since they have been associated with a nega
[6-8]
tive impact on patient outcome .

For esophagectomy, beneficial effects of minimally inva
[13,14,16]
sive surgery have been well documented
. How
ever, extensive learning curve effects of minimally inva
sive esophagectomy(MIE) have also been described.
Earlier MIE learning curve studies have focused on
outcome parameters directly related to the procedure
[17-19]
itself, such as blood loss and operative time
. More
recently however, the effect of learning curves on clini
cally relevant outcome measures has been established
[8]
[6]
[7]
for anastomotic leakage , mortality , and survival .
Learning associated morbidity (morbidity during a lear
ning curve, that could have been avoided if patients
were operated by surgeons that have completed the
[8]
learning curve) is now a recognized problem, since
there is accumulating data that learning curves have
significant impact on critical outcome parameters. Des
pite beneficial results of MIE compared to older tech
niques, this implicates that there is significant room for
improvement regarding patient safety during surgical
learning curves. However, it can take years to become
proficient in MIE with low postoperative morbidity and
possibly the impact of learning associated morbidity is
greater than the direct benefit of MIE compared to open
[6,8,13,14]
esophagectomy during the learning curve phase
.
This puts the effectiveness of recent innovations into
perspective and exposes the importance of ensuring
safety during learning curves. In addition, the evidence
of the impact of learning curves and learning associated
morbidity comes with the opportunity and obligation to
determine what factors contribute to safer implemen
tation and to investigate how to shorten the learning
curve and decrease learning associated morbidity. It
might be hypothesized that this type of research is
more beneficial to patients than research into new in
novations in the current time.
Another important consideration is that it is plausible
that various types of MIE with different levels of com
plexity (i.e., transhiatal, transthoracic with cervical
anastomosis and transthoracic with intrathoracic ana
stomosis), have different learning curves. Although
these differences have not been exposed clearly in
studies, it is likely that they result in differences in lear
ning associated morbidity. This may also be true for
hybrid MIE, in which either the thoracic or abdominal
phase is performed by open surgery. For example, by
performing an open intrathoracic anastomosis instead
of a thoracoscopic anastomosis, a surgeon can omit per
forming the most important and complex part of the pro
cedure in a technically more demanding, thoracoscopic
fashion. This may shorten the learning curve and reduce

An emerging problem of ongoing surgical innovation

Surgeons are aware of the existence of learning curves,
the beneficial effects of “learning before doing” and the
importance of safely implementing new surgical pro
cedures. However, ongoing surgical innovation is presen
ting new challenges regarding surgical learning curves,
since new interventions are associated with increasing
surgical complexity and decreasing relative effectiveness
compared to older procedures.
For example, when the tension-free mesh repair
was introduced for inguinal hernias, this lead to a drama
tically lower incidence of hernia recurrence compared to
[9,10]
conventional non-mesh repairs
. The large difference
in relative effectiveness and the limited complexity (asso
ciated with short learning curves) of tension-free mesh
repair surgery contributed to making the learning curve
insignificant for this procedure (Figure 1A). However,
surgical procedures that are currently implemented are
[4,11]
of a higher complexity
, are associated with longer
learning curves, and the new procedures have a much
lower relative effectiveness benefit compared to the old
procedures (Figure 1B). For example, trials comparing
laparoscopic vs open gastrointestinal procedures have
shown more modest improvements in outcome for pa
[12-14]
tients
and the difference in relative effectiveness is
even smaller in trials comparing robotic vs laparoscopic
[15]
procedures .
These developments have contributed to the situ
ation in which the clinical effectiveness of a new surgical
procedure has become more dependent on the delivery
of the treatment. In addition, new interventions are
implemented at an increasing rate, driven by the pa
tient’s increasing expectation to be operated by the
newest, most technically challenging, minimally invasive
[11]
procedures . Together, these factors have contributed
to the situation in which learning curves have become
more important in contemporary surgical practice. The
impact of learning curves is likely to become even more
significant for patient outcome in the near future, as sur
gical innovation progresses further. Although surgeons
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A

B
Effectiveness
change point

change point
Regular technique
Stable incidence
Innovative technique
Incidence decreases until
end of learning curve

Incidence of morbidity

Incidence of morbidity

Effectiveness

Regular technique
Stable incidence
Innovative technique
Incidence decreases until
end of learning curve

Time

Time

Figure 1 Scenarios in which the differences in the impact that learning curves can have on the effectiveness of an innovative intervention is described.
A: Learning curves can be neglected in case of a short learning curve and large difference in relative effectiveness between the regular technique and the innovative
technique. B: If the learning curve of an innovative technique is substantial and the difference in relative effectiveness is small, learning curves can have a large
impact on when an innovative technique becomes effective.

Safe implementation of MIE

learning associated morbidity, but no studies have
been published that support this hypothesis. Together
with data from studies comparing the effectiveness
of different approaches of MIE, data on differences
in learning curves can be used by clinicians to decide
which approach is best to implement in their practice.

For MIE, fundamental items of a safe implementation
[25]
program have been established by expert opinion .
However, although all fundamental requirements of safe
implementation were met, our group of 4 European
expert centers found a significant learning curve effect
after implementation of MIE: anastomotic leakage
[8]
decreased from 28.9% to well below 5% . Thirtysix patients (10.1% of all patients operated during the
learning curve that took a mean of 119 cases to com
plete) experienced learning associated anastomotic lea
kage. The fact that significant learning associated ana
stomotic leakage occurred underlines the need for more
research regarding safe implementation.
However, these data should be interpreted with care.
Although learning associated morbidity was high in this
study, centers switched anastomotic techniques from
a cervical anastomosis (McKeown) to an intrathoracic
anastomosis (Ivor Lewis) and the incidence of ana
stomotic leakage did not change initially, since it was
already higher in patients with a cervical anastomosis.
Therefore, it did not seem unethical to proceed with
implementation of Ivor Lewis TMIE in these centers at
that time. These data also show that innovation can
ultimately be associated with a favorable outcome,
since the national incidence of intrathoracic anastomotic
leakage was around 17% in the Netherlands at the
[26]
time the study was performed . In our opinion, some
learning associated morbidity is inevitable and in ge
neral, this can be justified if morbidity during learning
curves does not exceed the morbidity associated with
the old procedure. However, shortening learning curves
and reducing learning associated morbidity remain
important goals that can be beneficial to a significant
number of patients.

SAFE IMPLEMENTATION PROGRAMS
Implementation of increasingly complex innovative
procedures require increasingly effective and safe imple
mentation programs to prevent learning associated
morbidity. Standardized training programs have been
[20-22]
described to be effective for surgical procedures
.
Although the implementation of a new, technically chal
lenging surgical procedure probably requires a multi
disciplinary and multifaceted approach, there is currently
very little robust evidence on how an implementation
program should be designed and what factors make
[23]
them effective . In addition, the effectiveness of in
terventions aimed at safer implementation has not
been adequately compared to implementation without
these interventions. For example, proctorship is widely
used to shorten the learning curve and ensure safe im
plementation of a new technique, but to the best of our
knowledge, it’s effectiveness has not been compared to
implementation without a proctor.
Research that focuses on identification of factors that
are associated with shorter learning curves and lower
learning associated morbidity is important. Recently, we
investigated whether surgeon age and surgeon volume
were associated with the length of learning curves in
patients undergoing open esophagectomy using a Swe
[24]
dish national esophagectomy registry . In this study,
younger surgeons and higher volume surgeons had
shorter learning curves compared to older surgeons
and lower volume surgeons. Although this study has its
limitations, this is the first evidence that suggests that
selecting surgeons and training them in high volume
facilities may be beneficial to patients and enable safer
implementation.

WJG|www.wjgnet.com

PIONEERING
For surgeons, pioneering with new procedures, proper
training of the surgical team prior to implementation
of a new procedure may not be possible. Pioneering
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surgeons should describe the development and refine
ment of new procedures according to the Idea, Devel
opment, Exploration, Assessment, Long-term moni
[27]
toring (IDEAL) framework . According to the IDEAL
framework, surgical innovation starts with the Idea
(IDEAL stageⅠ) in which proof of concept and feasibility
are investigated. In the Development (IDEAL stage
Ⅱ a) and Exploration (IDEAL stage Ⅱ b) stages, the
procedure is developed and refined. Innovations are
compared to old techniques in the Assessment (IDEAL
stage 3) and Long-term study (IDEAL stage IV) phases
regarding short- and long-term outcome. IDEAL stage
Ⅲ and Ⅳ are further characterized by a stable surgical
technique and the development of standardized training
programs that can be followed by other surgeons. It
is plausible that surgeons that start pioneering new
techniques (i.e. implement innovations in IDEAL stage
Ⅱa or Ⅱb) have longer learning curves that are asso
ciated with more learning associated morbidity than
surgeons that implement innovations after the surgical
technique has been refined.
However, it is currently not uncommon for contem
porary surgeons to implement surgical procedures in
IDEAL stage Ⅱa or Ⅱb. The patient’s desire to be operated
by the newest procedures and the surgeon’s desire to
offer the newest surgical innovations may contribute
to a surgeon’s decision to pioneer with procedures of
which it has not yet been determined how to optimally
perform key steps or to implement procedures of which
the relative effectiveness has not been established
adequately and no standardized training programs
exist.
Although pioneering surgeons are the cornerstone
of surgical progress and their innovations have led to be
neficial outcomes for numerous patients, it has become
apparent that pioneering with technically challenging
procedures can be hazardous. Although currently no
guidelines exist, pioneering should probably be reserved
for the absolute experts in the field with extensive ex
perience of similar procedures. A solid outcome regis
tration and regular multidisciplinary outcome meetings
in which the results and refinements of the new proce
dure are discussed may contribute to safer pioneering,
but consensus is lacking.
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CONCLUSION
Although surgical innovation is important in improving
patient outcome, the problem of learning curves and
learning associated morbidity is increasing with ongoing
surgical innovation and increasing complexity of newly
implemented procedures. More insight in amendable
factors determining the efficiency of surgical learning
and safe implementation programs may increase pa
tient safety and lead to better outcomes in the current
surgical era.
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Glutathione (GSH) is a tripeptide that constitutes one of
the main intracellular reducing compounds. The normal
content of GSH in the intestine is essential to optimize
2+
the intestinal Ca absorption. The use of GSH depleting
drugs such as DL-buthionine-S,R-sulfoximine, menadione
or vitamin K3, sodium deoxycholate or diets enriched in
fructose, which induce several features of the metabolic
2+
syndrome, produce inhibition of the intestinal Ca ab
sorption. The GSH depleting drugs switch the redox
state towards an oxidant condition provoking oxida
tive/nitrosative stress and inflammation, which lead to
apoptosis and/or autophagy of the enterocytes. Either
2+
2+
the transcellular Ca transport or the paracellular Ca
route are altered by GSH depleting drugs. The gene
and/or protein expression of transporters involved in the
2+
transcellular Ca pathway are decreased. The flavonoids
quercetin and naringin highly abrogate the inhibition of
2+
intestinal Ca absorption, not only by restoration of the
GSH levels in the intestine but also by their anti-apoptotic
properties. Ursodeoxycholic acid, melatonin and glutamine
2+
also block the inhibition of Ca transport caused by GSH
depleting drugs. The use of any of these antioxidants to
2+
ameliorate the intestinal Ca absorption under oxidant
conditions associated with different pathologies in humans
requires more investigation with regards to the safety,
pharmacokinetics and pharmacodynamics of them.
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Ca absorption was decreased, the bone mineralization
[10]
is inhibited and bone fractures were increased . Thus,
2+
intestinal VDR is not only essential for intestinal Ca
absorption, but also for bone formation.
2+
As previously reported, the transcellular Ca move
ment involves the participation of transient receptor
potential vanilloid type 6 (TRPV6) and transient receptor
potential vanilloid type 5 in the step across the brush
border membrane from enterocytes, calbindin D9k (CB
D9k) as a ferry from one pole to the other pole of the cells
2+
and the plasma membrane Ca -ATPase (PMCA1b) and
+
2+
[11]
the Na /Ca exchanger (NCX1) for cation extrusion .
2+
The molecules involved in the paracellular Ca move
ment are not completely known, but there is certain evi
dence that the proteins of the TJ such as claudin-2 and
2+
[12,13]
claudin-12 facilitate the Ca transport
. In contrast,
either gene or protein expression of cadherin-17 are
decreased in mice´s and rat´s intestines during low Ca
[14]
intake , as well as in Caco-2 cells after treatment with
[15]
calcitriol .
2+
When Ca intake is low, the cation entry occurs
through the transcellular pathway; whereas high luminal
2+
Ca content (> 2-6 mmol/L) switches on the paracellular
route due to a short sojourn time in the intestine and a
down-regulation of molecules involved in the transcellular
[16,17]
pathway
. The expression of paracellular TJ genes
seems to be regulated by the calbindin protein, which
2+
suggests that the active and passive Ca transport path
[18]
ways may work cooperatively . A reduction in more
2+
than 70% in the active intestinal Ca absorption, 55%
in CB D9k expression and 90% in TRPV6 expression was
[19]
observed in VDR null mice .
Although calcitriol is the main regulator of intestinal
2+
Ca absorption, other hormones also contribute to alte
ring this process as parathyroid hormone, glucocorticoids,
estrogen, growth hormone, etc. In addition, many
dietary and pharmacological compounds also modify
2+
[20]
the intestinal Ca transport . We have demonstrated
that the normal content of the tripeptide glutathione
(GSH) in enterocytes is essential for an optimal intestinal
2+
Ca absorption, which was proved either in birds or in
[21,22]
mammals
. GSH depletion produced by different
ways generates a low GSH/glutathione disulfide (GSSG)
ratio leading to oxidative stress and apoptosis of entero
cytes by exacerbation of reactive oxygen species (ROS)
[23]
[24]
production . Clausen et al have reported that GSH
plays an important role in the opening of the TJ of intes
tinal epithelia enhancing the paracellular transport. In this
review we will analyze the role of GSH in the intestine,
the molecular mechanisms by which GSH depleting
2+
drugs inhibit the intestinal Ca absorption and the
prevention or restoration of these effects by drugs that
act through normalization of intestinal GSH content.

Core tip: The normal content of glutathione (GSH) in
2+
the intestine is essential to optimize the intestinal Ca
absorption. The use of GSH depleting drugs such as DLbuthionine-S,R-sulfoximine, menadione or vitamin K3,
sodium deoxycholate or diets enriched in fructose, which
induce several features of the metabolic syndrome, pro
2+
duce inhibition of the intestinal Ca absorption. The flavo
noids quercetin and naringin highly abrogate the inhibition
2+
of intestinal Ca absorption, not only by restoration of the
GSH levels in the intestine but also by their anti-apoptotic
properties. Ursodeoxycholic acid, melatonin and glutamine
2+
also block the inhibition of Ca transport caused by GSH
depleting drugs.
Moine L, Rivoira M, Díaz de Barboza G, Pérez A, Tolosa de
Talamoni N. Glutathione depleting drugs, antioxidants and
intestinal calcium absorption. World J Gastroenterol 2018;
24(44): 4979-4988 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i44/4979.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i44.4979

INTRODUCTION
2+

Ca absorption is one of the most important intestinal
functions since the intestine is the only entrance gate
of the cation into the body. This physiological process
2+
together with the renal Ca reabsorption and the bone
2+
2+
Ca resorption maintain the Ca homeostasis. An ap
2+
propriate Ca homeostasis preserves bone integrity,
metabolic balance and avoids epithelial cancers such as
[1-3]
breast, colon and prostate cancer . A poor intestine
absorption caused by infection, inflammation or a pa
thology in the intestine morphology may cause an ad
2+
[4]
verse Ca balance , which under chronic conditions
leads to a deleterious bone mineralization. The intestinal
2+
Ca absorption occurs along the entire intestine, but the
small intestine is responsible for about 90% of overall
2+
2+
Ca absorption, and the order of Ca absorption rate
is duodenum > jejunum > ileum. The colon is only re
2+
sponsible for less than 10% of the total Ca absorbed,
but it appears to become important under pathological
[5]
conditions .
2+
Ca is absorbed in the intestine by active and
2+
passive transport systems. The transcellular Ca ab
sorption is an active process and occurs via cation
influx into the enterocyte, intracellular shuttling, and
[6]
2+
basolateral extrusion . Ca absorption can also occur
via a passive, paracellular route, where the movement
of the cation between epithelial cells is made through
tight junction (TJ) proteins, which facilitate or block the
2+
[7]
2+
Ca movement . The active transport of Ca is mainly
regulated by the biologically active form of vitamin D,
[8]
1,25(OH)2D3 (calcitriol) , by previous activation of a
[9]
vitamin D receptor (VDR) . When VDR was deleted
intspecifically in the intestine (VDR ) of mice, the intestinal
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GSH SYNTHESIS AND ITS
PHYSIOLOGICAL ROLE IN THE INTESTINE
The intestinal mucosa comprises the surface monolayer
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of self-renewing epithelial cells and the lamina propria
[25]
with the vascular, immune and structural components .
In the small intestine there are invaginations called crypts
of Lieberkuhn and prominences into the lumen called villi
with differentiated cells. The crypts contain proliferative
stem cells and Paneth cells responsible for the innate
immunity and antibacterial defense and for providing
essential signals to intestinal stem cells. The intestinal
epithelium is a single heterogeneous layer of different
cells: enterocytes (80% of total cells), enteroendocrine
cells (1% of all epithelial cells), Goblet cells (4% in
duodenum, secretory cells) and tuft cells (secretory cell
type). They originate in the crypts, migrate toward the
villi during differentiation and then suffer spontaneous
apoptosis and shedding when reaching the villus tip
[26]
after terminal differentiation . Only enterocytes are
2+
involved in the Ca transport from the intestinal lumen
2+
to the lamina propria. Although Ca uptake occurs in all
enterocytes, the mature cells from the tip and the middle
part of the villi are mainly involved in the transcellular
2+
2+
Ca movement. Ca uptake is stimulated by calcitriol
or low Ca diets either in the mature enterocytes or in
the undifferentiated cells from the crypt, but the most
[27]
differentiated cells exhibit a higher response . The
GSH content in the intestine is in the millimolar range
[28,29]
as occurs in other cells
; however, the tripeptide con
centration varies according to the degree of maturation
of cells. Surprisingly, mature enterocytes have lower GSH
[30]
content than the immature cells . GSH exists as the
biologically active reduced-thiol form, and its oxidation
to GSSG is associated with oxidative stress (OS). The
GSH/GSSG ratio is around 100/1; when GSSG increases,
this ratio decreases causing an oxidative shift in the
[31]
cellular redox state . Intestinal GSH redox homeostasis
[32]
is maintained by de novo synthesis , regeneration from
[33]
GSSG and GSH uptake that derives from the dietary
intake and mainly from the biliary output because the
[34,35]
bile is enriched in GSH (1-2 mmol/L)
. The dietary
GSH comes from fresh fruits, vegetables, and many
types of meat, but the luminal GSH is lower (250 μmol/L
[36]
in rats) than that from the intracellular compartment .
In the enterocytes and in the proximal tubular cells from
kidney, the enzyme γ-glutamyl transpeptidase plays an
important role in GSH homeostasis. It is located in the
outer surface of plasma membranes of epithelial cells
and cleaves the extracellular GSH to glutamate and
cysteinyl-glycine, which is subsequently hydrolyzed by a
[37]
dipeptidase to yield the constituent amino acids . The
biosynthesis of GSH occurs in the cytosolic compartment
through two consecutive adenosine triphosphate (ATP)dependent reactions. First, the glutamate cysteine ligase
(GCL) catalyzes the formation of a dipeptide constituted
by glutamate and cysteine, and then the GSH synthetase
[38]
catalyzes the addition of glycine to form GSH , the
former being the rate-limiting step. GCL has a catalytic
subunit and a modulatory subunit. The control of GCL
function is regulated at transcriptional levels of both
[39]
subunits and through product feedback . The γ-glutamyl
cycle comprises the enzymatic reactions involved in the
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intracellular GSH synthesis and the extracellular GSH
degradation, which could be considered as a mechanism
to preserve cellular GSH homeostasis in transport epi
thelial cells. The reduction of GSSG by glutathione
reductase (GR) to form GSH depends on the supply of
the reductant nicotinamide adenine dinucleotide phos
phate, which is provided by the pentose phosphate
[40]
shunt . The redox couple GSH/GSSG assures a redox
environment that allows the maintenance of the gut
microbiota, the adequate nutrient absorption, the re
versal of oxidant-induced epithelium damage and the
modulation of intestinal cell transformation and apop
[41]
tosis . The regulation of the GSH metabolism by the
[42]
gut microbiota in mice has also been suggested , but
it needs further investigation. GSH from the intestinal
lumen plays different important roles such as reduction
of dietary disulfides, detoxification of xenobiotics, meta
bolism of peroxidized lipids and maintenance of the
[29,34,41]
[43]
mucus fluidity
. Tsunada et al
have shown that
chronic administration of lipid peroxides interferes with
the regulation of enterocyte death and proliferation in
vivo; these disruptive effects were reversed by GSH
supplementation after normalization of GSH/GSSG redox
balance (Figure 1).
Intracellular GSH is distributed in different com
partments. Cytosolic GSH is the source of GSH pool of
the mitochondria, endoplasmic reticulum and nucleus.
The GSH/GSSG ratio in the cytoplasm varies between
30/1 to 100/1, whereas in the endoplasmic reticulum
(ER) is between 3/1 and 1/1, which indicates that in
ER the system GSH/GSSH is more oxidized than that
from the cytoplasm. The steady-state redox potential of
the GSH/GSSG system is about -330 mmol/L to -300
mmol/L in the mitochondrial matrix and -260 mmol/L to
-200 mmol/L in the cytoplasm. The endoplasmic reticular
GSH/GSSG redox potential is about -150 mmol/L, which
[44]
is in midway between cytoplasmic and plasma values .
The nuclear GSH/GSSG redox potential remains un
known but there is certain evidence that it can be
somewhat more reducing than that from the cytoplasm.
Proliferative cells have more negative steaty-state redox
potential and differentiated cells have more positive
cells and cells undergoing apoptosis and necrosis have
a more oxidized steady-state potential (around -170
[45]
mmol/L to -150 mmol/L) . In other words, the cellular
compartments have different GSH/GSSG ratios, and the
life cell cycle is also associated with different thiol redox
potentials, which can alter the cellular functions. Since
enterocytes show different degrees of differentiation and
then suffer apoptosis and shedding in a range of 4-7 d,
the redox potential of GSH/GSSG couple must change
quite rapidly in order to facilitate the variety of functions
of those cells during the lifespan.

GSH DEPLETION AND THE INTESTINAL
CALCIUM ABSORPTION
[46]

Many years ago, Mårtensson et al
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Figure 1 Intestinal glutathione metabolism. The γ-glutamyl cycle comprises the enzymatic reactions involved in the extracellular glutathione (GSH) degradation
and the intracellular GSH synthesis: The enzymes γ-glutamyl transpeptidase and dipeptidase, localized in plasma membrane of enterocytes, cleave the extracellular
GSH to their constituent amino acids. Within the enterocytes the GSH is synthesized de novo by two reactions that consume adenosine triphosphate that are
catalyzed by glutamate cysteine ligase and glutathione synthetase, sequentially. In the redox couple that ensures the maintenance of the cellular redox state
participates the enzymes glutathione peroxidase and glutathione reductase. GSH: Glutathione; GSSG: Glutathione disulfide; GGT: γ-glutamyl transpeptidase; GCL:
Glutamate cysteine ligase; GS: Glutathione synthetase; GR: Glutathione reductase; GPX: Glutathione peroxidase; DP: Dipeptidase.
2+

GSH was required for intestinal function. They observed
that chronic depletion of mucosal GSH by buthionine
[47]
sulfoximine (BSO), a specific inhibitor of GCL , caused
severe degeneration of epithelial cells from jejunum
and colon, which was prevented by oral GSH or GSH
2+
monoester. We have shown that BSO alters the Ca
transfer from intestinal lumen-to-blood in vitamin D
supplemented chicks but does not affect that of vitamin
D-deficient chicks, which indicate that the effects of
2+
BSO on intestinal Ca absorption were dependent on
the vitamin D status of the animal. The reversibility of
this inhibition was proved by adding GSH monoester,
an indication that intestinal GSH is essential to have an
2+
[21]
optimal intestinal Ca absorption . At that time, the
molecular mechanisms involved in the effect of BSO
2+
on the intestinal Ca absorption remained unknown.
Later on, we have demonstrated that GSH depleting
2+
drugs inhibit the intestinal Ca transport not only in
[48]
birds but also in mammals . The tripeptide depletion
might increase the oxidation of sulfhydryl groups that
are important to maintain the functionality of proteins
2+
involved in the Ca transport, such as occurs with the
[21]
PMCA1b . In addition, other GSH depleting drug such
as vitamin K3 or menadione (MEN) causes inhibition of
2+
intestinal Ca absorption, which is related to OS, as
judged by a decrease in GSH content and an increment
in the total carbonyl group content. This inhibitory ef
2+
fect of MEN on intestinal Ca absorption begins in half
an hour, lasts for several hours and finishes after 10
[49]
h of treatment . The quinone inhibits two enzymes
2+
presumably involved in Ca transcellular pathway such
as the intestinal alkaline phosphatase (IAP), located in
the brush border membrane, and PMCA1b, protein that
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carries Ca outside the cell, as mentioned above. The
enzyme inhibition might be due to alterations produced
by ROS, which are triggered by GSH depletion caused
[50]
by its consumption in the redox cycle of the quinone .
When MEN is metabolized, it may undergo one or twoelectron reduction. If it suffers one-electron reduction,
there is formation of a very unstable semiquinone radical,
which reacts rapidly with molecular oxygen resulting in
regeneration of the parent compound and production
of a superoxide anion that yields H2O2 via enzymatic or
spontaneous dismutation. Two-electron reduction of MEN
produces a hydroquinone, a pathway that constitutes a
[51]
detoxification mechanism . In both cases, GSH is the
electron donor, which explains the tripeptide depletion
2+
after MEN treatment. Since the intestinal Ca absorption
is an active process, which requires ATP that is mainly
provided by the mitochondria, we have analyzed the
functionality of these organelles in the intestinal mucosa
when animals were treated with MEN. In fact, we have
detected that MEN produces mitochondrial dysfunction
caused by GSH depletion, which alters the mitochondrial
permeability resulting in the release of cytochrome c and
DNA fragmentation, biomarkers of apoptosis through
the intrinsic pathway. In other words, mitochondrial
dysfunction is also involved in the mechanisms by which
2+
[49]
MEN inhibits transiently the intestinal Ca absorption .
Later on, the system FASL/FAS/caspase-3, indicators
of apoptosis via the extrinsic pathway, was also demon
[52]
strated to be activated by MEN .
Sodium deoxycholate (NaDOC) is another GSH
depleting drug that produces OS, as indicated by ROS
generation and mitochondrial swelling leading to inhi
2+
[53]
bition of intestinal Ca absorption . The effect of
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Table 1 Glutathione depletion and the intestinal calcium absorption
2+

Oxidative stress markers

Effect on intestinal Ca

BSO
MEN

↓GSH
↓GSH ↑ROS and protein carbonyl ↑Mn2+-SOD and GPX Mitochondrial
dysfunction
NaDOC
↓GSH ↑ROS
Mitochondrial swelling.
↑SOD, CAT and GPX
↑NO• ↑iNOS protein
FRD
↓GSH ↑.O2−
↑protein carbonyl and nitrotyrosine content
↓SOD and CAT
↑NO•

absorption

2+

↓Ca transfer from lumen-to-blood
↓Ca2+ transfer from lumen-to-blood ↓IAP and PMCA1b activities
↓Intestinal Ca2+absorption
↓mRNA PMCA1b
↓PMCA1b, CBD28k and NCX1 protein expression
↓Intestinal Ca2+ absorption
↓IAP activity
↓TRPV6, PMCA1b, CBD9k, CLDN 2, CLDN12 and VDR protein
expression

BSO: DL-buthionine-S,R-sulfoximine; CAT: Catalase; CBD28k: Calbindin D28k; CBD9k: Calbindin D9k; CLDN 2: Claudin 2; CLDN12: Claudin 12; FRD:
Fructose rich diet; GPX: Glutathione peroxidase. GSH: Glutathione; IAP: Intestinal alkaline phosphatase. MEN: menadione. Mn2+-SOD: Mn2+-superoxide
dismutase. NaDOC: sodium deoxycholate.NCX1: Na+/Ca2+ exchanger; NO•: Nitric oxide; PMCA1b: Plasma membrane Ca2+ATPase; SOD: Superoxide
dismutase; TRPV6: Transient receptor potential vanilloid type 6; VDR: Vitamin D receptor.

NaDOC is time and dose-dependent and is higher in
[53,22]
mature enterocytes
. NaDOC exerts its effect altering
2+
the transcellular Ca pathway; the gene and protein
expression of PMCA1b and the protein expressions of cal
bindin D28k (CB D28k) and NCX1 are decreased by this
hydrophobic bile salt. NaDOC is a major component of
the bile; in high concentrations it provokes liver damage
during cholestasis and promotes colon carcinogenesis in
[54,55]
experimental animals
. The molecular mechanisms by
which NaDOC alters the protein expression of molecules
2+
involved in the intestinal Ca absorption seem to be also
related to nitrosative stress, as indicated by increment
in NO• content and in induced nitric oxide synthase
(iNOS) protein expression, and apoptosis, as shown
by enhancement of the system FASL/FAS/caspase-8/
caspase-3. In addition, an increase in acidic vesicular
organelles (AVOs) and in LC3 Ⅱ protein expression
produced by NaDOC means that autophagy might be
another mechanism triggered by this bile salt associated
2+
[22]
with the inhibition of the intestinal Ca absorption
(Table 1).
The administration of fructose rich diets (FRD) to nor
mal rats, which induce several features of the metabolic
2+
syndrome, inhibit the intestinal Ca absorption and
[56,57]
induce vitamin D insufficiency
. In our laboratory,
we have found that the VDR protein expression is also
[58]
diminished by the FRD . Since 1,25(OH)2D3 and its re
ceptor are depleted, the inhibition in the cation transport
could be explained due to 1,25(OH)2D3 is the main
2+
stimulator of the intestinal Ca absorption. FRD alter
both the transcellular and the paracellular pathways.
The protein expression of TRPV6, CB D9k and PMCA1b as
well as the enzyme activity of IAP are lower in animals
fed FRD than in rats fed a normal diet. Similarly, the
protein expressions of Claudin-2 and Claudin-12, mole
cules located in intestinal TJ, are also decreased in rats
[58]
fed FRD . The intestinal GSH levels are decreased
by the FRD, which would explain the increment in the
superoxide anion and in the protein carbonyl content.
This scenario is worsened by a decrease in the activities
of superoxide dismutase and catalase, enzymes of the
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antioxidant defense, which result in impairment of the
redox equilibrium contributing to altering the intestinal
2+
Ca absorption. Other authors have also demonstrated
that FRD decrease the GSH content and the antioxidant
enzyme activities as well as vitamin C and vitamin E
[59]
levels in rat liver and skeletal muscle . In addition, we
have demonstrated that FRD increase the NO• content
and the nitrosylation of proteins of 22 and 38 kDa from
[60]
rat intestine. He et al
have demonstrated that FRD
increase the expression of inducible NO• synthase in the
[59]
liver. Kannappan et al have shown that FRD augment
nitrosothiols in the plasma, liver and skeletal muscle.
All these findings indicate that an intake rich in fructose
triggers nitrosative stress in a variety of tissues.
The inflammation is another mechanism triggered
by FRD in rat intestine, as suggested by an increment in
the intestinal protein expression of nuclear factor (NF)κB and interleukin (IL)-6. NF-κB is a transcription factor
that controls over 100 genes activated direct or indirectly
[61]
by inflammation ; IL-6 is a cytokine, whose gene has
a promotor region with a site of binding for NF-κB. In
addition, IL-6 has been suggested to be associated with
metabolic syndrome and each of its components and
it could be added as a biomarker of progression of that
[62]
condition . Therefore, the inhibition of the intestinal
2+
Ca absorption by FRD is also mediated through the
[58]
enhancement of inflammatory molecules .
In conclusion, any drug or disease associated with
intestinal GSH depletion causes inhibition of intestinal
2+
Ca absorption. This response is mediated by OS/
nitrosative stress and inflammation, which could lead to
2+
cell death of enterocytes with capability to transport Ca
across the cells and in the paracellular route.

REVERSION/PREVENTION OF THE
INHIBITION OF INTESTINAL CALCIUM
ABSORPTION CAUSED BY GSH
DEPLETION
The first approaches to revert or prevent the inhibition
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Table 2 Antioxidants that preserve/ restore the inhibition of intestinal Ca
Drugs

Normalized OS markers

GSH monoester
MEL

2+

absorption caused by glutathione depletion

Effect on inhibition Normalized component of
of ICaA
ICaA

GSH total
GSH, ˙O2− Protein carbonyl
SOD, CAT and GPX activities
iNOS gene and protein
expression
GSH total. GPX activity

Restoration
Prevention
restoration

GLN

GSH, ˙O2−. Protein carbonyl
SOD and CAT activity

Prevention
restoration

CBD28k and PMCA1b
protein expression.

NAR

GSH, ˙O2− NO•

Prevention

IAP activity (partially)
PMCA1b, CBD9k, NCX1,
VDR, CLDN2 and CLD12
protein expression

QT

UDCA

↓TUNEL index
↓Caspase 3 activity/
protein expression

References
Tolosa de Talamoni et al[21]
Carpentieri et al[80]
Areco et al[81]

↓Caspase 3 activity ↓
FAS, ↓FASL. Blocks mit
swelling
↓TUNEL index.
↓FAS, ↓FASL ↓Caspase-3
activity

Marchionatti et al[52]

IAP activity
↓Mit swelling
↑PMCA1b, CBD28k, NCX1,
↓FAS, ↓FASL gene/
VDR gene and protein
protein content
expression
Caspase 8 protein content
Caspase 3 activity

Rodríguez et al[22,48]

Prevention

Protein carbonyl and
nitrotyrosine content. SOD and
CAT activity
GSH, NO• protein carbonyl Increase restoration
SOD activity
iNOS protein expression

PMCA1b, CBD9k, NCX1,
CLDN 2 and CLD 12
protein expression

Apoptosis markers

Moine et al[88]

Rodríguez et al[58]

CAT: Catalase; CBD28k: Calbindin D28k; CBD9k: Calbindin D9k; CLDN 2: Claudin 2; CLDN12: Claudin 12; GLN: Glutamine; GPX: Glutathione peroxidase;
GSH: Glutathione; IAP: Intestinal alkaline phosphatase; ICaA: Intestinal Ca2+ absorption; MEL: Melatonin; MEN: Menadione; Mit: Mitochondrial; NAR:
Naringin; NCX1: Na+/Ca2+exchanger; NO: Nitric oxide; OS: Oxidative stress; PMCA1b: Plasma membrane Ca2+-ATPase; QT: Quercetin; SOD: Superoxide
dismutase; TRPV6: Transient receptor potential vanilloid type 6; UDCA: Ursodeoxycholic acid; VDR: Vitamin D receptor.

2+

of intestinal Ca absorption caused by GSH depletion
consisted in the use of GSH monoester in order to
[21]
replenish the intestine with the tripeptide . In fact, this
treatment leads to the normalization of the intestinal
2+
Ca absorption. In addition, other strategies were also
assayed because the intestinal GSH depletion could
be generated not only by drugs but also by patholo
gical conditions such as cholestasis and metabolic syn
[58,63]
drome
.
Since GSH depletion causes exacerbation of ROS
production, inflammation, apoptosis and autophagy, the
reversion or prevention was thought to be blocked by fla
vonoids, molecules derived from natural sources with anti
oxidant, anti-inflammatory and antiapoptotic properties.
Flavonoids are a class of phenolic metabolites produced
[64]
by plants and fungi . Among them, quercetin (QT) is
largely present in fruit, red wine, tea, vegetables and aro
[65]
matic plants , and exhibits all the biological properties
mentioned above. Hence, QT is considered as a potential
therapeutic agent for different diseases such as cancer,
[66-68]
hypertension, inflammation, diabetes, thrombosis
.
[69]
Inoue et al
have suggested that QT might improve
2+
the intestinal Ca absorption because they have demon
strated in Caco-2 cells that QT increases the gene expres
sion of TRPV6, which is a VDR target gene. We did not
2+
find that QT alone ameliorates the Ca transport in
the intestine, but we demonstrated that QT blocks the
2+
inhibition of the intestinal Ca absorption caused by MEN
via GSH depletion. Similarly, QT by itself does not change
the intestinal GSH content, but it prevents the GSH dep
[52]
[70]
letion produced by the quinone . Boots et al
have
also observed that the effects of QT supplementation in
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patients with sarcoidosis appear to be more pronounced
when the baseline levels of oxidative (malondialdehyde)
and inflammatory (tumor necrosis factor α, IL-8, IL-10)
markers are increased. So, it appears that the extent
of the QT effects depends on the baseline of OS and
inflammation. The protective mechanisms of QT on the
2+
intestinal Ca absorption under oxidant conditions could
be summarized in: (1) Normalization of intestinal redox
state, (2) blockage of alterations in the mitochondrial
membrane permeability (swelling), and (3) interference
with the FASL/FAS/caspase-3 cascade activation. Taken
together, it could be concluded that QT might be useful to
2+
prevent the inhibition of intestinal Ca absorption caused
by pro-oxidants or conditions that deplete GSH leading to
[52]
OS and apoptosis .
Naringin (NAR) is another flavonoid that abrogates
2+
the inhibition of intestinal Ca absorption caused by
oxidant conditions such as an experimental metabolic
[58]
syndrome produced in rats by FRD . NAR is chemically
known as naringenin 7-O-neohesperidoside and is pre
sent in different citrus being responsible for the bitterness
in grapefruit, which is one of the richest sources of this
[71]
flavonoid . NAR has been demonstrated to increase
the GSH content either in the liver or in the intestine
[72]
from mice exposed to whole-body irradiation . A metaanalysis also showed that NAR restores the GSH content
in different parts of brain in various neurological ailments
[73]
in rodents . We have demonstrated that NAR (40
2+
mg/kg bw) can protect the intestinal Ca absorption
by blocking all the alterations in the redox state of the
intestinal mucosa caused under oxidant conditions such
[58]
as the intake of FRD by rats . With regard to GSH, NAR
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not only blocked its depletion produced by FRD but also
increased almost twice the normal intestinal GSH content
by a mechanism that needs to be clarified. NAR was able
to abrogate all the described alterations provoked by FRD
in rats through its anti-oxidant, anti-nitrergic and antiinflammatory properties. The use of NAR to ameliorate
2+
the intestinal Ca transport under oxidant conditions
associated with different pathologies holds a remarkable
potential, but there are some obstacles in NAR clinical
translation related to the extensive in vivo metabolism,
[74]
low bioavailability and irregular absorption . On the
other hand, it has been demonstrated that various phe
nolic antioxidants exhibit pro-oxidant properties at high
[75]
doses . In fact, both flavonoids, quercetin and naringin,
[76]
have antioxidant and pro-oxidant effects .
Melatonin (MEL) is one of the natural human anti
oxidant that has gained increasing attention. MEL is a
hormone secreted by the pineal gland and other tissues
such as bone marrow, skin and gastrointestinal tract.
MEL is a lipophilic antioxidant of broad spectrum that has
[77]
a high membrane permeability . The molecular mecha
nisms triggered by MEL seem to be different from those
of the classical antioxidants such as vitamin C, vitamin
E and GSH; however, MEL synergizes with them in the
scavenging of free radicals. The classical antioxidants
undergo redox cycling so they have the potential to
promote oxidation or prevent it. In contrast, MEL does
not display redox cycling, thus, it does not stimulate
oxidation; therefore it could be considered as a suicidal or
terminal antioxidant. MEL may interact with free radicals
forming several stable end products, which are excreted
[78]
in the urine . MEL content is 400 times larger in the
[79]
intestine than in the pineal gland , but the physiological
significance of this is not very clear. Similarly to QT, MEL
2+
alone does not affect the intestinal Ca absorption,
but it avoids or reverses the inhibitory effect of MEN
[80,81]
or BSO
. The GSH depletion caused by MEN was
also prevented by MEL, counteracting the oxidative
stress and apoptosis provoked by the quinone. MEL
2+
protects either the intestinal transcellular Ca pathway
2+
or the paracellular Ca route, but only under oxidant
2+
conditions. The modulation of transporters of Ca by
[82]
MEL has also been reported in pancreatic acinar cells
[83]
and in rat pituitary GH3 cells . In conclusion, MEL
2+
could be a drug for reversal of impaired intestinal Ca
absorption produced by OS and apoptosis that occurs
under pathophysiological conditions such as aging, celiac
disease, intestinal bowel disease, cancer or other gut
disorders, or by GSH depleting drugs (Table 2).
Since the amino acid glutamine (GLN) in the intestine
is a fuel and a source of glutamate, substrate for GSH
[84,85]
synthesis
, and it has antioxidant and antiapoptotic
[86]
properties , and has the advantage of being an oral
[87]
nutritional supplement , we have thought that it
2+
could be used to prevent or reverse the intestinal Ca
absorption inhibited by GSH depleting drugs. Similarly
to other antioxidants, GLN alone does not modify the in
2+
testinal Ca absorption but it reverses the inhibition of
the intestinal cation transport caused by MEN. The GLN
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protective action is dose and time dependent and also
occurs when it is administered previous to MEN treat
ment. The normalization of the protein expression of CB
D28k and PMCA1b by GLN indicates that this amino acid
2+
protects the transcellular Ca pathway. The protection
may be achieved because GLN restores the intestinal
GSH content, normalizes the enzymatic activities of the
antioxidant defense system and decreases the activation
[88]
of the apoptotic pathway FASL/FAS/Caspase-3 . In
other words, the antioxidant and antiapoptotic properties
2+
of GLN facilitate the normalization of the intestinal Ca
absorption under oxidant conditions. Whether GLN
2+
alters or not the intestinal Ca paracelluar route and/or
other mechanisms are involved in the protection of the
2+
intestinal Ca absorption is under investigation.
Ursodeoxycholic acid (UDCA) is a minor component
[48]
of the bile and has hydrophilic properties . It is known
that UDCA blocks the reactive oxygen species formation,
the mitochondrial dysfunction and the death receptor
[89]
induced apoptosis . It has been widely used for treat
ment of cholestatic liver diseases, mainly primary biliary
[90]
cirrhosis (PBC) . In our laboratory, we have explored
the possibility that UDCA could prevent the inhibition
2+
of intestinal Ca absorption caused by NaDOC, a
hydrophobic bile acid that causes GSH depletion in the
duodenum, as mentioned in the previous section. Verma
[91]
et al have demonstrated that UDCA therapy enhances
2+
fractional Ca absorption in PBC. In agreement with
these data, we have observed that UDCA alone improves
2+
the intestinal Ca absorption by increasing the amount
2+
2+
of Ca transporters involved in the transcellular Ca
pathway via activation of the VDR gene and protein
2+
expression. The effect of UDCA on Ca uptake by en
terocytes has been shown to depend on the degree
of differentiation of these cells, being higher in mature
enterocytes. When UDCA is given simultaneously with
2+
NaDOC, the intestinal Ca absorption is similar to that
from the control animals, which means that UDCA pre
2+
vents the inhibition in the Ca transport caused by
NaDOC. Although UDCA alone decreases FASL and FAS
protein expression without changing the Caspase-8
protein expression and caspase-3 activity, it avoids the
apoptotic effects of NaDOC through normalization of
the protein expression of FASL, FAS, Caspase-8 and the
enzyme activity of Caspase-3. Similarly, UDCA per se
does not alter the intestinal NO• content, but it abrogates
the increase in NO• and in iNOS protein expression
provoked by NaDOC. In addition, UDCA avoids efficiently
the enhancement in LC3Ⅱ protein expression and in the
number of AVOs in enterocytes caused by NaDOC, which
means that UDCA attenuates the biomarkers of auto
[22]
phagy . The physiological significance of this response
is not quite clear and needs to be clarified.

CONCLUSION
2+

The Ca entrance to the organism is very important to
2+
maintain the Ca -dependent functions and the correct
mineralization of the skeleton. An optimal intestinal
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2+

Ca absorption is reached when the GSH content in the
intestine is in the normal range. Conditions associated
with intestinal GSH depletion arising from administration
of certain drugs or different diseases may inhibit the in
2+
testinal Ca transport. This response could be prevented
or restored by using flavonoids (QT, NAR), MEL, UDCA
or GLN, which block the effects of the GSH depletion
mainly through their antioxidant, antiapoptotic and antiinflammatory properties. However, the use of these
2+
drugs to improve the intestinal Ca absorption under
oxidant conditions associated with different pathologies in
humans requires more investigation with regards to the
safety, pharmacokinetics and the pharmacodynamics of
them.
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AIM
To investigate the distribution and function of interstitial
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cells of Cajal (ICCs) and platelet-derived growth factor
+
receptor-α positive (PDGFRα ) cells in the proximal and
distal colon.

The regulation of the inhibitory transmitter NO and
purine through the two kinds of interstitial cells (ICCs
+
and PDGFRα cells) is very important for rhythmic colonic
migrating motor complexes, which are the main driving
force underlying colon transit.

METHODS
The comparison of colonic transit in the proximal and
distal ends was performed by colonic migrating motor
complexes (CMMCs). The tension of the colonic smooth
muscle was examined by smooth muscle spontaneous
contractile experiments with both ends of the smooth
muscle strip tied with a silk thread. Intracellular recordings
were used to assess electrical field stimulation (EFS)induced inhibitory junction potentials (IJP) on the colonic
smooth muscle. Western blot analysis was used to exa
mine the expression levels of ICCs and PDGFRα in the
colonic smooth muscle.

Lu C, Huang X, Lu HL, Liu SH, Zang JY, Li YJ, Chen J, Xu WX.
Different distributions of interstitial cells of Cajal and plateletderived growth factor receptor-α positive cells in colonic smooth
muscle cell/interstitial cell of Cajal/platelet-derived growth factor
receptor-α positive cell syncytium in mice. World J Gastroenterol
2018; 24(44): 4989-5004 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i44/4989.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i44.4989

RESULTS
Treatment with NG-nitro-L-arginine methyl ester hydro
chloride (L-NAME) significantly increased the CMMC
frequency and spontaneous contractions, especially in
the proximal colon, while treatment with MRS2500 in
creased only distal CMMC activity and smooth muscle
contractions. Both CMMCs and spontaneous contractions
were markedly inhibited by NPPB, especially in the pro
ximal colon. Accordingly, CyPPA sharply inhibited the
distal contraction of both CMMCs and spontaneous
contractions. Additionally, the amplitude of stimulationinduced nitric oxide (NO)/ICC-dependent slow IJPs (sIJPs)
by intracellular recordings from the smooth muscles
in the proximal colon was larger than that in the distal
colon, while the amplitude of electric field stimulationinduced purinergic/PDGFRα-dependent fast IJPs (fIJPs)
in the distal colon was larger than that in the proximal
colon. Consistently, protein expression levels of c-Kit and
anoctamin-1 (ANO1) in the proximal colon were much
higher, while protein expression levels of PDGFRα and
small conductance calcium-activated potassium channel 3
(SK3) in the distal colon were much higher.

INTRODUCTION
In the gastrointestinal (GI) tract, smooth muscle cell/
interstitial cell of Cajal/platelet-derived growth factor
receptor-α positive cell (SIP) syncytium consists of inter
stitial cells of Cajal (ICCs), platelet-derived growth factor
+
receptor-α positive cells (PDGFRα cells), and smooth
+
muscle cells (SMCs). ICCs and PDGFRα cells are in
volved in the smooth muscle contraction. Remodeling or
damaging of these cells can result in a variety of motor
[1]
disorders . Cells in the SIP syncytium express many
kinds of receptors and ion channels, and conductance
changes in any type of cell can induce the excitability
or relaxation of the smooth muscle. Although there
+
have been several studies of ICCs and PDGFRα cells
in the GI tract regarding their location, morphology,
function and more, most studies have focused on the
small intestine and stomach, with few concerning the
[2,3]
colon . Therefore, in the present study, we explored
the distributions of the two kinds of interstitial cells along
with their ion channels and transmission mechanisms for
inducing contraction and diastolic reactions at both ends
of the colon.
ICCs were first suggested to be GI pacemaker cells
in the late 1970s based on electrophysiological and
[4]
ultrastructural observations . Anoctamin-1 (ANO1), a
very important functional protein in ICCs, is a calciumactivated chloride channel that produces pacemaker
[5]
+
currents . Another interstitial cell type, PDGFRα cells,
referred to as “fibroblast-like” cells, express specific
small conductance calcium-activated potassium channel
[6]
3 (SK3) . When the SK3 channel is activated, large
+
amounts of K flow out, causing hyperpolarization and
+
subsequent relaxation of PDGFRα cells and downstream
[7]
SMCs . Consequently, the motility of smooth muscles
depends on the balance between excitatory regulation
+
from ICCs and inhibitory regulation from PDGFRα cells.
Colonic motility requires the coordination of the en
teric nervous system (ENS) and SIP syncytium. The ENS,
consisting of excitatory motor neurons and inhibitory
motor neurons (IMNs), including nitric oxide synthase
(NOS) and purine neurons, is involved in the regulation of

CONCLUSION
The ICCs are mainly distributed in the proximal colon
+
and there are more PDGFRα cells are in the distal colon,
which generates a pressure gradient between the two
ends of the colon to propel the feces to the anus.
Key words: Interstitial cells of Cajal; Platelet-derived
growth factor receptor-α positive cells; Smooth muscle
cell/interstitial cell of Cajal/platelet-derived growth factor
receptor-α positive cell syncytium; Nitric oxide; Purine
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The different distributions of interstitial cells of
Cajal (ICCs) and platelet-derived growth factor receptor-α
+
positive (PDGFRα ) cells in the different parts of the colon
result in a pressure gradient in the colon that propels the
feces to the anus. Nitric oxide (NO) is mainly involved in
the regulation of contraction through ICCs, and purine
+
mainly participates in relaxation through PDGFRα cells.
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[8-10]

[11]

colonic movement
. Mañé et al have reported that
nitric oxide (NO) is responsible for continuous smooth
muscle relaxation, while purine neurons are responsible
for transient relaxation, which may be dominant in co
lonic propulsion. In addition, colonic migrating motor
complexes (CMMCs) known as the main form of the
colonic transmission, have been demonstrated that their
generation require two conditions: the activation of cho
linergic motor neurons and the release of inhibitory neuro
transmitters (mainly NO and purines), both of which
can act on the SIP syncytium to regulate colonic trans
[12]
mission .
It has been reported that electrical field stimulation
(EFS) can induce changes in the membrane potential
mediated by inhibitory neurotransmitters called the inhi
bitory junction potential (IJP), and subsequent relaxation
[13,14]
reaction
. IJPs are composed of two components: a
fast-transient hyperpolarization (fIJP) and a subsequent
[6,12]
slow and sustained hyperpolarization (sIJP)
. The
release of NO is closely related to ICCs, which can in
fluence the generation of spontaneous contractions and
[15-17]
the initiation of sIJPs through ICCs
. On the other
hand, fIJPs have been shown to be mediated by purines
+
specifically through the P2Y1 receptor on PDGFRα
[7,14]
cells
.
Based on these previous reports, we sought to cha
racterize the mechanism of the ENS and SIP in the
regulation of colon motility, especially distributions of
+
ICCs and PDGFRα cells in the proximal and distal colon
according to the response of CMMC, smooth muscle
contraction, and intracellular recoding for the blockers of
neurotransmitters.

by inhalant isoflurane overdose followed by cervical
dislocation. Then, the abdomen was opened along the
ventral midline, and the colon was exposed, removed
quickly, and placed into Krebs solution continuously bub
bling with a carbonated mixture (5% CO2 and 95% O2).
The Krebs solution contained the following components
(all concentrations in mmol/L): NaCl, 121.9; NaHCO3,
15.5; KCl, 5.9; MgSO4, 1.2; KH2PO4, 1.2; glucose, 11.5;
and CaCl2, 2.4. The entire colon was fixed in a Sylgard
base dish with impalpable steel pins. The mesentery
was carefully removed along the boundary line of the
enterocoel under a dissecting microscope. All fecal
pellets in the colon were artificially expelled with a 1-mL
injector; this procedure was repeated to expel every
pellet. This procedure must be performed with care to
minimize intestinal damage. The empty colon was gently
washed with 5 mL of warm Krebs solution, and a glass
capillary tube was inserted through the lumen and linked
to an artificial fecal pellet. The capillary was attached to
the floor of the silica gel plate using U-shaped pins at
the oral and anal end. A rectangular organ filled with
20 mL of warm Krebs solution (36.5 ± 0.5 ℃) was also
constantly inundated with carbon-oxygen gas. Then, the
colon specimen was gently perfused with warm Krebs
solution and left to stabilize for 30-40 min to secure the
recovery of the colonic contraction activity. A silk thread
(USP 5/0) was attached to both ends of the colon. The
mechanical activity of the CMMCs was recorded using
an isometric force transducer (RM6240C, Chengdu
Instrument Factory, China) linked to an amplifier device.
A tension of 0.1 g was applied to the empty colon, which
was equilibrated for at least 40 min before the addition of
the experimental drugs.

MATERIALS AND METHODS

Preparation of smooth muscle tissue and isometric
tension measurement

Ethical statement

All animals were obtained from the Experimental Animal
Center of Shanghai Jiao Tong University School of Medi
cine. This research rigorously complied with the rules of
the Guide for the Care and Use of Laboratory Animals
of the Science and Technology Commission of China
(STCC Publication No. 2, revised 1988). The protocol
was approved by the Committee on the Ethics of Animal
Experiments of Shanghai Jiao Tong University School of
Medicine (Permit Number: Hu 686-2009). All operations
were performed under anesthesia using isopentane, and
every manipulation of the experimental animals was
performed while simultaneously attempting to maximally
relieve any suffering.

The entire colon full of fecal pellets was isolated as de
scribed above. The colon was cut along the mesentery,
which is on the colonic circular axis; the pellets were
flushed out with Krebs solution; the colon was pinned
to a Sylgard dish with the mucosa facing upwards; and
the mucosa and submucosa were removed carefully
under a dissecting microscope. Smooth muscle strips
(approximately 2 mm × 8 mm) were obtained by cutting
along the circular axis from the fresh smooth muscle
tissue. A silk thread (USP 5/0) was attached to both ends
of the muscle strips and attached along the circular axis
into 10 mL organ baths containing warm (37 ℃) Krebs
solution filled with 95% O2 and 5% CO2. The recording
device was the same as that for the CMMCs above. A
tension of 0.3 g was applied to the muscle strip, and it
was equilibrated for at least 40 min before the recovery
of its contraction activity.

Animals

Adult male ICR mice were obtained from the Experi
mental Animal Center of Shanghai Jiao Tong University
School of Medicine. The mice, aged 35 d and weighing
approximately 30 g, were housed at 22 ℃ under a 12 h
light/dark cycle with free access to water and food.

Western blot analysis

Protein samples were extracted from the colonic smooth
muscle tissues and lysed in radioimmunoprecipitation
assay (RIPA) buffer (1:10; P0013, Beyotime Chemical
Co., Jiangsu, China) and PMSF (1:100) solution. The

CMMC experiments

Mice were sacrificed under general anesthesia induced
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Statistical analysis

suspended material was centrifuged at 12000 rpm for
15 min at 4 ℃, mixed with 4 × loading buffer, and then
boiled for 5 min in a 100 ℃ water bath. The protein
concentration of the supernatant was calculated using the
bicinchoninic acid (BCA) protein assay method (P0010,
Beyotime Chemical Co., Jiangsu, China). Protein (30
μg/lane) was subjected to 7.5% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred from the polyacrylamide gel to polyvinylidene
difluoride (PVDF) membranes using an E-Blotter unit
(Bio-Rad) for 120 min. Then, the PVDF membranes were
blocked in 5% nonfat milk for 2 h and incubated with
rabbit c-Kit and PDGFR-α monoclonal antibodies (1:1000;
#3074, #3174, Cell Signaling Technology, United States)
and with mouse anti-tubulin antibody (1:1000; AT819,
Beyotime Chemical Co., Jiangsu, China) overnight at 4 ℃.
The blots were then washed five times (5 min per wash)
with Tris-HCl-buffered saline including 0.1% Tween-20
(TBST) and then incubated with secondary antibodies,
including either anti-rabbit IgG HRP-linked antibody
(1:1000; 7074; Cell Signaling Technology) or anti-mouse
IgG HRP-linked antibody (1:1000; 7076; Cell Signaling
Technology) for 2 h at room temperature. Protein sig
nal detection was performed using an enhanced chemi
luminescence agent (ECL reagents). The signals of the
blots were analyzed using Quantity One software.

The data are described as the mean ± SE. The analysis
of data differences between groups was performed
using one-way analysis of variance (ANOVA), followed
by the Bonferroni’s post-hoc test or using the Student’
s unpaired t-test when needed. P-values less than 0.05
were considered to represent significant differences be
tween groups, and n-values correspond to the number of
animals that were used in the indicated experiments.

RESULTS
Regulatory effects of the ENS/Ach/NO for ANO1
channels in ICCs on CMMCs and spontaneous
contractions

Effects of TTX and atropine on CMMCs and spon
taneous contractions: To demonstrate the role of the
+
ENS in colonic transit, we used a Na channel antagonist,
TTX (0.4 μmol/L), to block neurons. TTX abolished the
large amplitude contractions of CMMCs, and only the
fast oscillating contractions remained. The contractions
were decreased from 100% in controls to 30% ± 2.6%
in the proximal colon and 21% ± 4.7% in the distal part
a
( P < 0.05; n = 6, meaning the number of animals used
and the same below; Figure 1A and C). Interestingly, the
basal tone and frequencies of the burst-like contractions
in both ends of the colon were markedly increased by
TTX, indicating that the generation of CMMCs in the
colon was significantly mediated by the ENS, while the
increased basal tone and frequencies of the remaining
contractions in the presence of TTX are likely generated
directly by ICCs because the dominant effects of the ENS
on ICCs were limited by TTX. In addition, the effects of
TTX were significantly different between the proximal and
distal colon. To further confirm the effects of TTX on the
colonic contractions, we observed that TTX significantly
increased the rate of spontaneous contractions from
100% in controls to 149% ± 4.2% in the proximal colon
a
and 124% ± 5.4% in the distal part ( P < 0.05; n =
7; Figure 1B and D). Moreover, there were significant
differences in proximal and distal colon with TTX admini
c
stration, respectively ( P < 0.05; Figure 1A-D).
To explain the differences of TTX above, we further
compared the roles of the excitatory neurons and inhibi
tory neurons in regulating colonic motility. First, atropine
was employed to block acetylcholine (Ach), released
by cholinergic neurons. We found that, similar to the ef
fects of TTX, atropine (100 μmol/L) abolished the large
amplitude contractions of CMMCs, and only the burst-like
contractions (e.g., ICC pacemaking activity) remained in
both parts of the colon. Overall, CMMCs were significantly
suppressed, from 100% in controls to 21% ± 1.9% in
a
the proximal colon and 39% ± 3.7% in the distal part ( P
< 0.05; n = 5; Figure 1E and G). Similarly, spontaneous
contractions were also partially decreased by atropine
treatment, from 100% in controls to 57% ± 1.8% in the
a
proximal colon and 74% ± 3.9% in the distal part ( P <
0.05; n = 7; Figure 1F and H). Interestingly, significant

Intracellular microelectrode recording and electrical
stimulation

Based on the operation above, smooth muscle tissue
(approximately 20 mm × 8 mm) was isolated from the
empty colon, fixed facing forward and up onto the base
of a Sylgard-covered chamber, and constantly filled
with warm (37 ℃) Krebs solution, 95% O2, and 5%
CO2. The tissue was equilibrated for approximately 2
h before the recording started. The muscle tissue was
maintained at 37 ± 0.5 ℃ through continuous perfusion
with warm Krebs solution. Experimental procedures
were carried out in the presence of nifedipine (1 μmol/L)
to minimize the muscle contraction and maintain the
cellular implements. Circular muscle cells were inserted
using glass microelectrodes (80-100 MΩ) filled with
KCl. Membrane potential was recorded with a Duo 773
(WPI Inc., Sarasota, FL, United States). EFS was made
under a consistent voltage, pulse width, and duration
(50 V, 0.5 ms, and 5 s, respectively) by two parallel
platinum electrodes using a square-wave stimulator
(YC-2 stimulator; Chengdu, China). The sIJPs and fIJPs
of the smooth muscle were recorded in the presence and
absence of various drugs, such as receptor antagonists
or agonists in Krebs solution.

Drugs

Tetrodotoxin (TTX) was obtained from Absin Biochemical
Company. Atropine was purchased from Sigma-Aldrich.
Apamin, NG-Nitro-L-arginine methyl ester hydrochloride
(L-NAME), NPPB, MRS2500, and CyPPA were obtained
from Tocris Bioscience (Ellisville, MO, United States).
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Figure 1 Effects of tetrodotoxin and atropine on smooth muscle contractions of the colon. A and C: Inhibitory effects of tetrodotoxin (TTX) treatment on colonic
migrating motor complexes (CMMCs) in the proximal and distal colon, and summary data of the area under the curve (AUC) at 300 s. It is worth noting that AUC
measurements can demonstrate the sum of both the amplitudes and frequencies. The data are normalized to the control value (before the application of TTX) (n =
6; aP < 0.05 vs control; cP < 0.05 vs proximal colon). B and D: Enhanced effects of TTX on spontaneous contractions in the proximal and distal colon of mice and
summary of the contractile responses to TTX, as indicated by the AUC at 200 s, in the smooth muscle tissues of the proximal and distal colon of mice. The data are
normalized to the control value (before the application of TTX) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). E and G: Responses of CMMCs to atropine in
the proximal and distal colon and summary of data as indicated by the AUC at 300 s. The data are normalized to the control value (before the application of atropine) (n
= 5; aP < 0.05 vs control; cP < 0.05 vs proximal colon). F and H: Inhibitory effects of atropine on spontaneous contraction in the proximal and distal colon and summary
of data showing contractile responses to atropine as indicated by the AUC at 200 s. The data are normalized to the control value (before the application of atropine) (n
= 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). TTX: Tetrodotoxin; AUC: Area under the curve.
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differences remained between the proximal and distal
ends treated with atropine in the CMMC and muscle strip
c
experiments ( P < 0.05; Figure 1E-H). These results
suggest that Ach may play a regulatory role for ICCs.

n = 8; Figure 3A-D), which indicates that there is an
obvious difference between the two ends. Similarly, this
+
effect may result from different distributions of PDGFRα
cells in these colonic regions.

Effects of L-NAME and NPPB on CMMCs and spon
taneous contractions: To characterize the effects of NO
on colonic motility, L-NAME (100 μmol/L), a nonspecific
inhibitor of NOS, was employed in the present study.
We found that CMMCs, especially their frequency, were
significantly enhanced by L-NAME, from 100% in controls
to 172% ± 4.6% in the proximal colon and 145% ±
a
4.4% in the distal part ( P < 0.05; n = 7; Figure 2A and
C). Similarly, spontaneous contractions became larger
and faster after administration with L-NAME, from 100%
in controls to 170% ± 11.5% in the proximal colon and
a
150% ± 4.0% in the distal part ( P < 0.05; n = 7; Figure
2E-H). Importantly, we also found that the effects of
L-NAME on both CMMCs and spontaneous contractions
were more significant in the proximal colon than in the
c
distal part, respectively ( P < 0.05; Figure 2E-H). Based
on these results, we confirmed that NO contributes
substantially to the regulation of CMMC frequency and
suggest that there may be more ICCs in the proximal
colon than in the distal part.
To further confirm that ICCs have distinct distributions
between different parts of the colon, NPPB, a blocker of
ANO1 channels, was applied. NPPB treatment (3 μmol/L)
significantly inhibited CMMCs, from 100% in controls
to 22% ± 2.7% in the proximal colon and 46 ± 4.3%
a
in the distal part ( P < 0.05; n = 5; Figure 2E and G).
The effects of NPPB were much more significant in the
c
proximal part than in the distal part ( P < 0.05; n = 5;
Figure 2E and G). Furthermore, spontaneous contractions
were also decreased by NPPB treatment, from 100% in
controls to 19% ± 3.4% in the proximal colon and 48%
± 3.7% in the distal part (aP < 0.05; n = 5; Figure 2F
and H). However, the inhibitory effect of NPPB was much
more significant in the proximal part than in the distal
c
part of the colon ( P < 0.05; n = 5; Figure 2F and H).

Effects of apamin and CyPPA on CMMCs and spon
taneous contractions: To test the above hypothesis,
we determined the effects of apamin (300 nmol/L; an
SK3 channel antagonist) on colonic motility. We can
observe that apamin significantly enhanced CMMCs,
from 100% in controls to 126% ± 0.4% in the proximal
a
colon and 148% ± 2.1% in the distal part ( P < 0.05; n
= 7; Figure 4A and C). Similar results were obtained for
spontaneous contractions, which were increased from
100% in controls to 127% ± 1.6% in the proximal colon
a
and 159% ± 3.4% in the distal part ( P < 0.05; n = 7;
Figure 4B and D). Similar to MRS2500 treatment, the
effects of apamin in the distal colon were stronger than
c
those in the proximal part ( P < 0.05; n = 7; Figure
4A-D).
Subsequently, CyPPA (3 μmol/L), an SK3 channel
agonist, was also used in the present study. We found
that the effects of CyPPA were completely opposite of
those observed with apamin treatment. CyPPA markedly
inhibited CMMCs, from 100% in controls to 39% ± 1.7%
in the proximal colon and 25% ± 2.2% in the distal part
a
( P < 0.05; n = 7; Figure 4E and G). Clearly, the effects
of CyPPA were much more significant in the distal part
c
than in the proximal part of the colon ( P < 0.05; n = 7;
Figure 4E and G). Moreover, spontaneous contractions
were also inhibited by CyPPA, from 100% in controls to
54% ± 4.1% in the proximal colon and 19% ± 3.6%
a
in the distal part ( P < 0.05; n = 7; Figure 4F and H).
Therefore, CyPPA significantly inhibited both CMMCs
and spontaneous contractions in both ends. Moreover,
the effects of this drug in the distal colon were markedly
c
stronger than those in the proximal part ( P < 0.05; n = 8;
Figure 4E-H).

Regulatory effects of purine for SK3 channels
in PDGFRα + cells on CMMCs and spontaneous
contractions

Effects of ANO1 and SK3 antagonists on resting
membrane potentials of colonic smooth muscle
tissues: It is well-established that smooth muscle
contraction and relaxation result from membrane depo
[18]
larization and hyperpolarization . To further evaluate
the distributions of the two interstitial cell type, we
first detected the average resting membrane potential
(RMP) of colonic circular muscle cells in the proximal
colon, which was 42.2 ± 1.92 mV, less than that in the
a
distal part, which was 53.2 ± 2.86 mV ( P < 0.05; n =
12; Figure 5A). Furthermore, NPPB induced membrane
hyperpolarization in both parts of the colon, showing a
greater extent in the proximal colon than in the distal
part (9.17 ± 1.19 mV in the proximal colon and 4.67
± 0.56 mV in the distal colon, aP < 0.05; n = 6, Figure
5B and D). Nevertheless, apamin induced membrane
depolarization, which was more marked in the distal

Effects of ICC/ANO1 and PDGFRα +/SK3 on colonic
membrane potentials of smooth muscle tissue

Effects of MRS-2500 treatment on CMMCs and
spontaneous contractions: In subsequent experi
+
ments, to further investigate the role of PDGFRα cells
in the regulation of colonic motility. First, MRS2500
was used (1 μmol/L; an antagonist of P2Y1) on CMMCs
and spontaneous contractions. We found that in the
proximal colon, MRS2500 had no significant effect on
either CMMCs or spontaneous contractions (Figure 3A
and B). However, in the distal colon, both CMMCs and
spontaneous contractions were increased by MRS2500,
reaching 143% ± 2.4% for CMMCs and 130% ± 4.2%
a
for spontaneous contractions ( P < 0.05; n = 8; Figure
3A-D). MRS2500 had a markedly stronger effect in the
c
distal colon compared to the proximal part ( P < 0.05;
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Figure 2 Effects of L-NAME and NPPB on smooth muscle contractions of the colon. A and C: Increased effects of L-NAME on colonic migrating motor
complexes (CMMCs) in the proximal and distal colon and summary data of the area under the curve (AUC) at 300 s. The data are normalized to the control value
(before the application of L-NAME) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). B and D: Enhanced effects of L-NAME on spontaneous contraction in the
proximal and distal colon of mice and summary of the contractile responses to L-NAME as indicated by the AUC at 200 s. The data are normalized to the control value
(before the application of L-NAME) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). E and G: Responses of CMMCs to NPPB in the proximal and distal colon
and the summary of data as indicated by the AUC at 300 s. The data are normalized to the control value (before the application of NPPB) (n = 5; aP < 0.05 vs control;
c
P < 0.05 vs proximal colon). F and H: Inhibitory effects of NPPB (3 μmol/L) on spontaneous contraction in the proximal and distal colon and summary of the data
showing contractile responses to NPPB as indicated by the AUC at 200 s. The data are normalized to the control value (before the application of NPPB) (n = 5; aP < 0.05
vs control; cP < 0.05 vs proximal colon). AUC: Area under the curve.
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Figure 3 Effects of MRS2500 on smooth muscle contractions in the colon. A and C: Effects of MRS2500 on colonic migrating motor complexes (CMMCs) in the
proximal and distal colon and summary of the area under the curve (AUC) at 300 s. The data are normalized to the control value (before the application of MRS2500)
(n = 8; aP < 0.05 vs control; cP < 0.05 vs proximal colon). B and D: Representative traces illustrating the effects of the P2Y1 antagonist MRS2500 on the contractions
of colonic smooth muscles in the proximal and distal colon of mice and summary of the contractile responses to MRS2500 as indicated by the AUC at 200 s. The data
are normalized to the control value (before the application of MRS2500) (n = 8; aP < 0.05 vs control; cP < 0.05 vs proximal colon). AUC: Area under the curve.

colon than in the proximal part (7.10 ± 1.36 mV in the
proximal colon and 11.07 ± 1.01 mV in the distal colon,
a
P < 0.05; n = 5; Figure 5C and E).

determine whether there were differences between the
proximal and distal colon. We observed that EFS (50 V;
3, 6, and 9 Hz; 5 s) induced IJPs including fIJPs and sIJPs
in both ends of the colon. The average amplitude of the
fIJPs was larger in the distal colon than in the proximal
part (6.70 ± 0.39, 11.8 ± 0.33, and 18.86 ± 0.53 mV in
the proximal colon, n = 8; 11.24 ± 0.35, 14.58 ± 0. 34,

Postjunctional potentials evoked by EFS in colonic
smooth muscle tissues: Consequently, we used EFS
to evaluate the response of membrane potentials to
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Figure 4 Effects of small conductance calcium-activated potassium channel 3 channel antagonist and agonist treatment on smooth muscle contractions
in the murine colon. A and C: Responses of colonic migrating motor complexes (CMMCs) to small conductance calcium-activated potassium channel 3 (SK3)
channel antagonist treatment in the proximal and distal colon and summary of the CMMC responses to apamin as indicated by the area under the curve (AUC) at 300 s.
The data are normalized to the control value (before the application of apamin) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). B and D: Enhanced effects of
apamin (300 nmol/L) on spontaneous contractions in the proximal and distal colon and summary of the data showing contractile responses to apamin as indicated by
the AUC at 200 s. The data are normalized to control (before the application of apamin) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). E and G: Responses
of CMMCs to SK3 channel agonist treatment in the proximal and distal colon and summary of the CMMC responses to CyPPA as indicated by the AUC at 300 s.
The data are normalized to the control value (before the application of CyPPA) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). F and H: Inhibitory effects of
CyPPA on spontaneous contractions in the proximal and distal colon and summary of the data showing contractile responses to CyPPA as indicated by the AUC at 200 s.
The data are normalized to the control value (before the application of CyPPA) (n = 7; aP < 0.05 vs control; cP < 0.05 vs proximal colon). AUC: Area under the curve.
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Figure 5 Effects of anoctamin-1 and small conductance calcium-activated potassium channel 3 channel antagonist treatment on membrane potentials in
the murine colon. A: Summary of the resting membrane potentials of colonic smooth muscle cells from the proximal and distal colon of mice (n = 12; aP < 0.05). B:
Responses of membrane potentials to anoctamin-1 (ANO1) antagonist treatment (NPPB, 3 μmol/L, arrow). C: Responses of membrane potentials to SK3 antagonist
treatment (apamin, 300 nmol/L, arrow). D and E: Summary of data showing the average effects of NPPB and apamin on membrane potentials in colonic smooth
muscle cells from both ends of the colon (NPPB n = 6; apamin n = 5; aP < 0.05). RMP: Resting membrane potentials.
a

and 23.60 ± 0.45 mV in the distal colon, n = 8; P < 0.05,
Figure 6A-C), while the amplitude of sIJPs was more
obvious in the proximal colon than in the distal parts (2.94
± 0.17, 7.8 ± 0.25, and 3.60 ± 0.51 mV in the proximal
colon, n = 8; 1.34 ± 0. 24, 5.14 ± 0.15, and 9.98 ± 0.56
a
mV in the distal part, n = 8; P < 0.05, Figure 6A, B, and
D). These results further confirm that there is indeed a
WJG|www.wjgnet.com

difference in the distribution of ICC and PDGFRα+ cells in
the proximal and distal colon.
Changes in purine-dependent fIJPs and NOdependent sIJPs in colonic smooth muscle tissues:
+
For the purpose of illustrating the distribution of PDGFRα
cells at both ends of the colon, L-NAME (100 μmol/L) and
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Figure 6 Membrane potentials evoked by electrical field stimulation in normal colonic proximal and distal muscles. A: Electrical field stimulation (EFS) from
the proximal colon at different frequencies (50 V; 3, 6, and 9 Hz for 5 s; black bars in each panel) elicited biphasic hyperpolarization comprising a peak component
followed by sustained hyperpolarization. B: EFS from the proximal colon at different frequencies (50 V; 3, 6, and 9 Hz for 5 s; black bars in each panel). C and D:
Summary of data showing the average amplitude of fast inhibitory junction potentials and slow inhibitory junction potentials at both ends of the colon (n = 8; aP < 0.05).
fIJP: Fast inhibitory junction potential; sIJP: Slow inhibitory junction potential.

atropine (1 μmol/L) were used to block NO and Ach to
solely observe the EFS response to purine. We found that
the amplitude of the sIJPs significantly attenuated and
almost all that remains were the fIJPs. The amplitudes
of fIJPs in the distal colonic muscles remained stronger
than those in the proximal colon (i.e., 6.78 ± 0. 27, 9.20
± 0. 49, and 18.00 ± 0.71 mV; aP < 0.05; n = 7; Figure
7A and C). In the distal colon, the mean amplitudes were
separately 12.44 ± 0. 47, 15.80 ± 0.73, and 24.22 ± 0.54
a
mV ( P < 0.05; n =8; Figure 7B and C). These results
+
indicate that the distal colon has more PDGFRα cells and
stronger fIJPs primarily elicited by purine and induces
relaxation.
To explore the distribution of ICCs at both ends of
the colon, MRS2500 (1 μmol/L) and atropine (1 μmol/L)
were used to block purines and Ach to solely observe
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the EFS response to NO. The addition of MRS2500 and
atropine almost fully eliminated the fIJPs, leaving only
the sIJPs. The amplitudes of sIJPs (with EFS 3, 6, and
9 Hz) in the proximal colon appeared much larger than
those in the distal colon (i.e., 3.12 ± 0.33, 5.54 ± 0.39,
and 10.18 ± 0.40 mV, Figure 7E and F); in the proximal
colon, the mean amplitudes of sIJPs were 5.54 ± 0. 43,
a
9.32 ± 0.53, and 14.8 ± 0.37 mV, respectively ( P < 0.05;
n = 7; Figure 7D and F). These results confirm that the
proximal colon has a greater distribution of ICCs and
stronger sIJPs elicited by NO, inducing stimulation by
ICCs.

Expression levels of c-Kit and PDGFRα in colonic
smooth muscle tissues

Finally, we examined the density of ICC, ANO1, PDGFRα,
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Figure 7 Fast inhibitory junction potential and slow inhibitory junction potential elicited by electrical field stimulation in smooth muscles of the proximal
and distal colon. A and B: Atropine and L-NAME treatment blocked excitatory junction potentials (EJPs) and decreased slow inhibitory junction potentials (sIJPs) but
had no effect on fast IJPs (fIJPs) in colonic muscles from both ends. D and E: Atropine and MRS2500 treatment blocked EJPs and decreased fIJPs but had no effect
on sIJPs in colonic muscles from both ends. C and F: Summary of data showing the average amplitude of fIJPs and sIJPs (in the presence of atropine and L-NAME, n
= 8; in the presence of atropine and MRS2500, n = 7; aP < 0.05). fIJP: Fast inhibitory junction potential; sIJP: Slow inhibitory junction potential.

and SK3 in the smooth muscle tissues of the colon.
We found that the expression levels of c-Kit and ANO1
were much higher in the proximal colon (97.7% ±
10.9% and 35.7% ± 4.3%, respectively), while those
in the distal end were lower (58.2% ± 6.5% and 19%
± 3.6%, respectively [aP < 0.05; n = 8; Figure 8A and
C (c-Kit) and Figure 8B and D (ANO1)]. Additionally,
the expression of the PDGFRα protein in the colonic
muscle layer was significantly increased, from 54.8%
± 5.0% to 77.6% ± 3.2% in the proximal and distal
ends, respectively; similarly, the expression of SK3 in
the colonic muscle layer ranged from 36.2% ± 4.1% to
61.4% ± 3.1%, respectively, in the proximal and distal
a
ends [ P < 0.05; n = 8; Figure 8E and F (PDGFRα) and
Figure 8E and G (SK3)]. These protein expression data
directly show that the proximal colon has more ICCs and
+
that the distal colon has more PDGFRα cells.
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DISCUSSION
This study focused on the distribution and function of
+
ICCs and PDGFRα cells at both ends of the colon and the
role of NO and purines on colonic dynamic transmission.
This finding may have clinical implications in studying
and treating colonic dysmotility of inflammatory bowel
disease (IBD) and irritable bowel syndrome (IBS). It
has previously been established that the large intestine
has many different motor patterns, including segmental
activity, antiperistaltic and peristaltic waves, and tonic
[19,20]
inhibition
. Regardless of transmission form, it is
necessary to produce pressure gradient to ensure that
feces are propelled from the proximal to distal colon.
Therefore, we divided the colon into two segments to
separately study its transmitting mechanism. Based on
previous reports, the speed of fecal pellet propulsion

5000

November 28, 2018|Volume 24|Issue 44|

Di
st

al

Pr
ox
im
al

al
Di
st

Di
st

145 kDa

C-KIT

Pr
ox
im
al

B

al

Pr
ox
im
al

Di
st

Pr
ox
im
al

A

al

Lu C et al . Distributions of interstitial cells in the colon

114 kDa

A-NO1

120 kDa

55 kDa

Tubulin

C

D

1.5

55 kDa

Tubulin

0.5

ANO-1 expression

C-Kit expression

0.4
1.0
a

0.5

0.3

a

0.2
0.1
0.0

Distal

Proximal

F

al

m

Di

st

Pr
ox
i

al
st
Di

Pr
ox
i

m

al

E

Proximal

al

0.0

1.0

Distal

a

PDGFR α

190 kDa

85 kDa

SK3

C-Kit expression

0.8
0.6
0.4
0.2
Tubulin

Sk3 expression

G

55 kDa

0.8

0.0

Proximal

Distal

a

0.6
0.4
0.2
0.0

Proximal

Distal

Figure 8 Expression levels of c-Kit/anoctamin-1 and platelet-derived growth factor receptor-α/small conductance calcium-activated potassium channel
3 in proximal and distal smooth muscles of the colon. A and B: Western blot analysis of interstitial cells of Cajal (ICCs) and anoctamin-1 (ANO1) in both ends of
the colon. C and D: Summary of data analyzed using densitometric quantification (ICC, ANO1 n = 8, aP < 0.05). E: Western blot analysis of platelet-derived growth
factor receptor-α and small conductance calcium-activated potassium channel 3 in both ends of the colon. F and G: Summary of data analyzed using densitometric
quantification (n = 8, aP < 0.05). ANO1: Anoctamin-1; SK3: Small conductance calcium-activated potassium channel 3.

In our study, we found that the large amplitude con
traction of CMMCs was almost completely inhibited when
the ENS or cholinergic neurons were blocked; instead,

along the murine colon is the same as the conduction
velocity of the CMMC contraction, indicating that CMMCs
[21]
drive the pellets forward .
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irregular contractions with much higher frequencies were
recorded. Notably, in the CMMC experiments (treatment
with TTX), the distal colon had more obvious drug effect,
while in smooth muscle contraction experiment, the
drug effect of proximal colon was more prominent in the
presence of TTX or atropine (Figure 1). These results
suggested that even though CMMC was almost abolished
by TTX, the spontaneous contractions of the smooth
muscle were significantly increased by TTX treatment.
Therefore, we speculate that in the ENS, inhibitory neu
rons play a dominant role in spontaneous contractions
of the colon. Moreover, the small irregular contraction
waves in atropine may result from the pacemaker acti
vity of ICCs and CMMCs are initiated by excitatory cho
linergic neurons through ICCs. In the past several years,
pacemaker function of ICCs and the ENS network have
generally been considered as separate systems in colonic
transit. However, new findings have reported that the
pacemaker network in the colon consists of both ICCMY (interstitial cells of Cajal of myenteric plexus) and
ICC-IM (intramuscular interstitial cells of Cajal) and that
this network is activated via cholinergic KV7.5 channel
[22]
inhibition in ICC-IM . Even though colonic motor transit
has been confirmed by the cooperation of ICC networks
[23]
with the ENS , information regarding the transit mecha
nism by which ICCs sequentially function remain unclear.
Therefore, we primarily focused on the regulation of
murine colonic contractile activity by nitrergic and puri
nergic neurons.
Based on the finding of nitrergic signaling through
ICCs to regulate colonic spontaneous contraction and
CMMCs (described above), we used L-NAME and NPPB
to block NO and ANO1 in ICCs, respectively, to observe
whether there are functional differences between the
two ends of the colon (Figure 2). Our results showed
that the AUC (equaling the frequencies and amplitudes)
of CMMCs and spontaneous contractions in the smooth
muscle were significantly increased in the presence of
L-NAME or NPPB, indicating that NO is involved in regu
lating the frequency of CMMC through ICCs to maintain
normal colonic transit. Moreover, the proximal colon has
larger amplitude and higher frequencies in the presence
of these two drugs, indicating that there are more ICCs
in this part of the colon.
In addition to NO, purine is also considered to be
involved in inhibitory regulation of smooth muscle
contractions through another kind of interstitial cells+
[24]
[7]
PDGFRα cells . Burnstock et al first proposed that
adenosine triphosphate (ATP) or purine was a main
inhibitory neurotransmitter in the GI tract in 1970. Addi
tionally, it may promote the release of glutamate (an
inhibitory neurotransmitter) by binding to presynaptic
[25]
metabotropic P2Y receptors . Recent studies have
proven that purinergic receptors (P2Y1) and SK3 chan
+
nels are expressed in PDGFRα cells responsible for
[24]
nerve-mediated relaxation in the GI tract . Compared
to other classical neurotransmitters, the role of purinergic
signaling in colonic transmission is not well understood
or appreciated. Therefore, our results (Figures 3 and 4)
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proved that the amplitudes and frequencies of CMMCs
and spontaneous contractions in the distal colon were
markedly changed when P2Y1 receptors and SK3 chan
nels were blocked by MRS2500 and apamin, respectively,
or SK3 was activated by CyPPA, illustrating that purines
help to maintain regular colonic transmission by inhibiting
contractions. Moreover, the distal colon showing stronger
contractile activity indicates that there may be more
+
PDGFRα cells, resulting from the inhibitory role of pu
+
rine on PDGFRα cells being eliminated by MRS2500
treatment.
Based on CMMC and smooth muscle contraction ex
+
periments, we speculated that ICCs and PDGFRα cells
may have different distributions at different ends of the
colon. To confirm this hypothesis, we used intracellular
recordings to detect whether there exists a difference in
the electrophysiological properties between the two ends
of the colon. Previous studies have shown that GI motility
is regulated by excitatory and IMNs, among which IMNs
evoke IJPs, causing muscle relaxation. In the colon, neu
rotransmitters released by the ENS could activate the
conductance of interstitial cells (i.e., ANO1 in ICCs or SK3
+
channels in PDGFRα cells) to regulate the excitability
of SMCs through gap junctions to meditate colonic moti
[23,26]
lity
. ANO1 regulates sensory signal transduction and
smooth muscle contractile activity to generate rhythmic
contraction, which is supported by the absence of slow
[27-29]
waves in ANO1 knockout mice
. Additionally, SK3
+
channels in PDGFRα cells are activated by purines and
[30]
produce apamin-sensitive outward currents . These
SK3 channels are believed to be involved in inducing
membrane hyperpolarization and IJPs. In GI smooth
muscle tissues, IJPs have bipolar phases and consist
of two main components: fIJP, induced by the release
+
of purines in PDGFRα cells, and sIJP arising from NO
[31,32]
through ICCs
, which was also proved in this study
(Figures 5-7). More importantly, we also found that
the amplitudes of fIJPs induced by purinergic neurons
+
through PDGFRα cells were much higher in the distal
colon than in the proximal segment. Furthermore, the
amplitude of sIJPs induced mainly by NO through ICCs
was much higher in the proximal colon than in the distal
part. These results provide concrete functional evidence
+
that ICCs and PDGFRα cells have a different distribution
at both ends of the colon.
Finally, we confirmed that more ICCs were distributed
+
in the proximal colon, whereas more PDGFRα cells
were distributed in the distal colon using Western blot
analysis (Figure 8). We speculate that this distribution
difference is responsible for the stronger contractions in
the proximal colon and the relatively weaker contractions
in the distal part, forming a pressure gradient from the
proximal colon to the distal part to propel feces smoothly
forward to the anus.
In summary, our findings in the present study provide
clear evidence that the ENS regulates colonic motility
through cholinergic and nitrergic neurons regulating
the spontaneous rhythmic pacemaker activity of ICCs
and through purinergic neurons mediating inhibitory ef

5002

November 28, 2018|Volume 24|Issue 44|

Lu C et al . Distributions of interstitial cells in the colon
proximal and distal colon.

fects on smooth muscle contractions by acting on P2Y1
+
receptors in PDGFRα cells to suppress colonic transit.
We further found that inhibitory neuromodulation has
a leading role in colonic transmission, which may be
associated with the formation of fecal pellets in the colon
and full absorption of water and nutrients. Furthermore,
the distribution characteristics of more ICCs in the pro
+
ximal and more PDGFRα cells in the distal colon con
tribute to the formation of a pressure gradient from the
oral to anal ends of the colon, which is associated with
+
the roles of ENS-NO/ICCs and purine/PDGFRα cells in
the regulation of colonic motility. Consequently, an indepth understanding of the mechanism of colon motility
may provide a new direction and target for the study and
treatment of diarrhea or constipation in colon motility
disorder, such as IBD and IBS.

Research results

Treatment with tetrodotoxin (TTX) to block the enteric nervous system (ENS)
in the CMMC experiment almost completely blocked colonic transit. However,
in the smooth muscle contraction experiment, when the ENS was blocked,
the contraction of the colon was enhanced, suggesting that inhibitory nerve
regulation plays critical roles in the transmission of the colon. In addition, when
the ANO1 channel on ICCs was blocked by NPPB, the proximal colon showed
a more obvious inhibitory role. While the SK3 channels on PDGFRα+ cells were
blocked by apamin, there was a more obvious drug effect in the distal colon,
indicating that the proximal colon might distribute more ICCs, and the distal
colon has more PDGFRα+ cells. Intracellular electrical recording experiments
indicated that slow inhibitory junction potentials (sIJP) mediated by the NOICC-ANO1 signal pathway was more obvious in the proximal colon, while fast
inhibitory junction potentials (fIJP) mediated by purine-PDGFRα+-SK3 was
more prominent in the distal colon, indicating that there are more ICCs in the
proximal colon and more PDGFRα+ cells in the distal colon from the membrane
potential level.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Research conclusions

Research background

In this study, we demonstrated that NO has a more obvious effect on the ICCs
in the proximal colon, while purine has a more prominent effect on the distal
PDGFRα+ cells, indicating that there are more ICC cells in the proximal colon
and more PDGFRα+ cells in the distal colon. In addition, NO and purine acting
on the SMC/ICC/PDGFRα+ cell (SIP) syncytium (consisting of SMCs, ICCs,
and PDGFRα+ cells) are both inhibitory neurotransmitters, suggesting that
colonic transit is mainly dominated by inhibitory neuromodulation. Although the
stomach and small intestine are dominated by excitatory neuromodulation, this
feature of the colon may contribute to the adequate absorption of nutrients and
the formation of feces.

Interstitial cells of Cajal (ICCs) and PDGFRα+ cells are mainly located in the
smooth muscle layer of the colon, which is widely believed to play a critical
role in the generation of colonic transit motility. Large numbers of studies have
shown that ICCs are mainly responsible for the contraction response of the
smooth muscle, while PDGFRα+ cells mainly regulate the relaxation of the
smooth muscle. Inhibitory neuronal transmitters [nitric oxide (NO) and purine]
can respectively act on ICCs and PDGFRα+ cells to mediate colonic transit,
thus propelling feces into the rectum and the anus. However, the distributions
of ICC and PDGFRα+ in the colon remain unclear. Therefore, it is an important
scientific problem to study the transit mechanism of the proximal and distal
colon.

Research perspectives

This is the first study to report that the differential distributions of ICCs and
PDGFRα+ cells at the two ends of the colon. Our findings have highlighted
the effects of inhibitory neuromodulation NO-ICC-ANO1 and purine-PDGFRα+
cells-SK3 on colonic transit. In order to maintain regular colonic transit,
the perfect cooperation of NO-ICC and purine-PDGFRα+ cells is required.
Therefore, in the future study of colon dynamic disorder such as IBD or IBS, we
can start from whether the distribution and function of ICC and PDGFRα+ cells
have changed, and then extend to the effect of the ENS, especially inhibitory
neuromodulation, on colonic transmission disorder to find the pathogenesis of
colonic transit dysfunction. These findings in the present study may provide
new insights and strategies for the diagnosis and treatment of gastrointestinal
motility disorders.

Research motivation

In recent years, the incidence of colonic dysmotility diseases has been
increasing year by year, such as inflammatory bowel disease (IBD), irritable
bowel syndrome (IBS), and complications of some diseases (e.g., diabetesinduced slow transit constipation), whose main clinical symptoms are diarrhea
or constipation. The smooth muscle layer, as the main source of colon power,
consists of ICCs, PDGFRα+ cells, and smooth muscle cells (SMCs) contacted
by the gap junction. Therefore, it is very significant to study the differential
distributions of ICCs and PDGFRα+ cells in the two ends of the colon.

Research objectives

In this study, we for the first time researched the distributions and functions of
ICCs and PDGFRα+ cells in the proximal and distal colon. Then, we studied the
roles of inhibitory neurotransmitters NO for ICCs and purine for P2Y1 receptor
on PDGFRα+ cells in colonic motility transit. This study may represent a future
strategy for therapeutic intervention in disorders of colonic motility, such as
IBD and IBS, by understanding the distributions and function of NO-ICCs and
purine-PDGFRα+ cells at both ends of the colon.
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Abstract

Institutional animal care and use committee statement: All
experimental procedures were performed in accordance with the
Guide for the Care and Use of Laboratory Animals published by
the National Institutes of Health. This study was approved by the
animal care committee of our university.

AIM
To develop a novel rat model of heterogeneous hepatic
injury.
METHODS
Seventy male Sprague-Dawley rats were randomly divided
into a control group (n = 10) and a colchicine group (n =

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.
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60). A 0.25% colchicine solution (0.4 mL/kg) was injected

via the splenic vein in the colchicine group to develop

a rat model of heterogeneous hepatic injury. An equal
volume of normal saline was injected via the splenic vein
in the control group. At days 3, 7, and 14 and weeks 4,
8, and 12 after the operation, at least seven rats of the
colchicine group were selected randomly for magnetic
resonance imaging (MRI) examinations, and then they
were euthanized. Ten rats of the control group underwent
MRI examinations at the same time points, and then were
euthanized at week 12. T2-weighted images (T2WI) and
diffusion weighted imaging (DWI) were used to evaluate
the heterogeneous hepatic injury. The heterogeneous
injury between the left and right hepatic lobes was as
sessed on liver sections according to the histological
scoring criteria, and correlated with the results of MRI
study.

INTRODUCTION
Heterogeneous hepatic injury is often manifested in pa
tients with hepatic tumors, especially those accompanied
by hepatitis and cirrhosis. Estimation of total and regional
hepatic function is essential for preventing postoperative
liver failure and devising an effective treatment plan for
[1]
patients with hepatic tumors . The current technological
limitations that preclude whole-organ assessment of
heterogeneous hepatic injury present a clinical chal
lenge. Unfortunately, the lack of an ideal animal model
of heterogeneous hepatic injury has hindered the devel
[2]
opment of such assessment methods . Therefore, it is
urgent to establish a practical and reproducible animal
model of heterogeneous hepatic injury to provide a
manipulable in vivo tool for future development of simple,
safe, and effective whole liver assessment methods.
Several animal models have been established to eva
luate liver function, but they are limited in their ability to
reflect homogeneous hepatic injury. The most popular
of these models induce hepatic injury subcutaneous in
jection with a mixture of CCl4 and olive oil to induce hepa
[3]
tic injury and daily gavage with colchicine consecutively
[4]
for 4 wk (in mice) .
Colchicine is an antimitotic cytotoxic agent derived
from the Colchicum autumnale plant. Although the
exact mechanism of hepatotoxicity of colchicine remains
unclear, in the present study we injected rats with colchi
cine via the splenic vein to develop a practical model of
heterogeneous hepatic injury. The heterogeneous injury
between the left and right hepatic lobes was assessed on
liver sections according to the histological scoring criteria,
which was then correlated with the results of magnetic
resonance imaging (MRI) using the sequences reported
[5,6]
for evaluating hepatic injury .

RESULTS
Obvious pathological changes occurred in the hepatic
parenchyma in the colchicine group. Hepatic injury
scores were significantly different between the left and
right lobes at each time point (P < 0.05). There was a
significant difference in apparent diffusion coefficient
(ADC) of DWI and liver-to-muscle ratio (LMR) of T2WI
between the left and right lobes of rats in the colchicine
group (P < 0.05) at each time point, and similar results
were observed between the colchicine and control groups.
Besides, there was a significant correlation between
hepatic injury scores and ADC values or LMR (r = -0.682,
P = 0.000; r = -0.245, P = 0.018).
CONCLUSION
Injection with colchicine via the splenic vein can be
used to successfully develop a rat model of hetero
geneous hepatic injury. DWI and T2WI may help eva
luate the heterogeneous injury among liver lobes.
Key words: Heterogeneous hepatic injury; Rat model;
Colchicine; T2-weighted images; Diffusion weighted
imaging
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: In this study, injection with colchicine via the
splenic vein is shown to successfully develop a rat model
of heterogeneous hepatic injury. Obvious pathological
changes occurred in the hepatic parenchyma in the
colchicine group. A significant difference was observed
in liver injury scores, apparent diffusion coefficient
values, and liver-to-muscle ratios of T2-weighted images
(T2WI) between the left and right lobes in the colchicine
group (P < 0.05). Our study suggested that diffusion
weighted imaging and T2WI can be used to evaluate the
heterogeneous injury among liver lobes.

Compliance with ethical requirements

All experimental procedures were performed in accor
dance with the Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health.
This study was approved by the animal care committee
of our university.

Animals and grouping

Seventy male Sprague-Dawley rats of SPF grade,
weighing 280 ± 20 g, were purchased form Changsheng
Laboratory, Benxi, Liaoning (certification number:
SCXK-2015-0001). Before the start of experiments, the
rats were fed normally in separated cages. The animals
were randomly divided into a control group (n = 10)
and a colchicine group (n = 60). All animals were fed a

Zhang YY, Zhang CX, Li Y, Jiang X, Wang YF, Sun Y, Wang J, Ji
WY, Liu Y. Development of a novel rat model of heterogeneous
hepatic injury by injection with colchicine via the splenic vein.
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radiologists with more than 5 years of clinical experience,
who were blinded to the histopathologic results. The
largest regions of interest (ROIs) as possible were
defined in both the left and right lobes of the liver in
three successive slices on T2WI and apparent diffusion
coefficient (ADC) maps, and the vessels and artifacts
were excluded when positioning the ROI. The signal
intensities of the erector spinae muscles on T2WI were
detected on the same slices simultaneously, and the
average values of these measurements on the three
successive slices were calculated. Based on the average
values, the liver-to-muscle ratio (LMR) on T2WI, ΔLMR
(the difference of LMR on T2WI between the left and
right lobes of the liver), and ΔADC (the difference of ADC
values between the left and right lobes of the liver) were
[7,8]
calculated .

Figure 1 Development of a rat model of heterogeneous hepatic injury.
After anesthesia and splenic vein dissection, 0.25% colchicine at a dose of 0.4
mL/kg was injected via the splenic vein.

Liver histopathology

standard diet before the operation.

Liver tissue was fixed, paraffin-embedded, and sliced
(5.0 μm). After conventional hematoxylin and eosin
(H&E) staining, the sections were examined under a
light microscope. Masson’s trichrome staining was used
to assess fibrosis. Scoring for liver injury was conducted
according to the following criteria: no hepatocellular
necrosis, edema, or inflammatory cell infiltration, 0;
mild, 1; moderate, 2; severe, 3. Liver fibrosis was scored
as no fibrosis, 0; fibrous portal expansion, 1; bridging
fibrosis, 2; bridging fibrosis with architectural distortion, 3;
[9,10]
liver cirrhosis, 4
.

Induction of heterogeneous hepatic injury in rats

All rats were fasted for at least 6 hours before the
operation. Pentobarbital sodium (1%; 40 mg/kg) was
injected intraperitoneally for anesthesia. For rats in the
colchicine group, after opening the peritoneal cavity,
0.25% colchicine (Nanjng Zelang Medical Technology Co.
Ltd., Nanjing, China; purity: > 98%; injection rate: 0.1
mL/s) was injected at a dose of 0.4 mL/kg via the splenic
vein. For rats in the control group, the peritoneal cavity
was opened similarly and an equal volume of normal
saline was injected via the splenic vein (Figure 1). After
the operation, all animals were fed a normal diet. Twelve
rats in the colchicine group died after 24 h and were
excluded from further experiments.

Statistical analysis

Data are expressed as mean ± standard deviation.
Normal distribution was assessed by the KolmogorovSmirnov test. Differences in liver injury, ΔLMR, and
ΔADC between the two groups were compared using
the Student’s t-test or Mann-Whitney U-test. Statistical
significance was defined as P < 0.05. Correlations
between LMR, ADC values, and liver injury scores in the
colchicine group were assessed using the Spearman’s
correlation coefficient by rank test. Statistically significant
correlations were defined as P < 0.05.

MRI procedure

At days 3, 7, and 14 and week 4 after the operation,
seven rats of the colchicine group, and at weeks 8 and
12, ten rats of the colchicine group were randomly
selected for MRI examinations, and then the rats were
euthanized by over-anesthesia. One rat died from an
overdose of anesthetic at week 8, and a second one died
at week 12. Ten rats of the control group underwent
MRI examinations at the same time points, and were
euthanized at week 12 after MRI examinations. Liver
tissue was fixed in 4% paraformaldehyde.
Prior to MRI examinations, the selected rats were
fasted for about 8 h. After anesthesia by intraperitoneal
injection with 1% pentobarbital sodium (40 mg/kg), MRI
was performed using a GE Signa HDxT 3.0T magnet
scanner with a wrist coil. The detailed scanning settings
are as follows: T2-weighted images (T2WI): TR, 3840
ms; TE, 85 ms; field of view, 14 cm; NEX, 4; matrix, 256
× 192; slice thickness, 3 mm; flip angle, 90°; scan time,
3 min and 12 s; and diffusion weighted imaging (DWI): b
2
= 500 s/mm ; TR, 5000 ms; TE, 77.3 ms; field of view,
14 cm; NEX, 2; matrix, 128 × 128; slice thickness, 3
mm; flip angle, 90°; scan time, 40 s.

RESULTS
Postoperative status

All animals awoke within 1 h after the operation. Rats
in the colchicine group exhibited fatigue, reduced food
and water consumption, and slow movement after the
operation. Although the activity of rats in the control
group was slightly decreased, their general state was
normal upon awaking. Rats in the control group all
survived the operation. Twelve rats in the colchicine
group did not survive the procedure and died after
24 h of the operation. One rat died from an overdose of
anesthetic at week 8 wk during the MRI examination,
and a second one died at week 12.

Pathology

Image analysis

There were no obvious pathological changes of rat liver
tissue in the control group under a light microscope.

Image analysis was performed independently by two
WJG|www.wjgnet.com
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Right lobe, H&E

Left lobe, Masson's trichrome

Right lobe, Masson's trichrome

Week 12

Week 8

Week 4

Day 14

Day 7

Day 3

Control

Left lobe, H&E

Figure 2 Histopathological changes of the liver (× 100). H&E staining of sections of the left lobe (1st column) and right lobe (2nd column) of the liver, and Masson’
s trichrome staining of sections of the left lobe (3rd column) and right lobe (4th column) of the liver were performed in the control group (1st row) and at each time point
after injection of colchicine (2nd to 7th rows). No obvious pathological changes were observed in the control group. The hepatic injury was different between the left and
right lobes at each time point. At day 3 after colchicine injection, there was massive inflammatory cells infiltration, hepatocellular edema, and mild liver necrosis. At day
14, reduced inflammation and increased necrosis were observed, while fibrosis was not detected. At week 4, cholestasis and early fibrosis were observed. At weeks 8
and 12, there was further fibrosis.
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Hepatic injury score

[1,11-16]

metabolic syndrome, or cirrhosis
, and this often
leads to postoperative liver failure, which has become
[17-19]
the leading cause of mortality after liver resection
.
Therefore, assessment of the uneven distribution of
hepatic function and prediction of reserved liver function
[12]
are essential for preventing postoperative liver failure .
The development of a practical animal model of hetero
geneous liver injury is the basis for further studies to
curtail or eliminate this dire situation. Although there
have been some animal models of hepatic injury, such as
administration of thioacetamide solution in drinking water
[20]
and a choline-deficient diet and subcutaneous injection
[3]
with a mixture of CCl4 and olive oil , these models
show homogeneous hepatic injury and cannot be used
to investigate the heterogeneous liver injury condition
that exists in human patients. Therefore, it is urgent
to develop a simple, noninvasive, and reliable method
to estimate liver regional function in patients with liver
diseases.
In this study, we successfully developed an animal
model of heterogeneous liver injury by injection with
colchicine via the splenic vein in rats. The toxicity of
colchicine may affect all cells in the body and causes
[21]
multi-organ toxicity . Colchicine binds to the intracellular
tubule, arresting its polymerization of alpha and beta
forms into microtubules. Proteins of the Golgi apparatus,
endocytosis, exocytosis, cellular shape, and motility are
therefore impaired. Mitosis is also disrupted in metaphase
because of compromised microtubule-dependent func
[22,23]
tions in chromosome separation
. Colchicine has
been used to induce conspicuous hepatotoxicity diseases
[4,24]
including liver necrosis and steatosis in animals
. On
the other hand, it was found that portal vein blood, which
comes from the superior mesenteric vein and the splenic
vein, is unevenly distributed in different lobes of the liver
after merging into the portal vein. Thus, we injected
rats with colchicine via the splenic vein to introduce
inhomogeneous hepatic injury, and a statistically sig
nificant difference in pathological changes between the
left and right hepatic lobes was observed. The histological
results showed heterogeneous hepatocellular necrosis,
edema, inflammatory cell infiltration, and liver fibrosis
after colchicine injection, as well as cord disappearance,
fibrous septa collapse, and nuclear dissolution. These
findings support the point that this rat model can be used
for future studies of hepatic injury, such as quantitative
analysis of regional liver function.
In this model, the pathological changes of hepatic
[6]
parenchyma mirrored the findings of previous studies ,
namely, the decreased inflammation of hepatic paren
chyma within 2 wk after colchicine injection and the
progressive, irreversible development of fibrosis. The
current gold standard for estimation of liver injury is
liver biopsy, yet liver specimens obtained by needle
biopsy represent only a very small part of the liver paren
[25]
chyma . Moreover, liver biopsy is associated with the
possibility of sampling errors, invasiveness, interobserver
variability, and risk of complications. Therefore, liver
biopsy is not practicable for estimating inhomogeneous
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Figure 3 Comparisons of hepatic injury scores between the left and
right lobes of rats in the colchicine group at each time point. Difference in
hepatic injury between the left and right lobes of colchicine group at each time
point was statistically significant (P < 0.05).

In the colchicine group, hepatocellular necrosis, inflam
matory cell infiltration, hepatocellular edema, and liver
fibrosis were observed, accompanied by hepatic cord
disappearance and nuclear dissolution. At day 3 after
colchicine injection, there was massive inflammatory
cell infiltration, hepatocellular edema, and mild liver
necrosis, without apparent fibrosis. At day 14, reduced
inflammation and increased necrosis were observed,
while fibrosis was not detected. At week 4, cholestasis
and early fibrosis were observed. At weeks 8 and 12,
there was further fibrosis (Figure 2). Based on the
[9,10]
scoring criteria
, hepatic injury scores were signifi
cantly different between the left and right lobes at each
time point (P < 0.05, Figure 3).

Results of MRI

ΔADC between the right and left hepatic lobes differed
significantly between the colchicine group and the control
group (P < 0.05; Figure 4A). A statistically significant
difference was also noted in ΔLMR between the right and
left hepatic lobes from the T2WI of the colchicine group
compared to that of the control group at each time point (P
< 0.05; Figure 4B).

Relationship between pathology scores and MRI
variables

The relationship between ADC values and hepatic injury
scores is shown in Figure 5A. The ADC values decreased
as hepatic injury scores increased, and the correlation
was statistically significant (r = -0.682; P = 0.000). LMR
and hepatic injury scores also demonstrated a negative
correlation (r = -0.245; P = 0.018) (Figure 5B).

DISCUSSION
Patients who will undergo liver resection always exhibit
heterogeneous hepatic injury induced by chemotherapy,
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[26]

hepatic injury . In addition, there are currently no
serum markers or clinical signs that can accurately
[20]
assess liver regional function .
Recently, several MRI methods have been developed
to characterize the processes of various liver diseases
[27]
and grade the extent of liver disease . In addition,
several studies have confirmed the value of magnetic
[5,6,28]
resonance sequences in evaluating liver injury
.
Therefore, in this study we used the T2WI and DWI to
assess heterogeneous liver injury in our model. The ADC
values from DWI can be used to measure the diffusion of
[29]
random molecular motions . As such, in the early stage
of chemical hepatic injury, decreased ADC values may
reflect a reduced ratio of extracellular/intracellular water
volume caused by cytotoxic intracellular edema, as well
as decreased intracellular proton movement resulting
from energy loss. As fibrosis progresses, narrowed
sinusoids and restricted water mobility caused by accu
mulation of collagen fibers, glycosaminoglycans, and
proteoglycan lead to even lower ADC values for the liver
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parenchyma. This is similar to other reports showing that
the ADC values decreased as liver disease progressed
[30]
and fibrotic scores increased . A previous study showed
that hepatic injury resulted in increased T2 relaxation
[31]
time and heightened T2WI sensitivity to necrosis .
Others also reported that T2WI can be used to monitor
[32]
in vivo hepatotoxicity over time . In our study, the
difference of histological changes between the left and
right lobes caused by uneven injury was reflected by
LMR calculated from T2WI and ADC value from DWI.
Both ADC values and LMR decreased as hepatic injury
scores increased, and the correlations were statistically
significant. The correlation coefficient between the ADC
value and hepatic injury score was significantly higher
than that between the LMR and hepatic injury score.
The results of this study support the notion that both
ADC value and LMR are potentially useful for evaluating
heterogeneous hepatic injury.
There are several limitations to the present study that
must be considered when interpreting or generalizing
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time in the colchicine group. Hepatic injury scores were significantly different
between the left and right lobes at each time point. There was a significant
difference in apparent diffusion coefficient (ADC) of DWI and liver-to-muscle
ratio (LMR) of T2WI between the left and right lobes in the colchicine group at
each time point, and similar result was also observed between the colchicine
and control groups. Besides, there were significant correlations between
hepatic injury scores and ADC values or LMR. Some problems, such as the
stability of the uneven hepatic injury influenced by individual differences of
animals, and longitudinal changes that can be evaluated using MRI parameters
obtained over time, remain to be solved.

our findings. First, the stability of uneven hepatic injury is
influenced by individual differences of animals. Second,
none of the MRI parameters was obtained over time
to evaluate longitudinal changes. Third, although the
ADC value from DWI enables noninvasive prediction
of heterogeneous hepatic injury, it is limited by its
relatively poor spatial resolution. Further studies are
needed to explore other techniques such as gadoliniumethoxybenzyl-diethylenetriamine pentaacetic acid-en
hanced MRI, T1 mapping, and T2 mapping for assessing
[28,33]
regional liver function in this model
.
In summary, a novel rat model with uneven hepatic
injury has been developed by injection with colchicine
via the splenic vein. Data generated using this model
suggested that DWI and T2WI can potentially evaluate
heterogeneous injury between liver lobes.

Research conclusions

In this study, it was found that injection with colchicine via the splenic vein can
be used to successfully develop a rat model of heterogeneous hepatic injury.
The results of this study support that DWI and T2WI can potentially evaluate
heterogeneous injury among liver lobes.

Research perspectives

Using this model, future studies are needed to explore other new techniques
for assessing the uneven distribution of hepatic function and predicting the
reserved liver function.
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Abstract
AIM
to investigate whether promoter methylation is re
sponsible for the silencing of formin 2 (FMN2 ) in colorectal
cancer (CRC) and to analyze the association between
FMN2 methylation and CRC.

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of Central South University.
Informed consent was obtained from all individual participants
included in the study.

METHODS
We first identified the expression levels and methylation
levels of FMN2 in large-scale human CRC expression data
sets, including GEO and TCGA, and analyzed the relation
ship between the expression and methylation levels.
Then, the methylation levels in four CpG regions adjacent
™
to the FMN2 promoter were assessed by MethylTarget
assays in CRC cells and in paired colorectal tumor samples
and adjacent nontumor tissue samples. Furthermore,
we inhibited DNA methylation in CRC cells with 5-Aza-2’deoxycytidine and assessed the expression of FMN2 by
qRT-PCR. Last, the association between FMN2 methylation
patterns and clinical indicators was analyzed.

Conflict-of-interest statement: To the best of our knowledge,
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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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RESULTS
A statistically significant downregulation of FMN2 ex
pression in large-scale human CRC expression datasets
was found. Subsequent analysis showed that a high
frequency of hypermethylation occurred in the FMN2
gene promoter in CRC tissues; operating characteristic
curve analysis revealed that FMN2 gene methylation had
a good capability for discriminating between CRC and
nontumor tissue samples (AUC = 0.8432, P < 0.0001).
™
MethylTarget assays showed that CRC cells and tissues
displayed higher methylation of these CpG regions than
nontumor tissue samples. Correlation analysis showed
a strong inverse correlation between methylation and
FMN2 expression, and the inhibition of DNA methylation
with 5-Aza significantly increased endogenous FMN2
expression. Analysis of the association between FMN2
methylation patterns and clinical indicators showed that
FMN2 methylation was significantly associated with age,
N stage, lymphovascular invasion, and pathologic tumor
stage. Notably, the highest methylation of FMN2 occurred
in tissues from cases of early-stage CRC, including cases
with no regional lymph node metastasis (N0), cases in
stagesⅠ and Ⅱ, and cases with no lymphovascular inva
sion, but the methylation level began to decrease with
tumor progression. Additionally, FMN2 promoter hyper
methylation was more common in patients > 60 years old
and in colon cancer tissue.

INTRODUCTION
Colorectal cancer (CRC) is a common malignancy and
a major cause of incidence and mortality in many coun
[1]
tries, especially more developed countries . Over the
years, researchers have identified CRC as a gradual
process that lasts for several years, since it begins as
a single mutation in a cell until it becomes a detectable
[2]
malignancy . Therefore, the main secondary preventive
strategy for CRC is the early detection of preneoplastic or
[3]
neoplastic lesions in the large bowel .
Formin 2 (FMN2) is a member of the formin homo
logy protein family; the encoded protein is thought
to have essential roles in the organization of the actin
[4]
cytoskeleton and in cell polarity . More recently, FMN2
was reported to be involved in cancer, for example, ser
[5]
ving as a potential oncogene in leukemia . FMN2 can
enhance the expression of the cell cycle inhibitor p21 by
preventing its degradation. In addition, FMN2 is induced
by the activation of other oncogenes, hypoxia, and DNA
[6]
damage . To date, only two studies have explored the
relationship between FMN2 and CRC. The first study
was in 2012; to identify the genetic determinants of
[7]
colon tumorigenesis, Liu et al and colleagues carried
out a genome-wide association study of azoxymethaneinduced colon tumorigenesis and subsequently confirmed
through fine mapping that FMN2 is associated with co
[8]
lon tumor susceptibility. Another study assessed the
expression of FMN2 in tumor and adjacent nontumor
tissue by immunohistochemistry, with results showing
that FMN2 was predominantly localized in the cytoplasm
of tumor cells; that the rate of positive FMN2 protein
expression in the CRC and paracarcinoma tissues was
53.73% (180/335) and 80.90% (271/335), respectively,
with a significant difference (P < 0.05); and that the
level of the FMN2 protein in CRC patients was associated
with tumor differentiation, TNM stage, and lymph node
metastasis. However, the mechanism leading to the
downregulation of FMN2 expression in CRC has not
been studied. In this article, we tried to show that the
high frequency of hypermethylation occurring in the pro
moter of the FMN2 gene in CRC tissues is responsible
for the silencing of FMN2, and we further explored the
association between FMN2 methylation and clinical in
dicators. We found that the highest level of FMN2 methy
lation occurred in early-stage CRC tissues; thus, FMN2
may provide a new biomarker for the secondary pre
vention of CRC.

CONCLUSION
FMN2 promoter hypermethylation may be an important
early event in CRC, most likely playing a critical role in
cancer initiation, and can serve as an ideal diagnostic
biomarker in elderly patients with early-stage colon
cancer.
Key words: Formin 2; Colorectal cancer; Methylation;
Methylation-associated silencing; Early-stage cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is the leading cause
of cancer death in the world. We identified a statistically
significant downregulation of formin 2 (FMN2 ) expression
in large-scale human CRC expression datasets and our
clinical samples. Then, we first showed that a high fre
quency of hypermethylation occurred in the FMN2 gene
promoter, which is responsible for the downregulation of
FMN2 expression. Additionally, the highest methylation of
FMN2 occurred in tissues from cases of early-stage CRC
and patients > 60 years old. FMN2 hypermethylation may
be an important early event in CRC and can serve as an
ideal diagnostic biomarker in elderly patients with earlystage CRC.

MATERIALS AND METHODS
Cell lines and tissue samples

Human CRC cell lines (SW620 and SW480) were cul
tured in L15 medium (KeyGEN BioTECH, Nanjing, China)
supplemented with 10% fetal bovine serum (FBS) (Bio
logical Industries, Israel), and HCT116 and HT-29 cells
were cultured in McCoy‘s 5A medium (KeyGEN BioTECH,
Nanjing, China) supplemented with 10% FBS. Cells
were grown in a 5% CO2 cell culture incubator at 37 ℃.

Li DJ, Feng ZC, Li XR, Hu G. Involvement of methylationassociated silencing of formin 2 in colorectal carcinogenesis.
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Table 1 Clinical materials used in this article
No.
1
2
3
4
5
6
7
8
9

Sex

Age

Lymph nodes

TNM

Pathology

Differentiation

MSI

Organ

M
M
M
M
M
F
F
F
F

67
53
72
52
52
57
51
66
71

5 (14)
0 (22)
4 (20)
0 (16)
3 (25)
0 (15)
0 (14)
19 (27)
0 (16)

T4aN2aM0
T2N0M0
T4aN2aM0
T3N0M0
T3N1bM0
T4aN0M0
T4aN0M0
T3N2bM0
T4bN0M1b

Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

Moderate
Moderate
Poor
Moderate
Moderate
Moderate
Moderate
Poor
Moderate

No
No
No
No

Rectum
Rectum
Right colon
Rectum
Sigmoid colon
Left colon
Rectum
Rectum
Rectum

Table 2 Details of the four CpG regions in the CpG islands of formin 2
Target
FMN2_1
FMN2_2
FMN2_3
FMN2_4

TSS

Start

End

Length

Target strand

Distance2TSS

240255184
240255184
240255184
240255184

240255353
240255809
240256241
240256757

240255531
240256007
240256483
240257017

179
199
243
261

+
+
+
+

169
625
1057
1573

Start: The starting position of the product on the reference genome; TSS: The mRNA transcription initiation site; End: The end position of the product on
the reference genome; Length: the product length; Target strand: The product orientation; Distance2TSS: The distance from the product to the TSS.

States) for 96 h (5 μmol/L), with daily replacement of the
drug and medium. Untreated cells were used as a control
group.

Table 3 Primers used for the MethylTarget™ assays
Primer name
FMN2_1_F
FMN2_1_R
FMN2_2F
FMN2_2R
FMN2_3F
FMN2_3R
FMN2_4F
FMN2_4R

Primer
GAGGGTYGGGATGGTTTGAG
CCCCCRCTCCCCTTCTTT
GAGTGTGYGGATTTTTTTGAGGT
AAATATCTAAAAACAAATCCTCTTACTCC
GATTTGTTYGAGAGTTTGGTTGT
AAACRCATCCTCAAAAACATCCT
TTTTTGAGTYGAGGGTTTAGAATTG
CACRTTCTAAAAACCATCCRCAAC

DNA extraction and bisulfate treatment

DNA was isolated with an Easypure Genomic DNA kit
(TransGen Biotech, Beijing, China) according to the
manufacturer’s instructions. The DNA concentration was
assessed by spectrophotometry and confirmed by gel
electrophoresis; DNA was stored at -20 ℃. An EZ DNA
™
Methylation Gold Kit (Zymo Research Corporation, CA,
United States) was used to convert all unmethylated
cytosine to uracils.

Clinical samples were obtained from patients treated at
the Third Xiangya Hospital of Central South University
(Hunan, China) under informed consent and approval by
the Ethics Committee of Central South University (more
details about the clinical samples can be found in Table 1).

DNA methylation analysis
™

MethylTarget assays (targeted bisulfite sequencing)
developed by Genesky BioTech (Shanghai, China) were
[9,10]
carried out as previously described
. Briefly, CpG
islands adjacent to the promoter region of the FMN2
gene were analyzed, and based on these CpG islands,
four CpG regions from CpG islands in FMN2 were se
quenced (the details, including the relative distance from
the transcriptional start site, amplification primers, and
product size, of these CpG regions can be found in Tables
2 and 3). Genomic DNA was converted with bisulfite,
and PCR was performed to amplify the targeted DNA
sequences. The products were sequenced on an Illumina
MiSeq benchtop sequencer (Illumina, CA, United States).

RNA purification and reverse transcription-PCR

Total RNA was extracted using TRIzol reagent (Invitrogen,
United States). The reverse transcription reaction was
performed using ReverTra Ace qPCR RT Master Mix with
gDNA Remover (TOYOBO, Japan), and this kit includes
reagents for reverse transcription and for the removal
of genomic DNA (DNaseⅠ treatment). cDNA was
amplified with KOD SYBR® qPCR mix (TOYOBO, Japan)
on a LightCycler® 480Ⅱ system (Roche) according
to the manufacturer’s instructions (FMN2 primers:
forward, GCGAACGCTGTTGGAGAAG and reverse,
CTGATTACACGGTTCCCTGAAG).

Bioinformatics
[11]

Cosmic , a database cataloguing somatic mutations
in human cancer, was used to assess methylation mu
tations in human cancer tissues. Datasets for CRC, in
cluding GEO GSE20842, GSE8671, and GSE4183, as
[12]
well as TCGA , were used to assess the expression level

Treatment with 5-aza-2’-deoxycytidine

Cells were grown in appropriate culture conditions. For
demethylation treatment, colorectal cells were treated
with 5-aza-2’-deoxycytidine (5-Aza) (Sigma, United
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of FMN2. Data about DNA methylation, the patients, and
the samples were downloaded from the TCGA database
(https://cancergenome.nih.gov/).

largest and most comprehensive resource for exploring
the impact of somatic mutations in human cancer, was
used to analyze the somatic mutations of FMN2 in CRC
tissues. The result indicated that methylation was the
main somatic mutation and that FMN2 gene promoter
hypermethylation occurred in 37.37% of CRC tissues.
In addition, COSMIC indicated that FMN2 methylation
mainly occurred in CRC tissues and was the most
common somatic mutation among all human tumor
tissues and that FMN2 was one of the top 20 genes
with an extremely high frequency of hypermethylation
in CRC. Then, FMN2 gene promoter DNA methylation
profiles were downloaded from TCGA; the results re
vealed a statistically significant hypermethylation of
FMN2 in tumor tissues compared with adjacent non
tumor tissue samples (P < 0.0001) (Figure 1E). We
next assessed the accuracy of the FMN2 methylation
signature for the detection of CRC via receiver operating
characteristic curve analysis, and the analysis revealed
a good capability for discriminating between CRC and
nonneoplastic tissue specimens (AUC = 0.8432, 95%CI:
0.8022-0.8841; P < 0.0001) (Figure 1F).

Statistical analysis

GraphPad Prism 7 software was used to analyze the
data. The methylation and expression levels in normal,
adenoma, and cancerous tissues, as well as the me
thylation level in different clinical materials, were as
sessed by two-tailed unpaired Student’s t-tests; boxst
rd
whisker plots depict the means, 1 and 3 quartiles,
and minimum/maximum. The error bars in the figures
represent SDs. Spearman’s correlation coefficient (r) was
used to determine the correlation. Overall survival (OS)
and disease-free survival (DFS) were estimated using the
Kaplan-Meier method. Receiver operating characteristic
curves were constructed based on the level of FMN2
methylation. The data were considered nonsignificant for
P > 0.05.

RESULTS
Analysis of FMN2 expression in large-scale human CRC
expression datasets

Analysis of the features of methylation-associated FMN2
silencing in CRC tissue and cells

Previous studies demonstrated that FMN2 is underex
pressed in CRC. To further confirm the expression charac
teristics of FMN2 in CRC, we expanded our analysis to
published, large-scale human CRC expression datasets.
GSE20842, which contains 65 paired samples of tumor
and mucosal tissue samples from 65 CRC patients, was
used to assess FMN2 expression; we found a statistically
significant downregulation of FMN2 expression from
normal colorectal tissue to carcinoma tissue (P < 0.0001)
(Figure 1A). An identical pattern was observed in human
CRC samples from TCGA (P < 0.0001); however, it is
noteworthy that we found that the expression level of
FMN2 was significantly lower in early-stage CRC tissues
(stagesⅠ + Ⅱ vs stages Ⅲ + Ⅳ, P = 0.02) (Figure 1B),
which indicates that FMN2 downregulation may be an
important early event in CRC. To confirm this finding,
GSE8671, which contains 32 colorectal adenoma and
corresponding normal colonic mucosa samples, was
downloaded to analyze FMN2 expression; we found a sta
tistically significant downregulation of FMN2 expression
from normal colorectal tissue to adenoma tissue (P <
0.0001) (Figure 1C). In addition, we downloaded the
GSE4183 dataset, which contains colonic biopsies of 15
patients with CRC, 15 patients with adenoma, and 8
healthy normal controls, to simultaneously assess the
reduction of FMN2 in adenomas and cancer tissues. As
shown in Figure 1D, adenoma tissues displayed a greater
reduction in expression (P = 0.0002) than tumor tissues
(P = 0.01).

The majority of research indicates that promoter hyper
methylation is a key mediator underlying the down
regulation of gene expression. The high frequency of
hypermethylation in the FMN2 gene promoter and the
significant inverse correlation between methylation
levels and the expression of FMN2 in 372 CRC tissues
(Figure 2A) remind us that methylation is the main cause
of FMN2 gene silencing. To investigate this topic, nine
paired colorectal tumor samples and adjacent nontumor
tissue samples (for details, see Table 1) were selected for
™
RT-qPCR and MethylTarget assays. We first examined
FMN2 expression using RT-qPCR in these paired samples.
A significant reduction in FMN2 expression was observed
in seven of the nine CRC tissues (Figure 2B). Then,
based on the CpG islands adjacent to the FMN2 promoter
region, four CpG regions (FMN2-1, FMN2-2, FMN2-3,
and FMN2-4, the details of which can be found in Table
2) from CpG islands were amplified and sequenced. The
result demonstrated that CRC tissues revealed a stronger
methylation pattern than noncancerous tissues and
identified three CpG regions, namely, FMN2-2, FMN2-3,
and FMN2-4, with a statistically significant difference (P
= 0.0069, P = 0.0094, and P = 0.0005, respectively)
(Figure 2C-F; Table 2). Notably, tumor tissues (cases
1, 3-7, and 9) exhibiting lower FMN2 expression than
the corresponding noncancerous tissues displayed an
increase in methylation at these islands compared with
the noncancerous tissues, whereas CRC cases 2 and 8,
with moderate FMN2 expression, revealed a methylation
pattern similar to that of the corresponding noncancerous
tissues. Correlation analysis revealed a strong inverse
correlation between the methylation of island 2 (r =
-0.86), island 4 (r = -0.71), and island 3 (r = -0.78)

High frequency of hypermethylation occurs in the FMN2
gene promoter in CRC tissues

Somatic mutation in cancer is an important reason for
the aberrant expression of genes, so the Catalogue of
Somatic Mutations in Cancer (COSMIC), the world’s
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Figure 1 Colorectal tissues show decreased formin 2 expression and a high frequency of hypermethylation in the formin 2 promoter. A: Normalized
expression of formin 2 (FMN2) mRNA in carcinoma and adjacent normal tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE20842); B: Normalized
expression of FMN2 mRNA in tissue from different stages of carcinoma (according to the AJCC Cancer Staging Manual) and in normal tissue, presented as boxwhisker plots (unpaired t-test, colorectal cancer samples from TCGA); C: Normalized expression of FMN2 mRNA in adenoma and corresponding normal colonic
mucosal tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE8671); D: Normalized expression of FMN2 mRNA in normal, adenoma, and carcinoma
tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE4183); E: The FMN2 gene shows an increased methylation level in colorectal cancer tissues
compared with normal tissues (unpaired t-test, colorectal cancer samples from TCGA); F: Receiver operating characteristic curve analysis was used to assess the
clinical diagnostic utility of FMN2 DNA methylation for the prediction of colorectal cancer.
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Figure 2 Hypermethylation of formin 2 correlates with decreased expression of formin 2 during colorectal cancer. A: The expression of the formin 2 (FMN2)
gene is significantly inversely correlated with the methylation level (Pearson correlation analysis); B: Quantitative real-time RT-PCR for FMN2 was carried out on nine
colorectal cancer surgical specimens (filled bars) and paired noncancerous tissues (unfilled bars). The expression levels in the tumor samples were independently
calculated relative to those in the nontumor samples, which are normalized to 1. Vertical bar, SD; aP < 0.05, bP < 0.03, cP < 0.01 (unpaired t-test); C-F: Results of
™
MethylTarget assays on nine paired noncancerous tissues and colorectal cancer tissues. Four CpG regions (FMN2-1, FMN2-2, FMN2-3, and FMN2-4) from CpG
islands adjacent to the FMN2 promoter were sequenced (unpaired t-test. More details about the four CpG regions can be found in Table 2).

and FMN2 expression (data not shown). In addition, we
assessed the methylation level of each CG site in CpG
island regions and found that 8 of 14 CG sites in FMN2-1
and all CG sites in FMN2-2 (13/13), FMN2-3 (23/23),
and FMN2-4 (27/27) revealed a significantly stronger
methylation pattern in the tumor tissues than in the
corresponding noncancerous tissues (Table 4).
We next wondered whether promoter hypermethy

WJG|www.wjgnet.com

lation at these loci and FMN2 expression are causally
related. To answer this question, four CRC cell lines
(HCT116, HT29, SW480, and SW620) were selected
™
for MethylTarget assays. The result revealed a high
level of DNA methylation in all CRC cell lines, whereas
only limited methylation was observed in normal colon
tissue from a healthy individual (Figure 3A). Then, we
treated HCT116, HT29, and SW480 cells with 5-Aza;
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Table 4 Methylation level of each CG site in the CpG island regions
Target
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_1
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_2
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_3
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4
FMN2_4

Position

Type

P value (t -test)

OR (L95-U95) (logistic)

C mean

N mean

25
27
30
32
35
38
46
90
108
114
117
123
126
134
27
51
63
70
74
78
81
107
131
137
143
164
170
24
31
47
50
57
60
68
75
80
92
98
105
107
119
131
147
153
158
170
174
183
187
203
36
42
47
61
66
69
72
80
84
94
98
110
123
127
131
136
150

CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG

0.007774578
0.01061292
0.1359111
0.01875771
0.03998355
0.01419169
0.003990128
0.1134924
0.06252571
0.1134924
0.05030852
0.01061292
0.09391197
0.01875771
0.000493624
0.01419169
0.007774578
0.000781571
0.000493624
0.000287947
0.00185109
0.000493624
0.007774578
0.002756067
0.00123406
0.000287947
0.00123406
0.005635541
0.005635541
0.002756067
0.003990128
0.00123406
0.003990128
0.00185109
0.00123406
0.00123406
0.00185109
0.00123406
0.000781571
0.007774578
0.00123406
0.000493624
0.007774578
0.000493624
8.23E-05
4.11E-05
4.11E-05
0.000287947
0.000287947
0.000781571
0.003990128
0.002756067
0.000781571
0.005386639
0.0003108
8.23E-05
0.003990128
4.11E-05
0.00185109
0.002756067
0.003990128
0.00185109
0.000781571
0.00185109
8.23E-05
0.003990128
4.11E-05

2.1731 (0.9323-5.0653)
1.5266 (0.8980-2.5953)
1.3535 (0.7970-2.2986)
1.7416 (0.8662-3.5016)
1.2722 (0.8959-1.8068)
1.6993 (0.8462-3.4125)
2.2454 (0.9140-5.5161)
1.3103 (0.6401-2.6825)
1.2532 (0.7873-1.9948)
1.1858 (0.8641-1.6273)
1.3499 (0.8867-2.0550)
2.2247 (0.9162-5.4017)
1.2852 (0.7471-2.2110)
2.4645 (0.6195-9.8050)
1.3442 (1.0433-1.7321)
1.2762 (0.9670-1.6843)
1.4062 (0.9872-2.0030)
1.3753 (1.0378-1.8226)
1.3079 (1.0283-1.6636)
1.3676 (1.0603-1.7639)
1.3630 (0.9664-1.9224)
1.3025 (0.9942-1.7063)
1.2706 (0.9662-1.6708)
1.3002 (0.9986-1.6928)
1.3743 (1.0297-1.8341)
1.3527 (1.0108-1.8101)
1.2431 (1.0019-1.5424)
1.3854 (0.9994-1.9207)
1.4241 (0.9731-2.0841)
1.3776 (0.9695-1.9574)
1.3787 (1.0219-1.8599)
1.3592 (1.0212-1.8091)
1.5630 (0.9433-2.5897)
1.3474 (1.0273-1.7673)
1.3787 (0.9962-1.9082)
1.3582 (0.9518-1.9380)
1.3665 (0.9746-1.9159)
1.3200 (0.9414-1.8509)
1.4801 (0.9296-2.3566)
1.2402 (1.0141-1.5168)
1.4326 (0.9810-2.0921)
1.7790 (0.9589-3.3006)
1.3343 (0.9443-1.8856)
1.5405 (0.9677-2.4523)
1.9417 (0.8981-4.1979)
1714240.0000 (0.0000-Inf)
11577516733.0000 (0.0000-Inf)
1.6836 (0.9224-3.0731)
1.4526 (0.9861-2.1399)
1.4980 (0.9815-2.2861)
1.1409 (1.0248-1.2702)
1.2068 (1.0353-1.4068)
1.2264 (1.0309-1.4589)
1.1552 (1.0206-1.3075)
243.9222 (0.0000-Inf)
1.7294 (0.6520-4.5874)
1.2209 (1.0296-1.4477)
2515571.0000 (0.0000-Inf)
1.2366 (1.0241-1.4931)
1.2121 (1.0363-1.4178)
1.1618 (1.0236-1.3186)
1.1712 (1.0253-1.3378)
1.2218 (1.0321-1.4463)
1.2220 (1.0324-1.4464)
1.3179 (1.0259-1.6931)
1.1979 (1.0209-1.4054)
1217702.0000 (0.0000-Inf)

0.17
0.16
0.15
0.16
0.18
0.16
0.15
0.16
0.17
0.18
0.19
0.16
0.16
0.16
0.28
0.17
0.37
0.24
0.31
0.25
0.21
0.24
0.15
0.21
0.20
0.29
0.28
0.20
0.23
0.24
0.22
0.25
0.19
0.23
0.26
0.24
0.23
0.27
0.22
0.21
0.19
0.22
0.20
0.22
0.31
0.32
0.34
0.28
0.27
0.25
0.41
0.38
0.37
0.38
0.40
0.42
0.4
0.48
0.39
0.38
0.36
0.44
0.40
0.39
0.38
0.34
0.54

0.04
0.03
0.03
0.04
0.05
0.03
0.02
0.03
0.04
0.05
0.04
0.03
0.03
0.02
0.07
0.04
0.25
0.05
0.07
0.05
0.05
0.06
0.03
0.05
0.04
0.07
0.08
0.05
0.04
0.06
0.05
0.06
0.04
0.06
0.06
0.05
0.05
0.06
0.04
0.05
0.04
0.04
0.04
0.05
0.08
0.08
0.08
0.06
0.06
0.05
0.14
0.12
0.10
0.10
0.09
0.09
0.13
0.18
0.12
0.12
0.11
0.19
0.10
0.11
0.08
0.09
0.22
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Figure 3 Promoter hypermethylation and formin 2 expression are causally related. A: Results of MethylTarget assays on four colorectal cancer cell lines and
normal colon cells from a healthy individual; B: The inhibition of DNA methylation with 5-Aza significantly increased the endogenous FMN2 expression (unpaired t-test).
™

the inhibition of DNA methylation by 5-Aza significantly
increased the endogenous FMN2 expression (Figure 3B).

cording to the primary tumor site, and the result showed
that there were statistically significant differences among
the means (P < 0.0001) and that tumors located in the
sigmoid colon and rectum had a relatively low FMN2 me
thylation level (Figure 4D). Furthermore, we found that
FMN2 promoter hypermethylation was not associated
with OS or DFS (Figure 4E and F). All these results
indicated that FMN2 promoter hypermethylation mainly
occurred in elderly and early-stage patients with colon
cancer.

FMN2 promoter hypermethylation is an early event in
CRC

To analyze the clinicopathological significance of FMN2
promoter methylation, we divided the patients into a
high-methylation group and a low-methylation group
according to the median value of methylation. The as
sociation between clinicopathological factors and FMN2
methylation was analyzed (Table 5). High FMN2 methy
lation was associated with age (P = 0.0006), N stage
(P = 0.0293), pathologic tumor stage (P = 0.0161),
and lymphovascular invasion (P = 0.0180). Notably, the
association analysis showed that the highest methylation
level of FMN2 occurred in tissues from cases of earlystage CRC, including cases with no regional lymph node
metastasis (N0), cases in stagesⅠ and Ⅱ, and cases with
no lymphovascular invasion; the methylation level began
to decrease with tumor progression. To understand our
conclusions more intuitively, we then performed unpaired
t-tests based on the pathological data. An identical pat
tern is shown in Figure 4A-C; DNA methylation of the
FMN2 gene increased from normal tissues to cancer
tissues, reaching the highest level in early-stage cancer
(N0, stagesⅠ and Ⅱ, and no lymphovascular invasion)
and decreasing stepwise in advanced-stage carcinomas.
However, it is worth noting that the methylation level of
FMN2 in advanced-stage carcinomas is still significantly
higher than that in normal tissue (P < 0.0001). Addi
tionally, we analyzed the methylation level of FMN2 ac
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DISCUSSION
In this article we first reported that a high frequency of
hypermethylation occurred in the promoter of the FMN2
gene in CRC tissues and that hypermethylation was
responsible for the silencing of FMN2, which suggests
that the epigenetic silencing of FMN2 may be an im
portant event in CRC. To the best of our knowledge,
although FMN2 was one of the top 20 genes with an
extremely high frequency of hypermethylation in CRC
(COSMIC, https://cancer.sanger.ac.uk/cosmic), this study
is the first and only to investigate the regulation of the
FMN2 gene by methylation.
Previously, studies and investigations of publicly
available datasets in FireBrowse (http://firebrowse.org/)
have demonstrated differential FMN2 RNA expression
in human tumors, depending on the tumor type. For
example, FMN2 is overexpressed in approximately
[5]
95% of pre-B acute lymphoblastic leukemias but is
underexpressed in kidney renal clear cell carcinoma
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Table 5 Relationship between formin 2 methylation levels and clinicopathological data
Factor

FMN2

No.

Age (yr)
< 60
≥ 60
Gender
Male
Female
Height (cm)
< 170
≥ 170
Weight (kg)
< 80
≥ 80
T
T1
T2
T3
T4
N
N0
N1 + N2
M
M0
M1
Stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Lymphovascular invasion
Yes
No
Vascular invasion
Yes
No
Perineural invasion
Yes
No
Tumor status
Tumor-free
Tumor-present
KRAS mutation
Yes
No

P value

Low, n (%)

High, n (%)

136
252

66 (45.83)
78 (54.17)

70 (28.69)
174 (71.31)

0.00061

210
178

72 (50.00)
72 (50.00)

138 (56.56)
106 (43.44)

0.2105

138
151

52 (48.60)
55 (51.40)

86 (47.25)
96 (52.75)

0.8250

156
152

56 (49.12)
58 (50.88)

100 (51.55)
94 (48.45)

0.6812

11
54
270
51

5 (3.47)
16 (11.11)
106 (73.61)
17 (11.81)

6 (2.47)
38 (15.71)
164 (67.77)
34 (14.05)

0.4830

212
173

69 (47.92)
75 (52.08)

143 (59.34)
98 (40.66)

0.02931

264
53

98 (80.33)
24 (19.67)

166 (85.13)
29 (14.87)

0.2651

197
172

62 (45.26)
75 (54.74)

135 (58.19)
97 (41.81)

0.01611

231
107

77 (60.63)
50 (39.37)

154 (72.99)
57 (27.01)

0.01801

78
254

31 (24.80)
94 (75.20)

47 (22.71)
160 (77.29)

0.6627

59
170

20 (24.39)
62 (75.61)

39 (26.53)
108 (73.47)

0.7225

246
82

86 (71.07)
35 (28.93)

160 (77.29)
47 (22.71)

0.2094

28
28

8 (42.11)
11 (57.89)

20 (54.05)
17 (45.95)

0.3972

1

Indicates a statistically significant result. TNM stage was defined according to the AJCC Cancer Staging Manual. Tumor status: The state or condition of an
individual's neoplasm at a particular point in time.

(FireBrowse); the mechanism underlying these pheno
mena has not been studied. In our research, we iden
tified that FMN2 is underexpressed in CRC tissues and
were the first to explore the underlying mechanism.
Epigenetic modifications of DNA, such as DNA promoter
hypermethylation, have critical roles in mediating gene
expression in mammalian development and human
[13]
disease . Methylation-mediated silencing of some
genes in CRC has been reported in previous studies; for
example, Lgr5 methylation, by effecting Lgr5 expression
and CRC stem cell differentiation, may serve as a novel
[14]
prognostic marker in CRC patients . SMYD3 promoter
hypomethylation suppressed SMYD3 expression and was
[15]
associated with the risk of CRC . Based on the fact that
a high frequency of hypermethylation occurred in the
FMN2 gene promoter in CRC tissues, we found that both
the downregulation of FMN2 expression and the high

WJG|www.wjgnet.com

frequency of hypermethylation occurred at the earliest
stages of carcinogenesis; furthermore, these parameters
had a significant inverse correlation in both our study and
in published, large-scale human CRC electronic datasets.
™
We also carried out MethylTarget assays in paired CRC
tissues and inhibited DNA methylation with 5-Aza in CRC
cells, which identified that hypermethylation and FMN2
expression are causally related.
It is particularly important to determine which CpG
islands adjacent to the promoter affect the expression
of a gene, because this knowledge can provide direc
tions for future research and potential targets for
[16]
treatment. For example, Tavazoie SF
found that the
Mest/miR-335 promoter contained three CpG islands
upstream of the transcriptional start site; among these
CpG islands, island 3 demonstrated a strong inverse
correlation between methylation and miR-335 expression
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Figure 4 Formin 2 promoter hypermethylation mainly occurs in early-stage colon cancer patients. A: Formin 2 (FMN2) promoter methylation level in colorectal
cancer (CRC) tissues with (yes) and without (no) lymphovascular invasion, presented as column means with 95%CI, mean connected. (unpaired t-test; normal: n =
45, CRC tissues with and without lymphovascular invasion: n = 231 and n = 107, respectively); B: FMN2 promoter methylation level in CRC tissues with (N1 + N2)
and without (N0) regional lymph node metastasis, presented as column means with 95%CI, mean connected (unpaired t-test, Normal: n = 45, CRC tissues with and
without regional lymph node metastasis: n = 212 and n = 173, according to the AJCC Cancer Staging Manual); C: FMN2 promoter methylation level in CRC tissues
from different stages, presented as column means with 95%CI, mean connected (unpaired t-test; Normal: n = 45, Stages Ⅰ + Ⅱ: n = 197, Stages Ⅲ + Ⅳ: n =
172, according to the AJCC Cancer Staging Manual); D: FMN2 promoter methylation level in different organ sites, presented as column means with 95%CI, mean
connected; E and F: FMN2 hypermethylation has no effect on the overall survival or disease-free survival of CRC patients.
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(r = -0.81). The methylation status of island 3 plays a
key role in inhibiting miR-335 expression. An identical
pattern was observed in our study; we found that al
though the methylation status of FMN2-2, -3 and -4
was significantly increased in the eight CRC tissues, the
methylation of FMN2-1 was not significantly higher than
that in the paired nontumor tissues. All these findings
suggest that during CRC progression, FMN2 expression
may be mainly mediated by the methylation of a specific
CpG island region in the FMN2 promoter.
In addition, we found that the hypermethylation of
FMN2 was significantly associated with age, N stage,
pathologic tumor stage, and lymphovascular invasion.
Notably, the association analysis showed that the
highest methylation level of FMN2 occurred in tissues
from cases of early-stage CRC, including cases with no
regional lymph node metastasis (N0), cases in stagesⅠ
and Ⅱ, and cases with no lymphovascular invasion and
that the methylation level began to decrease with tu
mor progression. Identical results have been reported
in previous research. In endometrial tumorigenesis,
[17]
Schneider-Stock
found that DNA methylation of the
APC gene increased from atypical hyperplasia (23.5%)
to endometrial carcinoma, reaching its highest level
of 77.4% in early-stage cancer (FIGO stagesⅠ and
Ⅱ ) and decreasing stepwise to 24.2% in advancedstage carcinomas (FIGO stages Ⅲ and Ⅳ). Epigenetic
inactivation of the candidate tumor suppressor USP44
[18]
is a frequent and early event in colorectal neoplasia ,
and P16 methylation is an early event in cervical car
[19]
cinogenesis . All these studies, along with ours, have
identified that DNA hypermethylation can be an early
event in tumorigenesis. Hypermethylation most likely
plays a critical role in cancer initiation, and creates an
environment conducive to the overwhelming accumu
lation of simultaneous genetic and epigenetic muta
[20]
tions . Additionally, we identified that patients younger
than 60 years and patients with tumors located in the
sigmoid colon and rectum exhibit relatively low FMN2
methylation levels, which indicates that the methylationassociated silencing of FMN2 may be involved in specific
[21]
patients. In addition, Grady identified that the patterns
of DNA methylation in the colon vary by anatomical
location, patient gender, and patient age.
In summary, we identified that the RNA expression
of FMN2 is reduced in CRC tissues and were the first
to reveal that the hypermethylation of specific CpG
islands adjacent to the FMN2 promoter is the mecha
nism underlying FMN2 silencing. Although the FMN2
methylation is significantly stronger in tumor tissues than
in paired nontumor tissues, the methylation level begins
to decrease with tumor progression, which suggests that
DNA hypermethylation is an early event in CRC tumo
rigenesis and can serve as a biomarker for the detection
of CRC.

morbidity, and some critical genes and pathways were important in the initiation
and progression of CRC. Recent studies have shown that formin 2 (FMN2) may
be down-regulated in CRC. Whether FMN2 is abnormally expressed in CRC
and what causes its abnormal expression are unclear. Revealing the role of
FMN2 in CRC may provide potential therapeutic targets.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

Research perspectives

Research motivation

Epigenetic modifications of DNA, especially promoter hypermethylation,
have critical roles in mediating some gene expression in the initiation and
progression of CRC. Whether abnormal DNA methylation changes can occur
in the promoter of the FMN2 gene in CRC and whether such changes can be
responsible for the silencing of FMN2 are poorly known. So the main topic in
this article is to try to solve this question that epigenetic silencing of FMN2 may
be an important event in CRC. All can provide the basis and direction for future
research.

Research objectives

This study focuses on whether FMN2 is underexpressed in CRC, and whether
methylation changes occur in CpG islands located in the promoter region of
FMN2. If changes occur, what are the characteristics of fragments and CpG
sites in these CpG islands? What is the core fragment of the change? Does
methylation change silence the expression of FMN2, and is there a correlation
between methylation changes in FMN2 and clinical indicators of CRC? The
answers to these questions can better explain the role of FMN2 in CRC.

Research methods

Large-scale human CRC expression datasets, including GEO and TCGA, were
used to assess the expression levels and methylation levels of FMN2 in CRC.
Then, the mRNA levels of FMN2 in our own clinical samples was analyzed
by real-time quantitative polymerase chain reaction, and the methylation
levels in four CpG regions adjacent to the FMN2 promoter were assessed by
™
MethylTarget assays in CRC cells and in paired colorectal tumor samples and
adjacent nontumor tissue samples. Furthermore, we performed demethylation
treatment in CRC cells with 5-Aza-2’-deoxycytidine and assessed the
expression of FMN2 by qRT-PCR. Last, the association between FMN2
methylation patterns and clinical indicators was analyzed.

Research results

FMN2 is underexpressed in CRC, and the most obvious low expression
occurs in early colon cancer tissues. Subsequent analysis coming from largescale human CRC datasets showed that FMN2 was one of the top 20 genes
with an extremely high frequency of hypermethylation in CRC, methylation
was the main somatic mutation, and FMN2 gene promoter hypermethylation
occurred in 37.37% of CRC tissues. Our own experiments confirmed that CRC
cells and tissues displayed higher methylation levels in CpG regions of FMN2
than nontumor tissue samples. Correlation analysis showed a strong inverse
correlation between methylation and FMN2 expression. Treatment of CRC cells
with demethylation reagent, 5-Aza-2’-deoxycytidine, can significantly increase
endogenous FMN2 expression. The highest methylation of FMN2 occurred
in tissues from cases of early-stage CRC, including cases with no regional
lymph node metastasis (N0), cases in stages I and II, and cases with no
lymphovascular invasion. Additionally, FMN2 promoter hypermethylation was
more common in patients > 60 years and in colon cancer tissue.

Research conclusions

In this article we confirmed the low expression of FMN2 in CRC and first
reported that a high frequency of hypermethylation occurred in the promoter of
the FMN2 gene in CRC tissues and that hypermethylation was responsible for
the silencing of FMN2. It is worth noting that we found that the low expression
and hypermethylation of FMN2 occurred more prominently in early colon
cancer tissues, which suggests that DNA hypermethylation leading to the
low expression of the FMN2 gene may be an important early event in CRC,
most likely playing a critical role in cancer initiation, and can serve as an ideal
diagnostic biomarker in elderly patients with early-stage colon cancer.

In the era of big data, the rational use of tumor databases such as TCGA, GEO,
and COSMIC can provide us with valuable information. The emergence of
some new technologies can provide more accurate data for our experiments.

Research background

Colorectal cancer (CRC) is a critical contributor to cancer mortality and
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For example, MethylTarget assays developed by Genesky BioTech used in
this article can be used very well for methylation analysis. Involvement of the
methylation-associated silencing of FMN2 in colorectal carcinogenesis may
be a valuable research direction. Future research can select more clinical
specimens to explore whether it can be used as a good clinical diagnostic
index, and can also develop demethylation treatment. The article on the
relationship between FMN2 and CRC is rare, so further study investigating
whether FMN2 participates in the process of colorectal carcinogenesis and its
underlying mechanisms are very important.

11

12
13

REFERENCES
1
2
3
4
5

6

7

8

9

10

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J
Clin 2018; 68: 7-30 [PMID: 29313949 DOI: 10.3322/caac.21442]
Zeuner A, Todaro M, Stassi G, De Maria R. Colorectal cancer stem
cells: from the crypt to the clinic. Cell Stem Cell 2014; 15: 692-705
[PMID: 25479747 DOI: 10.1016/j.stem.2014.11.012]
Roncucci L, Mariani F. Prevention of colorectal cancer: How many
tools do we have in our basket? Eur J Intern Med 2015; 26: 752-756
[PMID: 26499755 DOI: 10.1016/j.ejim.2015.08.019]
Faix J, Grosse R. Staying in shape with formins. Dev Cell 2006; 10:
693-706 [PMID: 16740473 DOI: 10.1016/j.devcel.2006.05.001]
Charfi C, Voisin V, Levros LC Jr, Edouard E, Rassart E. Gene
profiling of Graffi murine leukemia virus-induced lymphoid
leukemias: identification of leukemia markers and Fmn2 as a potential
oncogene. Blood 2011; 117: 1899-1910 [PMID: 21135260 DOI:
10.1182/blood-2010-10-311001]
Yamada K, Ono M, Perkins ND, Rocha S, Lamond AI. Identification
and functional characterization of FMN2, a regulator of the cyclindependent kinase inhibitor p21. Mol Cell 2013; 49: 922-933 [PMID:
23375502 DOI: 10.1016/j.molcel.2012.12.023]
Liu P, Lu Y, Liu H, Wen W, Jia D, Wang Y, You M. Genome-wide
association and fine mapping of genetic loci predisposing to colon
carcinogenesis in mice. Mol Cancer Res 2012; 10: 66-74 [PMID:
22127497 DOI: 10.1158/1541-7786.MCR-10-0540]
Chen Wenping, Shi Hai, Zhou Yi, Li Xiaohua, Chu Dake, Liu
Zhaoxu. Expression and significance of Formin2 protein in colorectal
cancer. Chinese J of Dig Surge 2015: 335-338 [DOI:10.3760/cma.
j.issn.1673-9752.2015.04.015]
Zhou S, Zhang Y, Wang L, Zhang Z, Cai B, Liu K, Zhang H, Dai M,
Sun L, Xu X, Cai H, Liu X, Lu G, Xu G. CDKN2B methylation is
associated with carotid artery calcification in ischemic stroke patients.
J Transl Med 2016; 14: 333 [PMID: 27905995 DOI: 10.1186/
s12967-016-1093-4]
Pu W, Wang C, Chen S, Zhao D, Zhou Y, Ma Y, Wang Y, Li C, Huang
Z, Jin L, Guo S, Wang J, Wang M. Targeted bisulfite sequencing
identified a panel of DNA methylation-based biomarkers for

14

15

16

17

18

19

20
21

esophageal squamous cell carcinoma (ESCC). Clin Epigenetics 2017;
9: 129 [PMID: 29270239 DOI: 10.1186/s13148-017-0430-7]
Forbes SA, Beare D, Boutselakis H, Bamford S, Bindal N, Tate J, Cole
CG, Ward S, Dawson E, Ponting L, Stefancsik R, Harsha B, Kok CY,
Jia M, Jubb H, Sondka Z, Thompson S, De T, Campbell PJ. COSMIC:
somatic cancer genetics at high-resolution. Nucleic Acids Res 2017; 45:
D777-D783 [PMID: 27899578 DOI: 10.1093/nar/gkw1121]
Cancer Genome Atlas Network. Comprehensive molecular
characterization of human colon and rectal cancer. Nature 2012; 487:
330-337 [PMID: 22810696 DOI: 10.1038/nature11252]
Schübeler D. Function and information content of DNA methylation.
Nature 2015; 517: 321-326 [PMID: 25592537 DOI: 10.1038/
nature14192]
Su S, Hong F, Liang Y, Zhou J, Liang Y, Chen K, Wang X, Wang Z,
Wang Z, Chang C, Han W, Gong W, Qin H, Jiang B, Xiong H, Peng L.
Lgr5 Methylation in Cancer Stem Cell Differentiation and PrognosisPrediction in Colorectal Cancer. PLoS One 2015; 10: e0143513 [PMID:
26599100 DOI: 10.1371/journal.pone.0143513]
Li B, Pan R, Zhou C, Dai J, Mao Y, Chen M, Huang T, Ying X, Hu
H, Zhao J, Zhang W, Duan S. SMYD3 promoter hypomethylation is
associated with the risk of colorectal cancer. Future Oncol 2018; 14:
1825-1834 [PMID: 29969917 DOI: 10.2217/fon-2017-0682]
Png KJ, Yoshida M, Zhang XH, Shu W, Lee H, Rimner A, Chan
TA, Comen E, Andrade VP, Kim SW, King TA, Hudis CA, Norton
L, Hicks J, Massagué J, Tavazoie SF. MicroRNA-335 inhibits tumor
reinitiation and is silenced through genetic and epigenetic mechanisms
in human breast cancer. Genes Dev 2011; 25: 226-231 [PMID:
21289068 DOI: 10.1101/gad.1974211]
Ignatov A, Bischoff J, Ignatov T, Schwarzenau C, Krebs T, Kuester D,
Costa SD, Roessner A, Semczuk A, Schneider-Stock R. APC promoter
hypermethylation is an early event in endometrial tumorigenesis.
Cancer Sci 2010; 101: 321-327 [PMID: 19900189 DOI: 10.1111/
j.1349-7006.2009.01397.x]
Sloane MA, Wong JW, Perera D, Nunez AC, Pimanda JE, Hawkins
NJ, Sieber OM, Bourke MJ, Hesson LB, Ward RL. Epigenetic
inactivation of the candidate tumor suppressor USP44 is a frequent and
early event in colorectal neoplasia. Epigenetics 2014; 9: 1092-1100
[PMID: 24837038 DOI: 10.4161/epi.29222]
Huang LW, Pan HS, Lin YH, Seow KM, Chen HJ, Hwang JL.
P16 methylation is an early event in cervical carcinogenesis. Int J
Gynecol Cancer 2011; 21: 452-456 [PMID: 21436693 DOI: 10.1097/
IGC.0b013e31821091ea]
Taby R, Issa JP. Cancer epigenetics. CA Cancer J Clin 2010; 60:
376-392 [PMID: 20959400 DOI: 10.3322/caac.20085]
Kaz AM, Wong CJ, Dzieciatkowski S, Luo Y, Schoen RE, Grady
WM. Patterns of DNA methylation in the normal colon vary by
anatomical location, gender, and age. Epigenetics 2014; 9: 492-502
[PMID: 24413027 DOI: 10.4161/epi.27650]
P- Reviewer: Bordonaro M, Leon J, Noda H S- Editor: Wang XJ
L- Editor: Wang TQ E- Editor: Yin SY

WJG|www.wjgnet.com

5024

November 28, 2018|Volume 24|Issue 44|

World J Gastroenterol 2018 November 28; 24(44): 5025-5033

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i44.5025

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

ORIGINAL ARTICLE
Retrospective Cohort Study

Timing of upper gastrointestinal endoscopy does not
influence short-term outcomes in patients with acute
variceal bleeding
Jeong-Ju Yoo, Young Chang, Eun Ju Cho, Ji Eun Moon, Sang Gyune Kim, Young Seok Kim, Yun Bin Lee,
Jeong-Hoon Lee, Su Jong Yu, Yoon Jun Kim, Jung-Hwan Yoon
Jeong-Ju Yoo, Sang Gyune Kim, Young Seok Kim, Department
of Gastroenterology and Hepatology, Soonchunhyang University
school of Medicine, Bucheon 14584, South Korea

anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.
Conflict-of-interest statement: All authors have no conflict of
interest with respect to the subjects described in this article.

Young Chang, Eun Ju Cho, Yun Bin Lee, Jeong-Hoon Lee,
Su Jong Yu, Yoon Jun Kim, Jung-Hwan Yoon, Department of
Internal Medicine and Liver Research Institute, Seoul National
University College of Medicine, Seoul 03080, South Korea

Data sharing statement: No additional data are available.
STROBE statement: The authors have read the STROBE
Statement-checklist of items, and the manuscript was prepared
and revised according to the STROBE Statement-checklist of
items.

Ji Eun Moon, Department of Biostatistics, Clinical Trial Center,
Soonchunhyang University Bucheon Hospital, Bucheon 14584,
South Korea
ORCID number: Jeong-Ju Yoo (0000-0002-7802-0381);
Young Chang (0000-0001-7752-7618); Eun Ju Cho (00000002-2677-3189); Ji Eun Moon (0000-0002-0887-703X);
Sang Gyune Kim (0000-0001-8694-777X); Young Seok Kim
(0000-0002-7113-3623); Yun Bin Lee (0000-0002-3193-9745);
Jeong-Hoon Lee (0000-0002-0315-2080); Su Jong Yu
(0000-0001-8888-7977); Yoon Jun Kim (0000-0001-9141-7773);
Jung-Hwan Yoon (0000-0002-9128-3610).

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/

Author contributions: All authors helped to perform the
research; Yoo JJ and Chang Y contributed equally as co-first
authors; Yoo JJ and Chang Y did the manuscript writing, drafting
conception and design, and data analysis; Moon JE did the
manuscript writing, and data analysis; Kim SG, Kim YS, Lee YB,
Lee JH, Yu SJ, Kim YJ, and Yoon JH made contribution to the
manuscript writing; Cho EJ made contribution to the manuscript
writing, conception drafting and design.

Manuscript source: Unsolicited manuscript
Corresponding author to: Eun Ju Cho, MD, PhD, Assistant
Professor, Department of Internal Medicine and Liver Research
Institute, Seoul National University College of Medicine, 101
Daehak-no, Jongno-gu, Seoul 03080,
South Korea. creatio3@snu.ac.kr
Telephone: +82-2-20722228
Fax: +82-2-7436701

Institutional review board statement: The study protocol was
approved by the Institutional Review Board of each hospital, and
also conformed to the ethical guidelines of the World Medical
Association Declaration of Helsinki (H-1801-057-914, SCH
2018-06-013).

Received: August 30, 2018
Peer-review started: August 30, 2018
First decision: October 14, 2018
Revised: October 15, 2018
Accepted: November 13, 2018
Article in press: November 13, 2018

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used

WJG|www.wjgnet.com

5025

November 28, 2018|Volume 24|Issue 44|

Yoo JJ et al . Timing of endoscopy in acute variceal bleeding
Published online: November 28, 2018

Yoo JJ, Chang Y, Cho EJ, Moon JE, Kim SG, Kim YS, Lee
YB, Lee JH, Yu SJ, Kim YJ, Yoon JH. Timing of upper
gastrointestinal endoscopy does not influence short-term
outcomes in patients with acute variceal bleeding. World J
Gastroenterol 2018; 24(44): 5025-5033 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i44/5025.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i44.5025

Abstract
AIM
To examine the association between the timing of endo
scopy and the short-term outcomes of acute variceal
bleeding in cirrhotic patients.

INTRODUCTION

METHODS
This retrospective study included 274 consecutive patients
admitted with acute esophageal variceal bleeding of two
tertiary hospitals in Korea. We adjusted confounding
factors using the Cox proportional hazards model and the
inverse probability weighting (IPW) method. The primary
outcome was the mortality of patients within 6 wk.

Variceal bleeding is a common complication of cirrhosis of
the liver, and in patients with cirrhosis, is found to be the
[1]
cause of 60%-65% of bleeding episodes . It increases
the risk of mortality by approximately 15%-20%. Many
guidelines recommend a standardized treatment of
[2-5]
acute variceal bleeding . Endoscopic procedures and
endoscopic hemostasis techniques, e.g., band ligation,
are considered very important in the treatment of such
[6]
patients , with most guidelines recommending that
emergency endoscopy be performed within 12 h of hos
[4-6]
pital arrival .
However, this recommendation appears to be based
on “expert opinion”, rather than on the level of evidence,
which is in fact very low. For example, one survey
showed significant variability in gastoenterologists’ opi
nion of the timing of emergency endoscopy following
[7]
variceal bleeding . Moreover, there is little related re
search to date to support this current recommendation
[8,9]
of endoscopy within 12 h of hospital arrival . However,
providing better evidence by clinically performing a
randomized controlled trial on these acutely ill patients is
problematic, because of their unstable vital signs and the
ethical problems that would arise from this type of study.
Compared to other medical treatments such as
vasoactive agents, endoscopy is a relatively invasive
procedure and both the risk and benefit to the patient
need to be considered. If unnecessary endoscopies are
frequently performed, medical staff fatigue may increase
[10]
dramatically, and so may the medical costs . Moreover,
if endoscopy is performed too early, the examination
may be may not be adequate; for example it may be
marred by remnant blood clots etc. As well, the risk
of a procedure-related complication tends to increase
when endoscopy is performed too early in patients
with unstable condition compared to when performed
[10,11]
in a more stable state
. To date, a gold standard
recommended timing of endoscopy in patients with acute
variceal bleeding has not been clearly determined.
The aim of this study was to examine the association
between the timing of endoscopy and clinical outcomes
in acute esophageal variceal bleeding.

RESULTS
A total of 173 patients received urgent endoscopy (i.e. ,
≤ 12 h after admission), and 101 patients received nonurgent endoscopy (> 12 h after admission). The 6-wk
mortality rate was 22.5% in the urgent endoscopy group
and 29.7% in the non-urgent endoscopy group, and there
was no significant difference between the two groups
before (P = 0.266) and after IPW (P = 0.639). The
length of hospital stay was statistically different between
the urgent group and non-urgent group (P = 0.033);
however, there was no significant difference in the inhospital mortality rate between the two groups (8.1%
vs 7.9%, P = 0.960). In multivariate analyses, timing of
endoscopy was not associated with 6-wk mortality (hazard
ratio, 1.297; 95% confidence interval, 0.806-2.089; P =
0.284).
CONCLUSION
In cirrhotic patients with acute variceal bleeding, the
timing of endoscopy may be independent of short-term
mortality.
Key words: Cirrhosis; Endoscopy; Upper gastrointestinal
bleeding; Gastroesophageal varices; Timing
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most guidelines recommend performing endo
scopy for acute variceal bleeding within 12 h. However,
the evidence level for this recommendation is very
low. We found that, after inverse probability weighting
matching, compared to non-urgent endoscopy, performing
endoscopy within 12 h of admission (so-called urgent
endoscopy) was not associated with short-term prognosis,
including overall survival at 6 wk or transplant-free survival
at 6 wk. Rather, age, hepatocellular carcinoma, model for
end-stage liver disease score, and degree of ascites were
related to short-term mortality. These results indicate
that, in cirrhotic patients with acute variceal bleeding, the
timing of endoscopy does not appear to be associated
with short-term prognosis.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

We collected the data of cirrhotic patients undergoing
routine clinical care in either of two tertiary hospitals
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(Seoul National University Hospital and Soon Chun Hyang
University Bucheon Hospital) between January 2011 and
December 2015. The inclusion criteria were as follows: (1)
Cirrhotic patients admitted via the emergency room (ER)
with upper gastrointestinal bleeding (UGIB), and diag
nosed through endoscopy with acute variceal bleeding;
and (2) aged over 19 years. Exclusion criteria were as
follows: (1) Patients who did not undergo endoscopic
examination during ER stay (n = 38); (2) UGIB from
other than variceal bleeding (e.g., peptic ulcer bleeding,
portal hypertensive gastropathy bleeding) (n = 165);
or (3) if endoscopy had been performed within 7 d prior
to admission (n = 7). In total, 484 patients met the
inclusion criteria and 210 patients were excluded as
above. Finally, 274 patients were analyzed.

bleeding, the earliest visit was selected for inclusion in
the analysis. Demographics, relevant medical history,
any comorbid conditions, and relevant laboratory findings
at the time of admission were collected. Two widelystudied UGIB prognostic scores of each of the patients,
namely the Glasgow-Blatchford score (GBS) and the
[12,13]
Rockall score, were also calculated
. If the patient
had died during the study period, the cause of death was
evaluated from hospital records, where possible.

Definitions

Time to endoscopy was defined as the time interval
from the hospital arrival to the initial endoscopic exami
[14]
nation . Urgent endoscopy was defined according to
the guidelines as an endoscopic examination performed
within 12 h of admission, and non-urgent endoscopy
[5]
defined as one performed after 12 h .
The primary outcome for this study was the 6-wk
mortality rate following variceal bleeding. The secondary
outcomes were: 6-wk mortality or transplantation rates,
hospital admission duration, in-hospital mortality, and rebleeding rate.

Standard of care and endoscopic procedure

When a cirrhotic patient with UGIB arrived at the ER
of each hospital, adequate fluid resuscitation, a pro
phylactic antibiotic, and a vasoactive drug with terli
pressin were immediately administered at the time of
admission. If peptic ulcer bleeding could not be ruled
out, a proton pump inhibitor was also administrated. An
emergency medical specialist first examined the patient,
and consulted a gastrointestinal (GI) specialist about
whether an endoscopy was to be performed. Then, the
GI specialist determined the timing of the endoscopy,
considering each patient’s age, presence of comor
bidities such as renal failure or cardiopulmonary disease,
presence of hepatic encephalopathy, hemodynamic
instability, and laboratory abnormalities including ane
mia, lactic acidosis and coagulopathy. If patients did
not exhibit poor clinical factors or they had signs of
hepatic encephalopathy more than grade Ⅲ, delayed
endoscopic examination was considered. (In both hos
pitals, a GI specialist with technical expertise in the
use of endoscopic devices is on call 24 h a day, 7 d a
week.) Therapeutic endoscopy was performed using
standard video-endoscopes (GIF-Q260 or GIF-Q290;
Olympus, Tokyo, Japan). When EVL failed, salvage treat
ments including endoscopic variceal obturation (EVO)
using n-butyl-2-cyanoacrylate (NBC), insertion of a
Sengstaken-Blakemore (SB) tube, transjugular intra
hepatic portosystemic shunt, variceal embolization, or a
combination of multiple treatment modalities were per
formed. When EVO was performed, NBC (Histoacryl®; B.
Braun Dexon, Spangenberg, Germany) was mixed with
ethiodized oil (Lipiodol; Guerbert, Roissy, France) and
was injected as a bolus dose of 0.5-2 mL, depending on
the amount of bleeding.

Statistical analysis

Only the patients with complete data were analyzed in
this study. Frequencies with percentages and means
with standard deviations were used for descriptive sta
tistics. Statistical differences between the groups were
2
investigated using the χ test or Fisher’s exact test for
categorical variables and the Student’s t test or MannWhitney U test for continuous variables. Cumulative 6-wk
survival and transplant-free survival (TFS) rates after
acute variceal bleeding were estimated using the KaplanMeier method, and differences between the curves were
compared using the log-rank test. In patients with loss
to follow-up, the data were censored on the last date
on which their survival status was known. The effect of
endoscopic timing on clinical outcomes was assessed
using the Cox proportional hazards regression model.
If multicollinearity occurred between the individual com
ponents in the univariate analysis, only the most relevant
prognostic parameter was included in the final multi
variable model. The inverse probability weighting method
based on propensity score was applied so as to correct
baseline differences between the two groups (urgent
endoscopy vs non-urgent endoscopy). A P-value less
than 0.05 was considered significant. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were also calculated.
All statistical analyses were performed using R (version
3.3.3, The R Foundation for Statistical Computing,
Vienna, Austria), or PASW version 18.0 statistical
software (SPSS Inc.; Chicago, IL, United States).

Data collection

Two independent reviewers (Yoo JJ and Chang Y),
each with more than 5 years of endoscopic experience,
screened medical records and endoscopic reports to
confirm that each case was of a true acute gastro
esophageal variceal bleeding. If a patient was admitted
more than once during the study period due to variceal

WJG|www.wjgnet.com

RESULTS
Baseline characteristics

The baseline characteristics of the patients enrolled in
the study are reported in Table 1. The mean age of the
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Table 1 Baseline characteristics of patients before and after inverse probability weighting n (%)
Characteristics

Unweighted
All patients
(n = 274)

Urgent
endoscopy
(n = 173)

Inverse probability weighting

Non-urgent
endoscopy
(n = 101)

Demographics
Age (yr)
58.05 ± 12.10 57.62 ± 12.09 58.77 ± 12.22
Sex (male)
207 (75.5)
128 (74.0)
79 (78.2)
Hepatocellular carcinoma
149 (54.4)
97 (56.1)
52 (51.5)
Prior variceal upper GI bleeding
179 (65.3)
110 (63.6)
69 (68.3)
Prior non-variceal upper GI bleeding
8 (2.9)
2 (1.2)
6 (5.9)
Initial hepatic encephalopathy
None
241 (88.0)
164 (94.8)
77 (76.2)
Grade Ⅰ-Ⅱ
16 (5.8)
5 (2.9)
11 (10.9)
Grade Ⅲ-Ⅳ
17 (6.2)
4 (2.3)
13 (12.9)
Initial ascites
None
111 (40.5)
77 (44.5)
34 (33.7)
Mild
77 (28.1)
50 (28.9)
27 (26.7)
Moderate to severe
86 (31.4)
46 (26.6)
40 (39.6)
Etiology
HBV
137 (50.0)
86 (49.8)
51 (50.5)
HCV
25 (9.1)
16 (9.2)
9 (8.9)
Alcohol
69 (25.2)
43 (24.9)
26 (25.7)
Others
43 (15.7)
28 (16.2)
15 (14.9)
Vital signs
Systolic blood pressure (mm Hg)
117 ± 26
116 ± 26
120 ± 26
Heart rate (beat/min)
95 ± 18
96 ± 19
94 ± 17
Laboratory values
Hemoglobin
9.2 ± 2.5
9.0 ± 2.5
9.6 ± 2.5
Platelet count (103/mL)
117 + 79
118 ± 78
114 ± 80
Total bilirubin
3.8 ± 5.8
3.5 ± 5.3
4.5 ± 6.5
Serum albumin
2.9 ± 0.6
2.9 ± 0.6
2.9 ± 0.7
Prothromin time (INR)
1.6 ± 1.8
1.4 ± 0.6
1.8 ± 2.9
Serum creatinine
1.3 ± 1.5
1.4 ± 1.8
1.2 ± 1.0
MELD score
15.9 ± 7.8
15.4 ± 6.9
16.9 ± 9.2
Prognostic scores
Glasgow-Blatchford score
9.1 ± 3.5
9.2 ± 3.3
9.1 ± 3.9
Rockall score
3.9 ± 1.4
4.0 ± 1.4
3.6 ± 1.5
Endoscopy
Time to endoscopy, hours, median (IQR)
12.7
4.0 (2.1-6.8)
19.5
(2.8-16.5)
(15.0-35.5)

P value

All patients
(n = 272)

0.45
0.469
0.452
0.511
0.055
< 0.001

58.14 ± 0.85 58.17 ± 1.03 58.10 ± 1.34
205 (74.6)
127 (37.2)
78 (37.4)
148 (54.8)
97 (27.8)
51 (27.0)
178 (65.7)
109 (32.3)
69 (33.5)
8 (2.9)
2 (1.4)
6 (1.5)

Urgent
endoscopy
(n = 172)

Non-urgent
endoscopy
(n = 100)

P value

0.971
0.956
0.830
0.713
0.890
0.939

239 (88.6)
16 (5.4)
17 (5.7)

163 (44.5)
5 (2.5)
4 (2.6)

76 (44.4)
11 (2.9)
13 (3.1)

111 (41.1)
76 (29.4)
85 (29.5)

77 (20.3)
49 (14.7)
46 (14.6)

34 (20.8)
27 (14.7)
39 (14.9)

136 (49.7)
25 (9.4)
68 (24.0)
43 (16.0)

86 (24.4)
16 (5.4)
42 (12.3)
28 (8.0)

50 (25.33)
9 (4.0)
26 (12.7)
15 (8.0)

0.221
0.551

118 ± 2
95 ± 1

116 ± 2
95 ± 1

119 ± 3
95 ± 2

0.408
0.827

0.044
0.701
0.148
0.702
0.046
0.24
0.112

9.1 ± 0.2
118 ± 5
3.7 ± 0.4
3.0 ± 0.1
1.6 ± 0.1
1.2 ± 0.1
15.6 ± 0.5

8.8 ± 0.2
119 ± 6
3.6 ± 0.5
3.0 ± 0.1
1.5 ± 0.1
1.4 ± 0.1
15.6 ± 0.5

9.3 ± 0.3
118 ± 8
3.8 ± 0.5
4.0 ± 0.1
1.7 ± 0.2
1.1 ± 0.1
15.6 ± 0.8

0.105
0.917
0.817
0.736
0.157
0.07
0.964

0.818
0.021

9.3 ± 0.2
3.4 ± 0.1

9.3 ± 0.3
3.9 ± 0.1

9.3 ± 0.4
3.9 ± 0.2

0.907
0.875

< 0.001

12.5
(2.8-16.4)

4.0
(2.2-6.8)

19.5
(15.1-35.4)

< 0.001

0.067

0.994

0.985

0.930

Data are expressed as mean ± standard deviation or number (percentage), unless otherwise stated. GI: Gastrointestinal; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; INR: International normalized ratio; MELD: Model for end-stage liver disease.

patients was 58.05 ± 12.10 years, and 75.5% (207)
were male. The proportion of patients with hepatocellular
carcinoma (HCC) was 54.4% (149). Sixty-five percent
of the patients had experienced variceal bleeding prior to
the study period. Chronic hepatitis B virus (HBV) infection
was the most common etiology of cirrhosis, followed by
alcohol use and other causes. Sixty percent of patients
presented with any grade of ascites.
At the time of hospital arrival, the heart rate of the pa
tients was found to be abnormally high, with an average
of 95 beat per minute, and their mean systolic pressure
was 116 ± 26 mmHg. They showed deteriorated liver
function with a mean model for end-stage liver disease
(MELD) score of 15.9 ± 7.8 points. The mean GlasgowBlatchford score was 9.1 ± 3.5 points, suggesting a poor
prognosis.
Patients underwent endoscopic examination at an ave
rage of 9.1 ± 3.5 h after arrival at the hospital. Based on
the timing of the endoscopy, patients were divided into

WJG|www.wjgnet.com

an urgent endoscopy group (< 12 h) and a non-urgent
endoscopy group (≥ 12 h). The baseline characteristics
of the two groups were similar and there was no
significant difference in the MELD scores (15.4 ± 6.9 vs
16.9 ± 9.2; P = 0.088) between the two groups.

Impact of endoscopic timing on outcomes

The 6-wk mortality rate was 22.5% in the urgent
endoscopy group and 29.7% in the non-urgent endo
scopy group, and there were no significant differences
between the two groups (P = 0.266, Figure 1). After IPW,
the baseline characteristics were well balanced between
the two groups (Tables 1). The IPW-adjusted analysis
also showed that both groups did not differ in terms
of the risk of death (P = 0.639). The 6-wk mortality
or transplantation rate was slightly lower in the urgent
group but with marginal significance (P = 0.060, Figure
2). However, after IPW there was no significant difference
between the two groups (P = 0.532).
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Table 2 Clinical outcomes of the patients n (%)
Outcomes

All patients
(n = 274)

Urgent endoscopy
(n = 173)

Non-urgent endoscopy
(n = 101)

P value

Hospital admission duration, days, median (IQR)
In-hospital mortality
Re-bleeding rate
Six-week mortality
Liver transplantation

4.0 (3.0-9.5)
22 (8.0)
60 (21.9)
69 (25.2)
25 (9.1)

4.0 (2.0-9.0)
14 (8.1)
35 (20.2)
39 (22.5)
14 (8.1)

4.0 (3.0-11.0)
8 (7.9)
25 (24.8)
30 (29.7)
11 (10.9)

0.033
0.960
0.449
0.197
0.515

Data are expressed as number (percentage), unless otherwise stated. IQR: Interquartile range.

1.0

1.0
0.8

Unadjusted 12 h later
Unadjusted 12 h before
Adjusted 12 h later
Adjusted 12 h before

0.6
0.4

Overall survival

Overall survival

0.8

Log-rank test: P = 0.27
Adjusted log-rank test: P = 0.64

0.2
0.0

0.6
0.4

Log-rank test: P = 0.54
Adjusted log-rank test: P = 0.63

0.2
0.0

0

   1

    2

Urgent group
173
Non-urgent group 101

   155
         95

  3

4

     5

   6

0

t /wk

Number at-risk
     146
     88

     144
     86

140
      82

137
          77

Urgent group
173
Non-urgent group 101

135
          73

0.4

Log-rank test: P = 0.06
Adjusted log-rank test: P = 0.53

0.2
0.0
0

   1

    2

Number at-risk
Urgent group
173
Non-urgent group 101

   154
           95

     144
    87

  3

4

     5

   6

139
      81

135
     77

133
        71

t /wk
     142
  85

     138
      81

4

     5

   6

     134
   76

128
        73

126
      68

122
             65

Predictors of 6-wk mortality

Figure 2 Comparison of 6-wk transplant-free survival in the urgent and
the non-urgent endoscopy groups. Kaplan-Meier survival plot stratified by
timing of endoscopy of all patients. The dotted line indicates urgent endoscopy
and the solid line indicates non-urgent endoscopy. The black line is the
unadjusted cumulative graph before inverse probability weighting (IPW), and
the gray line is the adjusted after the IPW correction.

Finally, we analyzed clinical predictors associated with
6-wk mortality (Table 3). Compared with non-urgent
endoscopy, urgent endoscopy was not independently
associated with short-term mortality [adjusted hazard
ratio (aHR): 1.297; 95% confidence interval (CI):
0.806-2.089; P = 0.284). On the other hand, the fol
lowing were independent risk factors of 6-wk mortality:
advanced age (aHR: 1.035; 95%CI: 1.011-1.0059;

Other clinical outcomes

Other clinical outcomes are described in Table 2. Although
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   149
          89

  3

t /wk

the median hospital admission duration was similar in
both groups, significant differences observed in the mean
rank scores (i.e., Mann-Whitney U test), suggesting
that the data for the non-urgent group were more right
[15]
skewed (P = 0.033) . However, there was no significant
difference in the in-hospital mortality rate between the
urgent group and the non-urgent group (8.1% vs 7.9%;
P = 0.960).
The rate of variceal re-bleeding within 6 wk was
10.4% in the urgent group and 12.9% in the non-urgent
group, which was statistically nonsignificant (P = 0.557).
The Kaplan-Meier analysis of time to re-bleeding also
showed no significant difference between the two groups
either before or after IPW matching (P = 0.538 and 0.631,
respectively; Figure 3).

Unadjusted 12 h later
Unadjusted 12 h before
Adjusted 12 h later
Adjusted 12 h before

0.6

    2

Figure 3 Comparison of 6-wk re-bleeding rate in the urgent and the nonurgent endoscopy groups. Kaplan-Meier survival plot stratified by timing of
endoscopy of all patients. The dotted line indicates urgent endoscopy and the
solid line indicates non-urgent endoscopy. The black line is the unadjusted
cumulative graph before inverse probability weighting (IPW), and the gray line
is the adjusted after the IPW correction.

1.0
0.8

   1

Number at-risk

Figure 1 Comparison of 6-wk survival in the urgent and the nonurgent endoscopy groups. Kaplan-Meier survival plot stratified by timing of
endoscopy of all patients. The dotted line indicates urgent endoscopy and the
solid line indicates non-urgent endoscopy. The black line is the unadjusted
cumulative survival graph before inverse probability weighting (IPW), and the
gray line is the adjusted after the IPW correction.

Overall survival

Unadjusted 12 h later
Unadjusted 12 h before
Adjusted 12 h later
Adjusted 12 h before
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Table 3 Cox proportional hazards model for 6-wk mortality
Variable

Univariable

Age
Sex
Female
Male
Etiology
Non-viral
Viral
Hepatocellular carcinoma
Diabetes Mellitus
Hypertension
Prior variceal upper GI bleeding
Prior non-variceal upper GI bleeding
Systolic blood pressure
Heart rate
MELD score1
ALT
Serum creatinine1
Serum total bilirubin1
Prothrombin time1
Initial hepatic encephalopathy
None
Grade Ⅰ-Ⅱ
Grade Ⅲ-Ⅳ
Initial ascites
None
Mild
Moderate to severe
Glasgow-Blatchford score
Rockall score
Timing of endoscopy
Non-urgent (≥ 12 h)
Urgent (< 12 h)

Multivariable

HR (95%CI)

P value

HR (95%CI)

P value

1.037 (1.016-1.059)

< 0.001

1.035 (1.011-1.059)

0.004

1
0.946 (0.543-1.664)

0.845

1
0.536 (0.319-0.902)
2.442 (1.439-4.142)
0.535 (0.292-0.978)
0.994 (0.521-1.894)
0.916 (0.561-1.497)
3.92E-8 (0-INF)
1.003 (0.994-1.012)
1.005 (0.992-1.018)
1.062 (1.041-1.083)
1.001 (0.999-1.002)
1.075 (1.013-1.197)
1.047 (1.012-1.083)
1.128 (1.043-1.221)

0.019
0.001
0.042
0.984
0.726
0.996
0.489
0.477
< 0.001
0.123
0.018
0.007
0.003

1
0.683 (0.384-1.214)
1.929 (1.072-3.469)
0.423 (0.225-0.795)

0.194
0.028
0.008

1.049(1.024-1.074)

< 0.001

1
1.393 (0.558-3.477)
2.229 (1.062-4.677)

0.477
0.034

1
0.555 (0.200-1.537)
0.969 (0.449-2.088)

0.257
0.935

1
2.064 (1.003-4.250)
4.675 (2.494-8.766)
0.980 (0.917-1.047)
1.138 (0.968-1.338)

0.049
< 0.001
0.550
0.118

1
1.604 (0.766-3.361)
3.346 (1.715-6.527)

0.210
< 0.001

1
1.297 (0.806-2.088)

0.284

1

Considering the multicollinearity between model for end-stage liver disease (MELD) score and its individual components, only MELD score, the most
relevant prognostic parameter in cirrhosis, was included in the final multivariable model. HR: Hazard ratio; GI: Gastrointestinal; MELD: Model for endstage liver disease; ALT: Alanine aminotransferase.

P = 0.004), high MELD score (aHR: 1.049; 95%CI:
1.024-1.074; P < 0.001), and the presence of ascites. In
particular, the grade of ascites showed dose-dependency.
When the ascites was present to a more than moderate
degree, the 6-wk mortality was increased 3.346-fold
compared to when there was no ascites. Also, the pre
sence of HCC (aHR: 1.929; 95%CI: 1.072-3.469; P
= 0.028) increased the risk of short-term mortality
in variceal bleeding patients. However, the GBS and
Rockall scores were not significantly associated with
6-wk mortality in patients with acute variceal bleeding.
Similar results were obtained when the factors predicting
transplantation or death were analyzed (Supplementary
Table 1).

numbers of patients, and concluded that, despite the
existing guidelines, the timing of endoscopy was not asso
ciated with short-term survival or mortality in patients
with variceal bleeding.
Studies on the optimal timing of endoscopy in pa
tients with acute variceal bleeding have taken place
mostly at a time in the past when sclerotherapy was the
mainstream treatment. Several randomized control trials
reported at this time have concluded that, if endoscopy
was performed early, clinical indices did not improve
[17,18]
significantly
. In studies, including some meta-ana
lyses, endoscopic treatment was recommended only
[19]
when pharmacotherapy fails . However, band ligation
therapy has completely replaced sclerotherapy nowa
[20,21]
days
. Moreover, it is now widely acknowledged
that combination therapy is superior to pharmaco- or
[22,23]
endoscopic monotherapy for acute variceal bleeding
.
Paradoxically, however, in the age of band ligation, there
has been little research so far on the optimal timing of
endoscopy.
To date, there have been two relatively large-scale
studies on the optimal timing of the endoscopy of vari
ceal bleeding patients in the “band ligation era”. In a

DISCUSSION
The decision as to when to perform endoscopy in pa
tients with acute variceal bleeding has always been con
troversial. Guidelines have traditionally recommended
that endoscopy be performed within 12 h of admission,
but to date there has been little actual supporting evi
[4,5,16]
dence for this
. Our study analyzed relatively large
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study published in Taiwan, early endoscopy (i.e., < 15
h) reduced in-hospital mortality, but did not have a
[9]
significant impact on mortality . Another study published
in Canada showed that time-to-endoscopy did not appear
[8]
to be associated with mortality . Both studies exhibited
selection bias, in that only hemodynamically stable
patients were included. The authors suggested that inhospital mortality was increased due to delays in timeto-endoscopy, but the baseline MELD score was higher
in those patients with higher in-hospital mortality (16.5
[9]
vs 11.2) . In other words, it is difficult to tell whether
these patients’ increased in-hospital mortality was due to
underlying liver disease or because of the delayed timeto-endoscopy. Finally, both studies analyzed the door-toendoscopy time as a continuous variable, and therefore
showed results that were not significant.
In our study, to overcome these limitations, we con
ducted IPW for baseline correction and analyzed “doorto-scope” time as a 12-h categorical variable according to
the existing guidelines. Considering the degree to which
the various factors that influence the timing of endoscopy
may impact the clinical outcomes, it was essential to
conduct the IPW. In fact, clinicians tend to perform
endoscopy more quickly if the patient shows unstable
features, and in this situation, the effect of endoscopy on
survival is likely to be underestimated.
So, when is the appropriate time to do endoscopy
in variceal bleeding? Research to date shows it is more
complicated than just “the sooner the better”. In the
Taiwan study, the authors divided endoscopic timing
into several stages, but they failed to prove “the sooner,
[9]
the better” concept . Although we have not described
it in this study, we analyzed the results of a door-toendoscopy time of 6 h, but we failed to demonstrate a
benefit with more urgent endoscopy. It seems that timing
of endoscopy and clinical outcomes, including mortality,
shows a non-linear correlation. For example, in peptic
ulcer bleeding patients, the correlation between the
timing of endoscopy and clinical outcomes is U-shaped,
and we consider it likely to be similar in variceal bleeding
[24]
patients . This phenomenon is believed to be due to the
fact that basic resuscitation (e.g., adequate hydration,
antibiotics) influences the patient’s outcome in the early
[4,5,25]
stages of treatment
. If the patient is transported
too early in order to undergo an endoscopic procedure, it
may interfere with basic resuscitation during the critical
early period of management, leading to a bad prognosis.
Also, if the endoscopy is performed too soon, the quality
of endoscopic examination may be suboptimal, due to
poor preparation. In clinical practice, we sometimes find
that delayed endoscopy, after using vasoactive drugs, is
actually faster and safer.
In our study, the median door-to-endoscopy time in
the non-urgent group was 19.5 h which was much longer
than the recommended time. Although most guidelines
recommend that endoscopy should be performed wi
thin 12 h of presentation, various clinical and facility
factors may hamper guideline implementation in the
[4,5,26,27]
real clinical settings
. To overcome these baseline

WJG|www.wjgnet.com

imbalances, we used IPW method. After IPW, there were
no significant differences in the short-term outcomes
between two groups.
When it comes to studies of endoscopy, it is important
to consider the selection of appropriate outcomes.
Previous studies have focused primarily on long-term
prognosis, such as overall survival or all-cause mortality.
These studies have failed to show a reduction in mortality
in urgent endoscopy. However, since the long-term
prognosis of patients with variceal bleeding is mainly
related to their basal liver function, it is unreasonable
to associate a single-point endoscopy with a long-term
prognosis. Indeed, in our data and in the Canadian
studies, the most common cause of death was liver cir
rhosis, not the bleeding itself (Supplementary Table 2).
For this reason, unlike other studies, in our study we
changed the endpoint to overall survival at 6 wk or TFS
at 6 ws. We consider short-term outcomes to be more
appropriate than long-term outcomes in demonstrating
the precise effect of endoscopic timing on prognosis. In
fact, the Barveno guideline recommends 6-wk mortality
[5]
rather than OS as an outcome .
Consistent with previous reports, the length of hos
pital stay was statistically different between the urgent
[10,28-30]
group and non-urgent group
. It may be due to
more accurate diagnosis and earlier hemostasis of the
bleeding source by urgent endoscopy, leading to de
crease in the subsequent resource use including the
length of stay and total hospitalization costs.
There are some limitations to our study. First, as
with other studies, our study may be confounded by
unmeasured factors because of its retrospective design.
Clearly there are ethical difficulties in enrolling acute
variceal bleeding patients into RCTs; nevertheless retro
spective studies can be of benefit in providing reliable and
practical information. Second, where there is no weekend
rounder, the results of this study may be difficult to apply.
Another issue to consider is that previous research refers
to geographic variability in prognosis of UGIB patients.
In conclusion, we demonstrated that endoscopic
timing may not affect the clinical outcomes of patients
with esophageal variceal bleeding, especially in shortterm outcomes. Therefore it is necessary to perform
endoscopy at an appropriate time, depending on each
patient’s condition. A prospective study, or a metaanalysis involving a greater number of centers in different
countries, will assist in establishing a more accurate op
timal timing for endoscopy.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The optimal timing of emergency endoscopy in acute variceal bleeding
remains unclear. Most guidelines recommend performing endoscopy for acute
variceal bleeding within 12 h of admission. However, the evidence level for this
recommendation is very low, with few relevant studies to date to justify it

Research motivation

Determining the appropriate endoscopic timing is a very important issue, and
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both the risk and benefit to the patient need to be considered. We hypothesized
that the earlier the endoscopy was performed, the better the short-term
prognosis of the cirrhotic patients with variceal bleeding.

7

Research objectives

The aim of this study was to examine the association between the timing of
endoscopy and the short-term prognosis of acute variceal bleeding in cirrhotic
patients.

8
9

Research methods

We performed a retrospective study of cirrhotic patients with variceal bleeding.
Patients were divided into two groups according to the time of endoscopy.
Urgent endoscopy group was defined as performing endoscopy before 12 h
of admission and non-urgent endoscopy group after 12 h of admission. The
inverse probability weighting (IPW) method based on propensity score was
applied to correct baseline differences between the two groups, and compared
short-term prognosis between the two groups.

10

11

Research results

In 274 patients, 173 patients received urgent endoscopy, and 101 patients
received non-urgent endoscopy. After IPW method, short term prognosis
including 6-wk mortality rate or 6-wk transplantation rate was not different
between the two groups. In multivariate analyses, timing of endoscopy was
not associated with 6-wk mortality. Other factors associated with 6-wk mortality
were age, hepatocellular carcinoma, MELD score, and degree of ascites.

12
13

Research conclusions

Timing of endoscopy may not affect the clinical short-term outcomes of patients
with esophageal variceal bleeding.

14

Research perspectives

Because this is a retrospective study, a prospective study to determine the
appropriate timing of endoscopy considering risk and benefit is needed for the
future.

15
16

REFERENCES
1

2

3

4

5

6

Garcia-Tsao G, Sanyal AJ, Grace ND, Carey WD; Practice Guide
lines Committee of American Association for Study of Liver Diseases;
Practice Parameters Committee of American College of Gastro
enterology. Prevention and management of gastroesophageal varices
and variceal hemorrhage in cirrhosis. Am J Gastroenterol 2007; 102:
2086-2102 [PMID: 17727436 DOI: 10.1111/j.1572-0241.2007.01481.
x]
Villanueva C, Piqueras M, Aracil C, Gómez C, López-Balaguer
JM, Gonzalez B, Gallego A, Torras X, Soriano G, Sáinz S, Benito
S, Balanzó J. A randomized controlled trial comparing ligation
and sclerotherapy as emergency endoscopic treatment added to
somatostatin in acute variceal bleeding. J Hepatol 2006; 45: 560-567
[PMID: 16904224 DOI: 10.1016/j.jhep.2006.05.016]
Abraldes JG, Villanueva C, Bañares R, Aracil C, Catalina MV,
Garci A-Pagán JC, Bosch J; Spanish Cooperative Group for Portal
Hypertension and Variceal Bleeding. Hepatic venous pressure gradient
and prognosis in patients with acute variceal bleeding treated with
pharmacologic and endoscopic therapy. J Hepatol 2008; 48: 229-236
[PMID: 18093686 DOI: 10.1016/j.jhep.2007.10.008]
Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal
hypertensive bleeding in cirrhosis: Risk stratification, diagnosis, and
management: 2016 practice guidance by the American Association
for the study of liver diseases. Hepatology 2017; 65: 310-335 [PMID:
27786365 DOI: 10.1002/hep.28906]
de Franchis R, Baveno VI Faculty. Expanding consensus in portal
hypertension: Report of the Baveno VI Consensus Workshop:
Stratifying risk and individualizing care for portal hypertension.
J Hepatol 2015; 63: 743-752 [PMID: 26047908 DOI: 10.1016/
j.jhep.2015.05.022]
Seo YS. Prevention and management of gastroesophageal varices.

WJG|www.wjgnet.com

17

18

19

20

21

22
23

5032

Clin Mol Hepatol 2018; 24: 20-42 [PMID: 29249128 DOI: 10.3350/
cmh.2017.0064]
Cheung J, Wong W, Zandieh I, Leung Y, Lee SS, Ramji A, Yoshida
EM. Acute management and secondary prophylaxis of esophageal
variceal bleeding: a western Canadian survey. Can J Gastroenterol
2006; 20: 531-534 [PMID: 16955150 DOI: 10.1155/2006/203217]
Cheung J, Soo I, Bastiampillai R, Zhu Q, Ma M. Urgent vs. nonurgent endoscopy in stable acute variceal bleeding. Am J Gastroenterol
2009; 104: 1125-1129 [PMID: 19337243 DOI: 10.1038/ajg.2009.78]
Hsu YC, Chung CS, Tseng CH, Lin TL, Liou JM, Wu MS, Hu FC,
Wang HP. Delayed endoscopy as a risk factor for in-hospital mortality
in cirrhotic patients with acute variceal hemorrhage. J Gastroenterol
Hepatol 2009; 24: 1294-1299 [PMID: 19682197 DOI: 10.1111/
j.1440-1746.2009.05903.x]
Lee JG, Turnipseed S, Romano PS, Vigil H, Azari R, Melnikoff
N, Hsu R, Kirk D, Sokolove P, Leung JW. Endoscopy-based triage
significantly reduces hospitalization rates and costs of treating upper GI
bleeding: a randomized controlled trial. Gastrointest Endosc 1999; 50:
755-761 [PMID: 10570332 DOI: 10.1016/S0016-5107(99)70154-9]
Schacher GM, Lesbros-Pantoflickova D, Ortner MA, Wasserfallen
JB, Blum AL, Dorta G. Is early endoscopy in the emergency room
beneficial in patients with bleeding peptic ulcer? A “fortuitously
controlled” study. Endoscopy 2005; 37: 324-328 [PMID: 15824941
DOI: 10.1055/s-2004-826237]
Rockall TA, Logan RF, Devlin HB, Northfield TC. Risk assessment
after acute upper gastrointestinal haemorrhage. Gut 1996; 38: 316-321
[PMID: 8675081 DOI: 10.1136/gut.38.3.316]
Blatchford O, Murray WR, Blatchford M. A risk score to predict
need for treatment for upper-gastrointestinal haemorrhage.
Lancet 2000; 356: 1318-1321 [PMID: 11073021 DOI: 10.1016/
S0140-6736(00)02816-6]
Kumar NL, Cohen AJ, Nayor J, Claggett BL, Saltzman JR. Timing
of upper endoscopy influences outcomes in patients with acute
nonvariceal upper GI bleeding. Gastrointest Endosc 2017; 85:
945-952.e1 [PMID: 27693643 DOI: 10.1016/j.gie.2016.09.029]
Hart A. Mann-Whitney test is not just a test of medians: differences in
spread can be important. BMJ 2001; 323: 391-393 [PMID: 11509435
DOI: 10.1136/bmj.323.7309.391]
Thabut D, Bernard-Chabert B. Management of acute bleeding from
portal hypertension. Best Pract Res Clin Gastroenterol 2007; 21:
19-29 [PMID: 17223494 DOI: 10.1016/j.bpg.2006.07.010]
Escorsell A, Ruiz del Arbol L, Planas R, Albillos A, Bañares R, Calès
P, Pateron D, Bernard B, Vinel JP, Bosch J. Multicenter randomized
controlled trial of terlipressin versus sclerotherapy in the treatment
of acute variceal bleeding: the TEST study. Hepatology 2000; 32:
471-476 [PMID: 10960437 DOI: 10.1053/jhep.2000.16601]
Escorsell A, Bordas JM, del Arbol LR, Jaramillo JL, Planas R,
Bañares R, Albillos A, Bosch J. Randomized controlled trial of
sclerotherapy versus somatostatin infusion in the prevention of
early rebleeding following acute variceal hemorrhage in patients
with cirrhosis. Variceal Bleeding Study Group. J Hepatol 1998; 29:
779-788 [PMID: 9833916 DOI: 10.1016/S0168-8278(98)80259-6]
D'Amico G, Pagliaro L, Pietrosi G, Tarantino I. Emergency
sclerotherapy versus vasoactive drugs for bleeding oesophageal varices
in cirrhotic patients. Cochrane Database Syst Rev 2010; CD002233
[PMID: 20238318 DOI: 10.1002/14651858.CD002233.pub2]
Cremers I, Ribeiro S. Management of variceal and nonvariceal
upper gastrointestinal bleeding in patients with cirrhosis. Therap Adv
Gastroenterol 2014; 7: 206-216 [PMID: 25177367 DOI: 10.1177/175
6283X14538688]
Dai C, Liu WX, Jiang M, Sun MJ. Endoscopic variceal ligation
compared with endoscopic injection sclerotherapy for treatment
of esophageal variceal hemorrhage: a meta-analysis. World J
Gastroenterol 2015; 21: 2534-2541 [PMID: 25741164 DOI: 10.3748/
wjg.v21.i8.2534]
Augustin S, González A, Genescà J. Acute esophageal variceal
bleeding: Current strategies and new perspectives. World J Hepatol
2010; 2: 261-274 [PMID: 21161008 DOI: 10.4254/wjh.v2.i7.261]
Sung JJ, Chung SC, Yung MY, Lai CW, Lau JY, Lee YT, Leung VK,
Li MK, Li AK. Prospective randomised study of effect of octreotide
on rebleeding from oesophageal varices after endoscopic ligation.

November 28, 2018|Volume 24|Issue 44|

Yoo JJ et al . Timing of endoscopy in acute variceal bleeding

24

25

26

27

Lancet 1995; 346: 1666-1669 [PMID: 8551824 DOI: 10.1016/
S0140-6736(95)92840-5]
Laursen SB, Leontiadis GI, Stanley AJ, Møller MH, Hansen JM,
Schaffalitzky de Muckadell OB. Relationship between timing of
endoscopy and mortality in patients with peptic ulcer bleeding: a
nationwide cohort study. Gastrointest Endosc 2017; 85: 936-944.e3
[PMID: 27623102 DOI: 10.1016/j.gie.2016.08.049]
Bernard B, Grangé JD, Khac EN, Amiot X, Opolon P, Poynard T.
Antibiotic prophylaxis for the prevention of bacterial infections in
cirrhotic patients with gastrointestinal bleeding: a meta-analysis.
Hepatology 1999; 29: 1655-1661 [PMID: 10347104 DOI: 10.1002/
hep.510290608]
European Association for the Study of the Liver. EASL
Clinical Practice Guidelines for the management of patients with
decompensated cirrhosis. J Hepatol 2018; 69: 406-460 [PMID:
29653741 DOI: 10.1016/j.jhep.2018.03.024]
Sarin SK, Kumar A, Angus PW, Baijal SS, Chawla YK, Dhiman
RK, Janaka de Silva H, Hamid S, Hirota S, Hou MC, Jafri W, Khan
M, Lesmana LA, Lui HF, Malhotra V, Maruyama H, Mazumder
DG, Omata M, Poddar U, Puri AS, Sharma P, Qureshi H, Raza

28

29

30

RM, Sahni P, Sakhuja P, Salih M, Santra A, Sharma BC, Shah HA,
Shiha G, Sollano J; APASL Working Party on Portal Hypertension.
Primary prophylaxis of gastroesophageal variceal bleeding: consensus
recommendations of the Asian Pacific Association for the Study of the
Liver. Hepatol Int 2008; 2: 429-439 [PMID: 19669318 DOI: 10.1007/
s12072-008-9096-8]
Cooper GS, Chak A, Way LE, Hammar PJ, Harper DL, Rosenthal
GE. Early endoscopy in upper gastrointestinal hemorrhage:
associations with recurrent bleeding, surgery, and length of hospital
stay. Gastrointest Endosc 1999; 49: 145-152 [PMID: 9925690 DOI:
10.1016/S0016-5107(99)70478-5]
Cooper GS, Kou TD, Wong RC. Use and impact of early endoscopy
in elderly patients with peptic ulcer hemorrhage: a population-based
analysis. Gastrointest Endosc 2009; 70: 229-235 [PMID: 19329112
DOI: 10.1016/j.gie.2008.10.052]
Lim LG, Ho KY, Chan YH, Teoh PL, Khor CJ, Lim LL, Rajnakova
A, Ong TZ, Yeoh KG. Urgent endoscopy is associated with
lower mortality in high-risk but not low-risk nonvariceal upper
gastrointestinal bleeding. Endoscopy 2011; 43: 300-306 [PMID:
21360421 DOI: 10.1055/s-0030-1256110]
P- Reviewer: Cholongitas E, Karatapanis S, Stanciu C
S- Editor: Wang XJ L- Editor: A E- Editor: Yin SY

WJG|www.wjgnet.com

5033

November 28, 2018|Volume 24|Issue 44|

World J Gastroenterol 2018 November 28; 24(44): 5034-5045

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i44.5034

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

ORIGINAL ARTICLE
Retrospective Cohort Study

Risk factors and prediction score for chronic pancreatitis: A
nationwide population-based cohort study
Yen-Chih Lin, Chew-Teng Kor, Wei-Wen Su, Yu-Chun Hsu
Yen-Chih Lin, Wei-Wen Su, Yu-Chun Hsu, Division of
Gastroenterology, Department of Internal Medicine, Changhua
Christian Hospital, Changhua 50006, Taiwan

Manuscript source: Unsolicited manuscript
Corresponding author to: Yen-Chih Lin, MD, Attending
Doctor, Division of Gastroenterology, Department of Internal
Medicine, Changhua Christian Hospital, No.135 Nanhsiao Street,
Changhua 50006, Taiwan. 144315@cch.org.tw
Telephone: +886-4-7238595
Fax: +886-4-7232942

Chew-Teng Kor, Internal Medicine Research Center, Changhua
Christian Hospital, Changhua 50006, Taiwan
ORCID number: Yen-Chih Lin (0000-0001-7094-1170);
Chew-Teng Kor (0000-0002-0285-243X); Wei-Wen Su
(0000-0001-5554-5938); Yu-Chun Hsu (0000-0002-0714-2250).

Institutional review board statement: The study was reviewed
and approved for publication by our Institutional Reviewer.

Received: September 8, 2018
Peer-review started: September 10, 2018
First decision: October 24, 2018
Revised: October 29, 2018
Accepted: November 9, 2018
Article in press: November 9, 2018
Published online: November 28, 2018

Informed consent statement: The data of our study cohort
was obtained retrospectively from the Taiwan National Health
Insurance Research Database, hence informed consent statement
is unnecessary.

Abstract

Author contributions: All the authors solely contributed to this
paper.

AIM
To explore the risk factors of developing chronic pan
creatitis (CP) in patients with acute pancreatitis (AP) and
develop a prediction score for CP.
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METHODS
Using the National Health Insurance Research Database in
Taiwan, we obtained large, population-based data of 5971
eligible patients diagnosed with AP from 2000 to 2013.
After excluding patients with obstructive pancreatitis and
biliary pancreatitis and those with a follow-up period of
less than 1 year, we conducted a multivariate analysis
using the data of 3739 patients to identify the risk factors
of CP and subsequently develop a scoring system that
could predict the development of CP in patients with
AP. In addition, we validated the scoring system using a
validation cohort.
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RESULTS
Among the study subjects, 142 patients (12.98%) devel
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oped CP among patients with RAP. On the other hand,
only 32 patients (1.21%) developed CP among patients
with only one episode of AP. The multivariate analysis
revealed that the presence of recurrent AP (RAP), alcoho
lism, smoking habit, and age of onset of < 55 years were
the four important risk factors for CP. We developed a
scoring system (risk score 1 and risk score 2) from the
derivation cohort by classifying the patients into low-risk,
moderate-risk, and high-risk categories based on similar
magnitudes of hazard and validated the performance
using another validation cohort. Using the prediction score
model, the area under the curve (AUC) [95% confidence
interval (CI)] in predicting the 5-year CP incidence in risk
score 1 (without the number of AP episodes) was 0.83
(0.79, 0.87), whereas the AUC (95%CI) in risk score 2
(including the number of AP episodes) was 0.84 (0.80,
0.88). This result demonstrated that the risk score 2 has
somewhat better prediction performance than risk score 1.
However, both of them had similar performance between
the derivation and validation cohorts.

common diseases with a worldwide prevalence. These
diseases have become an important public health issue
in several countries because of the high mortality rates
and a considerable burden being laid on the healthcare
system. AP is an inflammatory condition of the pancreas
that has been considered as a self-limiting disease,
with an incidence ranging from 5 to 10 per 100000 to
70-80 per 100000 in western countries, which appears
[1]
to have increased in recent years . In contrast, CP
involves a persistent destructive, inflammatory process
that eventually leads to an irreversible damage to the
endocrine and exocrine functions of the pancreas, and
the subsequent development of diabetes mellitus and
frequent hospitalizations have become one of the burdens
of public health. CP has a poor prognosis, with the mor
tality rate being approximately two-fold higher than that
in the general population. Furthermore, a worldwide
epidemiological survey conducted in 1993 revealed that
the standardized incidence rate of pancreatic cancer is as
high as 26-fold in patients with CP, suggesting that the
risk of pancreatic cancer is significantly higher in subjects
[2]
with CP .
An emerging consensus is that AP and CP are a
continuum of diseases, and the intermediate stage be
[3]
tween them is recurrent AP (RAP) . Several studies have
discussed about the natural course of pancreatitis as well
as the risk factors and protective factors that contribute
to the transition from AP to RAP and CP, although the
majority of them have been conducted in western
[3,4]
countries . The major risk factors for CP include smo
king, in addition to alcohol consumption. Moreover, it has
been reported that cigarette smoking accelerates the pro
[5,6]
gression of alcoholic CP . Furthermore, a recent study
has revealed that alcohol consumption of > 13.5 g/d
and cigarette use of > 5.5 cigarettes/d are associated
[7]
with the development of CP . Because only a small pro
portion of patients with AP progress to CP, and CP has
been proven to be an important risk factor of pancreatic
duct adenocarcinoma (PDAC), it is critical to predict the
development of CP in a patient with AP. However, till date,
no prediction scores for CP have been addressed in the
English literature, although there were some prognosis
[8,9]
scores for CP and AP . Therefore, in this populationbased, large-scale cohort study, we developed and
validated a scoring system for predicting CP using data
from the National Health Insurance Research Database
(NHIRD) in Taiwan.

CONCLUSION
In the study,we identified the risk factors of CP and devel
oped a prediction score model for CP.
Key words: Chronic pancreatitis; Acute pancreatitis; Pre
diction score; Endoscopic ultrasound; Recurrent acute
pancreatitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this large number, nationwide populationbased cohort study, we concluded that the presence of
recurrent acute pancreatitis (RAP), along with alcohol
consumption, age of onset, and smoking habit are 4
important risk factors of chronic pancreatitis (CP). We
developed a novel prediction score model for CP with
excellent discrimination and successfully validated this
model in our study. Using this scoring system, a clinician
can predict the outcome of a patient with AP episode
easily and arrange further examination such as pancreatic
functional test or endoscopic ultrasound after the acute
stage for the high-risk category to diagnose CP as early as
possible (incidence rate of CP about 31 per 1000 personyears in high-risk group, based on our study) since CP is
an important risk factor of pancreatic cancer.
Lin YC, Kor CT, Su WW, Hsu YC. Risk factors and prediction
score for chronic pancreatitis: A nationwide population-based
cohort study. World J Gastroenterol 2018; 24(44): 5034-5045
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i44/5034.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i44.5034

MATERIALS AND METHODS
Data source

We obtained data from the Taiwan NHIRD. The NHIRD is
one of the most comprehensive databases in the world
and includes all claims data from the National Health
Insurance program, such as demographic data, number
of ambulatory cases, records of clinic visits, hospital
admissions, dental services, prescriptions, and disease
status. The National Health Insurance program, which

INTRODUCTION
Acute pancreatitis (AP) and chronic pancreatitis (CP) are
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was initiated by the government of Taiwan in March
1995, covers > 99% of the total population or appro
ximately 23 million people. Diagnostic codes used in the
NHIRD for identifying diseases are based on the Inter
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), which has been proven to be
[10-12]
highly accurate and valid
. This study was exempted
from full review and was approved by the Institutional
Review Board of the Changhua Christian Hospital (ap
proval number: 171112).

place of residence of patients were recorded. To quantify
baseline comorbidities, Charlson’s comorbidity index
(CCI) score was used. The history of long-term use of
medications that have been reported as possible risk
factors for AP, including statins, angiotensin-converting
enzyme inhibitors, prednisolone, hydrochlorothiazide, sex
hormones, and metformin, was also evaluated.

Statistical analysis

Demographic and clinical characteristics of the study
patients are summarized as proportions and mean ±
standard derivation (SD) values. The chi-square test
and the t test were used to compare the distributions of
discrete and continuous variables, respectively. The risk
of CP in patients with nonobstructive, nonbiliary AP was
estimated using the Cox proportional hazards model.
Variables in the Cox model included the presence of
RAP or the number of episodes of AP, smoking, alcohol
consumption, age, gender, all comorbidities, CCI scores,
and long-term use of medications. The significant β
coefficients from the Cox model with backward selection
procedure were used to construct an integer-based
risk score for stratifying the risk of progress to CP. The
referent for each variable was assigned a value of 0, and
the coefficients for the other variables were calculated by
dividing by the smallest coefficient in the model and then
rounding to the nearest integer. Individual scores were
assigned by summing the individual risk factor scores,
and the cumulative incidence rate of each risk score was
calculated. For easy application in clinical practice, the
total risk scores were classified into low-risk category,
moderate-risk category, and high-risk category based on
similar magnitudes of hazard.
Within the derivation cohort, the discrimination was
assessed using the time-dependent area under the re
ceiver operating characteristic (ROC) curve. The internal
validation of this risk score was conducted by 1000
bootstrap simulations. The bootstrap simulations in the
derivation cohort were carried out by sampling with
replacement for 1000 iterations. Each bootstrap sample
was of the same size as the derivation cohort, the
computed risk score, and the generated area under the
ROC. Furthermore, we validated the risk score externally
using the remaining one-third of the random sample.
The risk score model was applied, and the discrimination
was assessed by a time-dependent ROC curve analysis.
All statistical analyses were performed using SAS 9.4
software (SAS Institute Inc., Cary, NC, United States).
Two-tailed P values of < 0.05 were considered to be
statistically significant.

Study population

A total of 5971 patients with one or more episodes of
AP (ICD-9-CM code 577.0) recorded in the inpatient
claims data from 2000 to 2013 were identified from the
database. A 4-year look-back period was applied from
1996 to 1999 to ensure that all cases in our cohort were
newly diagnosed and to reduce false incident cases.
Patients with a previous diagnosis of AP during the lookback period were excluded. Patients who had CP before
the index date, those aged < 18 or > 100 years, those
with a follow-up duration of < 1 year, and those with
[13]
biliary pancreatitis or obstructive pancreatitis
(such
as pancreatic cancer and pancreas divisum) were also
excluded because these patients rarely progress to CP.
Accordingly, 3739 patients with nonobstructive, nonbiliary
AP were identified for subsequent analysis. Next, we
developed a model to predict the progress to CP in
randomly selected two-thirds of this cohort (derivation
cohort) and validated the model in the remaining onethird of this cohort (validation cohort).

Outcome measures and relevant variables

Outcomes and comorbidities were identified based on
ICD-9-CM codes. CP was defined using ICD-9-CM codes
(ICD-9-CM code 577.1).
To avoid over-estimation of CP by ICD-9-CM coding
alone,we excluded all patients without abdominal
computed tomography (CT) or abdominal magnetic reso
nance imaging (MRI) performed within 3 mo before the
diagnosis of CP.
Patients were followed up from the index date (i.e.,
the date of first AP diagnosis) to the date when they
withdrew from the insurance program or to the end
of 2013. Major comorbid diseases diagnosed before
the index date were defined as baseline comorbidities
based on claims data. These comorbidities included
obesity, hypertension, hyperlipidemia, diabetes mellitus,
alcoholism [alcohol use-related codes: ICD-9-CM codes
291, 303, 305.0, 357.5, 571.0, 571.1, 571.2, and 790.3
(V11.3)], smoking habit (smoking-related codes: ICD9-CM 305.1, V15.82, 491, 492, 493, and 496), and
chronic kidney disease. If the patients with AP enrolled
in our study have drinking-related coding or smokingrelated coding during their follow-up period after the
first AP episode, we considered them have drinking or
smoking habit. To evaluate the effects of socioeconomic
factors on disease development, monthly income, and
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RESULTS
Characteristics of the study population

The flowchart depicted in Figure 1 describes the patient
selection process, while Table 1 shows the characteristics
of the study patients. A total of 3739 patients were
identified as newly diagnosed nonobstructive, nonbiliary
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A cohort randomly sampled from people enrolled in
the National Health Insurance program
n = 1000000

5971 patients with diagnosed acute pancreatitis in
inpatient claim data between 2000 to 2013
Patients excluded
64 aged < 18 yr or >100 yr
236 had previous chronic pancreatitis
993 had biliary pancreatitis
47 had pancreatic cancer
3 had pancreas divisum
17 had choledochol cyst
872 follow up time < 1 yr
3739 eligible diagnosed acute panceatitis patients from
2000 to 2013

1094 patients who had more than
two times acute pancreatitis in inpatient
claim data

2645 patients who had only 1 time
acute pancreatitis in inpatient claim
data

142 (12.98%) patients with chronic
pancreatitis

32 (1.21%) patients with chronic
pancreatitis

Figure 1 Flowchart of patient selection process.

final model after performing a backward elimination
procedure. The risk score based on these factors was
constructed as shown in Table 3. Two scoring systems,
namely risk score 1 and risk score 2, were separately
developed based on the presence or absence of RAP (point
5 if RAP is present) or the number of AP episodes (point
4 for two episodes, point 5 for three episodes, and point
7 for more than three episodes), as well as alcohol-userelated codes (point 3), age < 55 years (point 2), and
smoking-related codes (point 1).

AP cases. Among these patients, 174 (4.65%) developed
CP during the mean follow-up period of 6.13 ± 3.53
years. The mean age at the first onset of nonbiliary,
nonobstructive AP was 53.04 ± 17.00 years. In addition,
according to the inpatient claims data, 1094 patients
had more than one episode of nonbiliary, nonobstructive
AP, whereas 2645 patients had only one episode of
disease attack. Regarding the behavior-related variables,
21.56% and 33.73% of patients had alcohol-use-related
codes and smoking-related codes, respectively. After
a random sampling, the derivationcohort consisted of
2493 patients, and the validation cohort consisted of
1246 patients, and the baseline characteristics and
demographic variables were comparable between both
cohorts (Table 1). The prevalence of CP was similar
between the derivation and validation cohorts, at 113
(4.53%) and 61 (4.90%), respectively (Table 1).

Personalized risk prediction

The total score for each patient was calculated by sum
ming each risk factor point. The risk scores 1 and 2
ranged between 0-11 and 0-13, respectively (Table
3). Figure 2 shows the time-dependent ROC curve
assessing the discrimination for predicting CP using
the risk score at different endpoints of time. The risk
score 1 had excellent discrimination for predicting the
3-year, 5-year, and overall time period CP incidence,
with the area under the ROC curve of 0.84, 0.84, and
0.79, respectively. The 95% confidence intervals (CIs)
yielded by the 1000 bootstrap simulation validation were
0.80-0.88, 0.81-0.87, and 0.75-0.83, respectively (Figure
2A-C, solid line). The risk score 2 also had excellent
discrimination for predicting the 3-year, 5-year, and

Risk score construction for predicting CP

Table 2 shows the results of the multivariate Cox pro
portional hazard analysis. From the Cox model, four
variables, including smoking habit, age < 55 years,
alcohol consumption, and RAP/number of episodes of AP,
were associated with risks of CP (all P < 0.05). Due to the
insignificance associated with the risk of CP, comorbidities
and history of medication use were excluded from the
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Table 1 Demographic characteristics of 3739 patients n (%)

Sample size
Age, yr
Gender, male
Monthly income, NTD
Geographic location
Northern Taiwan
Central Taiwan
Southern Taiwan
Eastern Taiwan and Islands
Charlson’s comorbidity index score
Comorbidities
Obesity
Hypertension
Hyperlipidemia
Diabetes mellitus
Chronic kidney disease
Alcohol use-related codes
Smoking related codes
Long-term medication use
Statin
Angiotensin-converting enzyme inhibitor
Prednisolone
Hydrochlorothiazide
Sex hormone
Metformin
Number of episode RAP
1
2
3
≥4
Outcomes
Chronic pancreatitis
Follow-up duration, yr

Total

Derivationcohort

Validation cohort

P value

3739
53.04 ± 17
2400 (64.19)
15423.5 ± 13018.5

2493
52.98 ± 17.08
1590 (63.78)
15405.6 ± 13071.9

1246
53.18 ± 16.84
810 (65.01)
15459.1 ± 12916.2

0.735
0.460
0.906

1619 (43.3)
780 (20.86)
1183 (31.64)
157 (4.2)
2.55 ± 2.21

1085 (43.52)
518 (20.78)
790 (31.69)
100 (4.01)
2.56 ± 2.22

534 (42.86)
262 (21.03)
393 (31.54)
57 (4.57)
2.52 ± 2.19

0.725
0.893
0.957
0.470
0.574

17 (0.45)
1456 (38.94)
1048 (28.03)
994 (26.58)
498 (13.32)
806 (21.56)
1261 (33.73)

11 (0.44)
984 (39.47)
698 (28)
658 (26.39)
332 (13.32)
533 (21.38)
849 (34.06)

6 (0.48)
472 (37.88)
350 (28.09)
336 (26.97)
166 (13.32)
273(21.91)
412 (33.07)

0.863
0.348
0.953
0.709
0.996
0.710
0.546

569 (15.22)
472 (12.62)
74 (1.98)
41 (1.1)
180 (4.81)
434 (11.61)

385 (15.44)
327 (13.12)
56 (2.25)
29 (1.16)
129 (5.17)
290 (11.63)

184 (14.77)
145 (11.64)
18 (1.44)
12 (0.96)
51 (4.09)
144 (11.56)

0.588
0.199
0.097
0.580
0.145
0.946

2645 (70.74)
599 (16.02)
234 (6.26)
261 (6.98)

1769 (70.96)
403 (16.17)
153 (6.14)
168 (6.74)

876 (70.3)
196 (15.73)
81 (6.5)
93 (7.46)

0.707
0.768
0.718
0.452

174 (4.65)
6.13 ± 3.53

113 (4.53)
6.12 ± 3.52

61 (4.90)
6.17 ± 3.57

0.619
0.685

RAP: Recurrent acute pancreatitis; NTD: New Taiwan Dollars.

overall time period CP incidence, with the area under
the ROC curve of 0.85, 0.85, and 0.80, respectively.
The 95%CIs yielded by the 1000 bootstrap simulation
validation were 0.81-0.89, 0.82-0.88, and 0.75-0.84,
respectively (Figure 2A-C, dashed line).

gories, respectively. The incidence rates of CP were
1.30, 9.26, and 32.22 per 1000 person-years for the
low-, moderate-, and high-risk categories, respectively
(Figure 3B). The hazards of CP were 7.08 (3.54,
14.14) and 24.15 (13.76, 42.38) for the moderateand high-risk categories, respectively (Figure 4).

Risk stratification

Validation cohort

As the risk score increased, the incidence rate as well
as the hazard of CP increased (Supplementary Table 1).
On the basis of similar magnitudes of hazard, the risk
score 1 of 0-5 was classified as a low-risk category, the
risk score 1 of 6-7 was classified as a moderate-risk
category, and the risk score 1 of > 7 was classified as
a high-risk category. Figure 3 presents the incidence
rates for CP over the risk category. As demonstrated
in Figure 3A, the incidence rates of CP using risk score
1 were 1.27, 7.89, and 31.37 per 1000 person-years
for the low-, moderate-, and high-risk categories, re
spectively. The hazards of CP were 6.14 (3.05, 12.35)
and 23.93 (13.4, 42.73) for the moderate- and highrisk categories, respectively (Supplementary Table 1
and Figure 4).
Similarly, the values of 0-5, 6-7, and 8-13 in risk
score 2 (which includes the number of AP episodes)
were classified as low-, moderate-, and high-risk cate

WJG|www.wjgnet.com

The validation cohort was used to test the risk scores.
The risk scores were calculated for each patient in the
validation cohort, and they were successfully classified
as low-, moderate-, and high-risk categories according
to the score stratifications in the derivation cohort. As
the risk category increased, the incidence rate as well
as the hazard of CP increased (Figures 3 and 4). The
areas under the ROC curve in risk score 1 at 3-, 5-, and
overall year were 0.81, 0.83, and 0.82, respectively.
The 95%CIs yielded by the 1000 bootstrap resamplings
were 0.76-0.86, 0.79-0.87, and 0.78-0.87, respectively
(Figure 3D-F, solid line). In risk score 2, the areas under
the ROC curve at 3-, 5-, and overall year were 0.82, 0.84,
and 0.83, respectively. The 95%CIs were 0.77-0.87,
0.80-0.88, and 0.78-0.87, respectively (Figure 3D-F,
dashed line). This result demonstrated that the risk score
had similar performance between the derivation and
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Table 2 Adjusted hazard ratio and 95% confidence interval for chronic pancreatitis associated with recurrent acute pancreatitis,
smoking, comorbidities, and medication use

Smoking related codes
RAP
1 episode
2 episode
3 episode
> 3 episode
Geographic location
Northern Taiwan
Central Taiwan
Southern Taiwan
Eastern Taiwan and Islands
Age category
Age < 55
Age ≥ 55
Gender, male
Income
CCI
Hypertension
Hyperlipidemia
Diabetes mellitus
Chronic kidney disease
Alcohol use-related codes
Statin
Angiotensin-converting enzyme inhibitor
Prednisolone
Sex hormone
Metformin

Adjusted
full model
HR
(95%CI)

P value

Adjusted
backward model
HR
(95%CI)

P value

Adjusted
backward+episode
HR
(95%CI)

P value

1.57 (1.07, 2.32)
8.96 (5.37, 14.93)

0.022
< 0.001

1.53 (1.04, 2.25)
8.65 (5.2, 14.38)

0.029
< 0.001

1.48 (1.01, 2.17)

0.047

1
5.03 (2.75, 9.22)
8.47 (4.36, 16.45)
15.64 (8.91, 27.47)

< 0.001
< 0.001
< 0.001

1
0.53 (0.28, 0.99)
1.45 (0.94, 2.23)
1.2 (0.57, 2.53)
2.67 (1.35, 5.29)
1
1.31 (0.72, 2.41)
1.1 (0.86, 1.41)
0.96 (0.84, 1.1)
1.14 (0.7, 1.84)
0.82 (0.5, 1.35)
0.73 (0.39, 1.35)
1.64 (0.79, 3.39)
3.06 (1.83, 5.12)
0.97 (0.43, 2.16)
1.05 (0.42, 2.63)
1.28 (0.28, 5.85)
1.64 (0.52, 5.2)
2.09 (0.83, 5.29)

0.047
0.090
0.626
0.005
0.381
0.440
0.576
0.601
0.435
0.314
0.181
< 0.001
0.937
0.922
0.751
0.398
0.120

2.43 (1.31, 4.49)
1

0.005

2.04 (1.06, 3.93)
1

0.033

3.10 (1.96, 4.92)

< 0.001

2.66 (1.66, 4.25)

< 0.001

RAP: Recurrent acute pancreatitis; HR: Hazard ratio; CI: Confidence interval; CCI: Charlson’s comorbidity index.

follow-up period of 6.13 ± 3.53 years in the setting of
adult patients with episodes of nonbiliary, nonobstructive
AP. To our knowledge, this is the first population-based,
large-scale cohort study to explore the risk factors for CP
[14,15]
in the Chinese ethnic population
. Furthermore, we
developed the first prediction score model for CP, which
is simple and useful in the clinical practice (Table 3).
The natural history of AP is still under debate, and the
rate of progression from AP to CP varies and depends on
the etiology of pancreatitis, with a mean interval of 3.5-5.5
[4,16-19]
years reported in the English literature
. In our
population-based cohort study, the rate of progression
from AP to CP was 4.65% during the mean follow-up
period of 6.13 ± 3.53 years (Table 1). This prevalence is
similar to that reported by a prospective study conducted
in Germany, with the rate of progression from AP to CP
occurring in approximately 4% of all patients during a
[4]
20-year period . In our cohort, 12.8% (142/1094) of
patients with RAP (nonobstructive, nonbiliary etiology)
developed CP during the follow-up period, whereas
only 1.2% (32/2645) of patients with only one episode
of AP (nonobstructive, nonbiliary etiology) developed
CP during the follow-up period (Figure 1). In a meta[3]
analysis conducted in 2015 by Sankaran et al , it was
observed 10% of patients with a first episode of AP and
36% of patients with RAP developed CP regardless of
the etiology. In our study, the incidence of CP was much
higher among patients who survived a second attack of

Table 3 Risk score for progression to chronic pancreatitis
after acute pancreatitis

Risk Score 1
Smoking related codes
Age of onset < 55
Alcohol use-related codes
RAP (present or not)
Risk Score 2
Smoking related codes
Age of onset < 55
Alcohol use-related codes
Numbers of RAP
2 episode
3 episode
> 3 episode

1

Model coefficient

Risk factor point

0.43
0.89
1.13
2.16

1
2
3
5

0.39
0.71
0.98

1
2
3

1.62
2.14
2.75
Total

4
5
7
13

1

Risk score was calculated by dividing each model coefficient by the
smallest coefficient in the model and rounding the ratio to the integer.
RAP: Recurrent acute pancreatitis.

validation cohorts.

DISCUSSION
In this study, we identified RAP, alcohol consumption, age
of onset of < 55 years, and smoking habit as the four
major risk factors for developing CP during the mean
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Figure 2 Area under the curve and 95% confidence interval at different time endpoints for risk score in derivation and validation cohorts. Data are
presented as area under the curve (95% confidence interval). A: Discrimination of risk score 1 and risk score 2 for predicting 3-year chronic pancreatitis incidence in
derivation cohort. B: Discrimination of risk score 1 and risk score 2 for predicting 5-year chronic pancreatitis incidence in derivation cohort. C: Discrimination of risk
score 1 and risk score 2 for predicting overall chronic pancreatitis incidence in derivation cohort. D: Discrimination of risk score 1 and risk score 2 for predicting 3-year
chronic pancreatitis incidence in validation cohort. E: Discrimination of risk score 1 and risk score 2 for predicting 5-year chronic pancreatitis incidence in validation
cohort. F: Discrimination of risk score 1 and risk score 2 for predicting overall chronic pancreatitis incidence in validation cohort. AUC: Area under the curve; ROC:
Receiver operating characteristic.

AP than among those with only one attack of AP (aHR:
8.65; 95%CI: 5.2-13.38; P < 0.001), consistent with
[3,4]
several studies on Caucasians
Our multivariate analysis revealed that the risk of
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progression to CP was higher among patients with RAP,
alcoholics, smokers, and younger patients with age of
onset of < 55 years, as assessed using alcohol-userelated codes and smoking-related codes as surrogates
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Figure 3 Risk category strata and associated chronic pancreatitis incidence rates in derivation and validation cohorts. A: Risk category strata and associated
chronic pancreatitis incidence rates in derivation and validation cohorts, risk score 1. B: Risk category strata and associated chronic pancreatitis incidence rates in
derivation and validation cohorts, risk score 2.
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Figure 4 One minus Kaplan-Meier curve for chronic pancreatitis incidence for risk category in derivation and validation cohorts. A: One minus Kaplan-Meier
curve for chronic pancreatitis for risk category based on risk score 1 in derivation cohort. B: One minus Kaplan-Meier curve for chronic pancreatitis for risk category
based on risk score 2 in derivation cohort. C: One minus Kaplan-Meier curve for chronic pancreatitis for risk category based on risk score 1 in validation cohort. D:
One minus Kaplan-Meier curve for chronic pancreatitis for risk category based on risk score 2 in validation cohort.
[5,20]

for alcohol consumption and smoking habit, respectively.
Recently, a majority of physicians have recognized that
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smoking habit
is also an important risk factor for
[3,4,18]
the development of CP along with RAP
and alcohol
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[21,22]

consumption
. In our population-based cohort study,
the multivariate analysis reconfirmed that in addition to
alcohol consumption and RAP, cigarette smoking was an
independent risk factor for CP also in the Chinese ethnic
population (aHR: 1.53; 95%CI: 1.04-2.25; P = 0.029).
Patients with RAP were assigned the highest score
in our prediction model (Table 3). Patients with RAP in
our cohort may represent a susceptible population pos
sessing gene mutations or unfavorable alleles of the
PRSS1, CFTR, SPINK1, CTRC, and CASR genes, making
them more susceptible to environmental factors such as
[16,22-27]
exposure to alcohol or cigarette smoking
. Volker
[16]
et al
have reported that an interaction between the
environmental and genetic factors (i.e., N34S + alcohol
or PRSS1 + smoking) further increased the probability
[22]
of the development of CP. In addition, Polonikov et al
have shown that cigarette smokers with the -408CC
genotype have an increased risk for AP [odds ratio (OR):
2.07], whereas nonsmoker carriers do not have the
disease risk. Genetic risk factors are not rare among pa
tients with CP, and approximately 25% of patients with
[16]
CP exhibit some genetic risk factors . We hypothesized
that a proportion of patients with RAP possess some
genetic disorders, and the interaction between genetic
and environmental factors, such as a smoking habit and
alcohol consumption, accelerates the progression of CP.
Thus, although a majority of patients with genetic risk
factors display a very slow progression of the natural
disease course and always present with RAP in their early
[16]
life , environmental factors such as cigarette smoking
may trigger or accelerate the development of CP in the
background of genetic disorders.
We found that the age of onset of < 55 years is
one of the risk factors for developing CP in this study.
In a cross-sectional study, younger age (OR: 0.80;
95%CI: 0.68-0.94) was found to be independently asso
ciated with an increased risk of developing recurrent
[28]
pancreatitis . In other words, that study demonstrated
that age is a protective factor of recurrence. In a pro
spective study with a 30-year follow-up conducted by
the Danish registries, it was observed that the risk of
progression to CP decreased with increasing age in a
dose-dependent manner with 2% less risk per year of
[29]
age , suggesting that the age of onset is an important
issue while evaluating the possibility of developing CP.
Similar to our study cohort with an etiology of nonob
[29]
structive, nonbiliary pancreatitis, Peter layer et al
published an article on Gastroenterology that disclosed
that patients with early-onset and late-onset idiopathic
CP had a median age at onset of symptoms of 19 and 56
years, respectively, whereas the majority of patients with
alcoholic CP had a median age of onset of 43.9 years,
suggesting that most of the patients with nonobstructive,
nonbiliary CP have the disease onset in their middle age.
The result of that study is consistent with our finding that
the age of onset of < 55 years is one of the risk factors
for developing CP.
In general, CP involves a persistent destructive, inflam
matory process that eventually leads to an “irreversible”
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damage to the endocrine and exocrine functions of the
pancreas. In contrast, early CP is a disease entity that
propagated in 2009, and it has been reported that the
disease course could be reversed if adequate intervention
[30]
is taken . Using our prediction score model for CP, we
were able to stratify our patients into different categories
and arrange further examinations such as pancreatic
functional test or endoscopic ultrasound after acute stage
for the high-risk category (incidence rate of about 31 per
[31]
1000 person-years, based on our study) to detect CP
as early as possible and determine the optimal followup interval for the patients with AP with a nonbiliary,
nonobstructive etiology.

Limitations of this study

First, the definition of the disease was based on ICD[32,33]
9-CM codes assigned by the NHIRD
. However, the
NHIRD data regarding the diagnosis of AP and other
comorbidities have been used in relevant studies on AP
[34-38]
and have been proved to be reliable
. Moreover, to
ensure the diagnosis of AP, we enrolled only hospitalized
patients with a diagnosis of AP and excluded all the out
patients and patients with prior CP, biliary pancreatitis,
and obstructive pancreatitis to avoid overestimation of
the cases with AP. To ensure the objective of the diag
nosis of CP, patients with CP included in our study were
also required to have undergone comprehensive imaging
studies such as dynamic abdominal CT or abdominal MRI
within 3 mo before the diagnosis of CP. In other words,
the diagnosis of CP in our study was not only dependent
on ICD-9-CM coding, but it was also reconfirmed by a CT
or MRI study.
Second, the personal behaviors of smoking habit and
alcohol consumption were based on ICD-9-CM codes,
which may have underestimated the actual prevalence
of smoking and alcohol consumption. However, the preva
lence of alcohol consumption and smoking habit in our
study is very close to that reported by another national
population-based study in Taiwan, which also used the
alcohol-use-related codes and smoking-related codes as
surrogates of alcohol consumption and smoking habit,
[38]
respectively . Considering that the aim of our study was
to investigate the weighting of patients’ behaviors and
the number of AP episodes to the development of CP, the
information extracted based on the ICD-9-CM codes was
sufficient for our purpose. In addition, because we used
conservative statistical methods to analyze the data, the
impact of alcohol consumption and cigarette smoking
could only be underestimated and not overestimated.
Third, due to potential bias, the results derived from
a prospective cohort study are generally of a lower
statistical quality than those from perspective studies.
Fourth, Because we have excluded those with biliary
pancreatitis and obstructive pancreatitis at the begining,
the prediction score which we developed can not be
applied in patients with biliary pancreatitis or obstructive
pancreatitis. Howerer, to assess the reliability of our
results, we included the patients with biliary pancreatitis
and obstructive pancreatitis in the sensitivity analysis.
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score was calculated. For easy application in clinical practice, the total risk
scores were classified into low-risk category, moderate-risk category, and highrisk category based on similar magnitudes of hazard.

The results of sensitivity analysis were consistent with
those of our primary analyses, indicating the robustness
of our study result (Supplementary Table 2).
In conclusion, the presence of RAP, alcohol consump
tion, age of onset of < 55 years, and smoking habit
were found to be the important risk factors for the devel
opment of CP in our large, population-based cohort
study in Taiwan. Using these parameters, we developed
a simple predicting score model for CP, which could
be applied easily when a clinician encounters a patient
with nonbiliary, nonobstructive AP (most of them may
belong to “toxic metabolic” or “idiopathic pancreatitis”
according to the TIGAR-O classification). Unless more
reliable biomarkers for CP are identified, we believe
that this predicting score model could help clinicians in
terms of decision-making, early detection of CP, and
most importantly reversing the early CP and prevent the
development of PDAC.

Research results

The multivariate analysis revealed that the presence of RAP, alcoholism,
smoking habit, and age of onset of < 55 years were the four important risk
factors for CP. We developed a scoring system from the derivation cohort by
classifying the patients into low-risk, moderate-risk, and high-risk categories
based on similar magnitudes of hazard and validated the performance using
another validation cohort. Using this score, we could predict the development of
CP in high risk population and arrange further intervention in high risk category.
However, For the lack of reliable biomarkers for predicting CP at present,
we didn’t include biomarkers in our variables. In the future, if more sensitive
biomarkers for CP could be identified, the biomarkers should be added into the
prediction model to improve the predictive value.

Research conclusions

The presence of RAP, along with alcohol consumption, age of onset,
and smoking habit have a high prediction value of CP. We developed a
novel prediction score model for CP with excellent discrimination and also
successfully validated this model in our study. Using this scoring system, a
clinician can predict the outcome of a patient with AP and arrange further
examination such as endoscopic ultrasound for the high-risk category(incidence
rate of about 31 per 1000 person-years in high risk group), in order to early
diagnosis of CP and the subsequent pancreatic cancer. Furthemore, healthcare
providers can use this scoring system for assessing patient education in terms
of alcohol and smoking abstinence,because the treatment option of CP is
extremely limited.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Chronic pancreatitis (CP) involves a persistent destructive, inflammatory
process that eventually leads to an irreversible damage to the endocrine and
exocrine functions of the pancreas. CP has complications and poor prognosis,
with the mortality rate being approximately two-fold higher than that in the
general population.Incidence rate of pancreatic cancer is as high as 26-fold in
patients with CP, suggesting that the risk of pancreatic cancer is significantly
higher in subjects with CP. Therefore, It is critical to predict CP in patients with
acute pancreatitis (AP).

Research perspectives

We confirmed that RAP, alcohol drinking, age of onset and smoking habit
are important risk factors for CP in Chinese population. Using this score,we
could predict the development of CP in high risk population and arrange
further intervention in high risk category.For the lack of reliable biomarkers for
predicting CP at present, we didn’t include biomarkers in our variables analysis.
In the future, if more sensitive biomarkers for CP could be identified, the
biomarkers should be added into the prediction model to improve the predictive
value for CP in patients with AP episode.

Research motivation

The treatment option of CP is limited. We considered that the prediction of
CP in high risk population and the early intervention in high risk category may
decrease the disease burden and avoid the subsequent malignant change.

Research objectives
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Abstract

Institutional review board statement: This study was approved
by the Medical Ethics Committee of the First Affiliated Hospital of
Xi’an Jiaotong University.

AIM
To investigate the prognostic value of preoperative fibri
nogen concentration (FIB) and D-dimer-fibrinogen ratio
(DFR) in gastrointestinal stromal tumors (GISTs).

Informed consent statement: All the patients or their legal
guardians signed informed consent before the operation. Since
this study used anonymous clinical data, patients did not need to
give informed consent.

METHODS
The purpose of this study was to retrospectively ana
lyze 170 patients with GISTs who were admitted to our
hospital from January 2010 to December 2015. The op
timal cutoff values of related parameters were estimated
by receiver operating characteristic (ROC) curve analysis.
The recurrence free survival (RFS) rate was evaluated
using Kaplan-Meier curves. Univariate analysis and
multivariate Cox regression models were used to analyze
the prognostic factors of GISTs. The relationship between
the FIB, D-dimer, DFR, platelet count (PLT), and the
clinicopathological features of GISTs was described by the
chi-square test or nonparametric rank sum test (MannWhitney test).
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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
In ROC analysis, the optimal cutoff values of FIB, D-dimer,
DFR, and PLT were 3.24 g/L, 1.24 mg/L, 0.354, and 197.5
9
(× 10 /L), respectively. Univariate analysis and the KaplanMeier survival curve showed that FIB, D-dimer, DFR, PLT,
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National Institutes of Health (NIH) risk category, tumor
size, tumor location, and mitotic index were significantly
relevant to the 3-year and 5-year survival rate of patients
(P < 0.05). Cox multivariate regression analysis illustrated
that FIB (RR : 0.108, 95%CI: 0.031-0.373), DFR (RR :
0.319, 95%CI: 0.131-0.777), and NIH risk category (RR :
0.166, 95%CI: 0.047-0.589) were independent prognostic
factors of the RFS rate (P < 0. 05). Moreover, FIB, D-dimer,
DFR, and PLT were correlated with the clinical features of
GISTs.

have tumor recurrence, and the median survival after
[4]
recurrence is less than 2 years . Unfortunately, if GISTs
recur or are metastatic, the value of the operation is
low. In addition, the expert consensus on GISTs in China
indicates that patients in the intermediate category
or high category who meet the 2008 revision risk clas
sification standard should carry out corresponding auxi
[3]
liary treatment . Therefore, early screening of middle
and high category patients with adjuvant therapy can sig
nificantly improve the prognosis of patients. However, the
current accepted risk classification criteria for predicting
the prognosis of GIST patients require pathological
results to be obtained. In this case, it is important to
develop some simple, noninvasive methods to accurately
screen high-risk populations of GISTs and provide early
adjuvant therapy to improve their prognosis.
Thrombocytopenia and coagulation abnormalities
are very common in cancer patients. Research shows
that cancer is a prothrombotic state, and much evidence
points to a role for the fibrinogen-platelet axis in tumor
[4]
biology . Fibrinogen (FIB) is a glycoprotein produced
mainly by liver cells, which is an important coagulation
factor and contributes to the regulation of blood co
[5]
agulation pathways . Moreover, FIB can promote cell
adhesion and inflammation in the process of coagulation.
Additionally, recent evidence suggests that tumors with
elevated FIB levels are more likely to develop invasion
[6,7]
and metastasis , including esophageal, gastric, and
[8]
colorectal carcinomas . In the coagulation system,
FIB can be transformed into fibrin by thrombin, and
the end product D-dimer of fibrin is increased in cases
such as colorectal cancer, lymph node metastasis, and
[9]
vascular invasion . In addition, it was reported that the
combination of FIB and the neutrophil-lymphocyte ratio
could predict tumor progression and prognosis in gastric
[8]
cancer patients . At the same time, D-dimer can also
help predict the prognosis of metastatic gastric cancer
[10]
after chemotherapy .
Based on the above results, we hypothesized that
plasma FIB, D-dimer, and platelet count (PLT) may be
associated with clinical outcomes in patients with cancer.
However, as far as we know, studies assessing the prog
nostic value of plasma FIB, D-dimer, and PLT in patients
with GISTs are rarely reported.
The aim of this study was to investigate the relation
ship between preoperative FIB, D-dimer, the D-dimerFIB ratio (DFR), PLT values, and clinicopathologic charac
teristics and to evaluate the prognostic value of these
markers in GISTs.

CONCLUSION
FIB, D-dimer, DFR, and PLT are all related to the prognosis
of GISTs. Moreover, FIB and DFR may be independent risk
factors for predicting the prognosis of resectable GISTs.
Key words: D-dimer; D-dimer-fibrinogen ratio; Prognosis;
Fibrinogen; Gastrointestinal stromal tumor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For patients with gastrointestinal stromal tumors
(GISTs), postoperative recurrence and metastasis are the
main factors affecting survival. Moreover, recurrence and
metastasis mainly occur in moderate and high-risk pa
tients. Therefore, it is necessary to screen these patients
for adjuvant treatment at an early stage. Fibrinogen
(FIB) and D-dimer were reported to be associated with
the prognosis of many tumors. The purpose of this study
was to investigate the value of preoperative FIB, D-dimer,
the D-dimer-fibrinogen ratio (DFR), and platelets in the
prognosis of GISTs. The results showed that FIB and DFR
were independent risk factors for predicting the prognosis
of primary resectable GIST.
Cai HX, Li XQ, Wang SF. Prognostic value of fibrinogen and
D-dimer-fibrinogen ratio in resectable gastrointestinal stromal
tumors. World J Gastroenterol 2018; 24(44): 5046-5056
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i44/5046.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
i44.5046

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms originating from the
[1,2]
gastrointestinal tract . GISTs may occur anywhere in
the digestive tract, including outside the gastrointestinal
[1]
tract . The incidence of GISTs is 60%-70% in the
[3]
stomach, and 30% in the small intestine . However,
GISTs occurring in areas such as the colon, rectum, and
esophagus are rare. The main treatment for primary
[1]
localized GISTs is margin negative complete resection .
However, the recurrence or metastasis of the original
disease after the operation are an obstacle to prolonging
the survival period. It was reported that approximately
50% of the patients who undergo surgery alone will
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MATERIALS AND METHODS
Patients and clinicopathologic parameters

The research institution of this study was the First Affi
liated Hospital of Xi’an Jiaotong University. One hundred
and seventy patients with GISTs were treated at our
department from January 1, of 2010 to December 31,
2015. Clinicopathological parameters and follow-up data
were assessed for all the GIST patients (91 men and 79
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women) who received initial curative surgical resection.
All the patients were pathologically confirmed with GISTs.
The demographic data and clinicopathologic features
of each patient were collected. The average age of the
patients was 61 years.
All enrolled patients must meet the following criteria:
(1) the first diagnosis was primary resectable GIST;
(2) complete blood test results can be obtained before
treatment; (3) surgical treatment was performed, and
imatinib was not administered preoperatively; and (4)
there were complete postoperative follow-up data.
Patients with hematological diseases, other tumor
types, the use of coagulation and anticoagulation drugs
for 8 weeks, incomplete blood test results, or with
myocardial infarction, cerebral infarction, and other dis
eases were excluded.
The preoperative assessment of GISTs was per
formed by abdominal or pelvic CT, magnetic resonance
imaging (MRI), gastrointestinal endoscopy, or endoscopic
ultrasound. This study was approved by the Medical
Ethics Committee of the First Affiliated Hospital of Xi’
an Jiaotong University, and all the patients signed an
informed consent form before the operation.
We collected the data of all patients in the study,
including patient demographics (age and gender), clinical
and pathological features, comorbidities, FIB, D-dimer,
PLT, operative factors (type of surgery and extent of
lymph node dissection), and tumor characteristics (lo
cation, size, lymph node metastasis, mitotic number, dis
tant metastasis, and risk category).
Data collected on preoperative plasma FIB, D-dimer,
PLT, and other laboratory indexes are the closest to
the results of a test of the time of surgery. It was most
important that all the laboratory data were obtained
from each patient before breakfast. Venous blood with
no evidence of infection was collected. The DFR was
calculated as D-dimer (mg/L) divided by fibrinogen
concentration (g/L).

of FIB, D-dimer, DFR, and PLT were determined using
[1]
receiver operating characteristic (ROC) curves . The
patients were divided into high and normal groups by
the optimal values. The area under the curve was deter
mined by ROC curve analysis, and the 95% confidence
interval (CI) was determined. The correlation of tests,
including binary classification variables, was performed
using the Chi-square test or nonparametric rank sum
test (Mann-Whitney test). Recurrence free survival (RFS)
was defined as the time from the surgery to clinical or
imaging evidence of recurrence for the first time. The
Kaplan-Meier method was used to estimate the survival
curve of RFS, and the log-rank test was used to evaluate
the difference between groups. Univariate analysis
was used to analyze the risk factors influencing the
RFS of GISTs. A multivariate Cox proportional hazards
regression model was used to identify the independent
risk factors affecting RFS, with the risk ratio (RR) and
the corresponding 95%CI calculated. The meaningful
indicators found in univariate analysis were further
evaluated by a multivariate Cox proportional hazards
regression model (Forward stepwise method - conditional
likelihood ratio). The Cox regression equation was as
follows: h (t, x) = h0 (t) exp (β1x1 + β2x2 + … + βpxp),
where x is covariate with time, h (t, x) is a risk function
that is the individual with a covariate x function of risk
on the t moment, h0 (t) is the baseline hazard function,
and βI ( I = 1, 2 ,…, p) is population regression. The
prognostic index (PI) model was as follows: PI = β1x1 +
β2x2 + … + βpxp.
All data were statistically analyzed using SPSS
software (version 18.0; SPSS Inc., Chicago, IL, United
States). All tests were two-sided, and P-values below 5%
were considered statistically significant.

RESULTS
ROC analysis

The optimal cutoff values of FIB, D-dimer, DFR, and PLT
were determined using ROC curves. The areas under
the ROC curves for FIB, D-dimer, DFR and PLT were
0.758 (95%CI: 0.666-0. 850; P < 0.01), 0.739 (95%CI:
0.629-0. 850; P < 0.01), 0.709 (95%CI: 0.596-0. 822;
P = 0.001), and 0.625 (95%CI: 0.517-0. 733; P =
0.050), respectively (Figure 1). For all GIST patients, FIB
= 3.24 g/L, D-dimer = 1.24 mg/L, DFR = 0.354, and PLT
9
= 197.5 (× 10 /L) had the highest sensitivity (87.5%,
70.8%, 66.7%, and 75%) and specificity (61.6%, 76%,
80.1%, and 51.4%), respectively (Table 1).

Follow-up assessments

Patients were followed once every 3 mo for 2 years,
every 6 mo between 2 and 5 years, and then every
year thereafter. Follow-ups were either by outpatient or
inpatient review, or by contacting patients or their relatives
by telephone. For the follow-up of GIST patients after
surgery, chest and abdominal CT scan, abdominal (liver
and adrenal) ultrasound scan, bone marrow scan and
endoscopic biopsy, and positron emission computerized
tomography (PET) to exclude recurrence and metastasis
were utilized. According to the follow-up program, all
patients were followed until the deadline of December 1,
2016 or the death of the patient. Metastatic recurrence
revealed by imaging and death were considered as the
end point events.

Baseline patient characteristics

All 170 patients in this study were confirmed with GISTs
by pathology. The age of the study population ranged
from 19 to 80 years, with a median age of 61 years. In
all patients, there were 91 male cases, accounting for
53.5%; the male to female ratio was 1.15:1. The most
common site of GISTs was the stomach (122 cases),
accounting for 71.76%, followed by the small intestine

Statistical analysis

The frequency and percentage are used to represent
the patient’s baseline characteristics. The optimal values
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Table 1 Area under the curve
Variable

Area

SE

P value

95%CI

FIB (g/L)
D-dimer (mg/L)
D-dimer/FIB
PLT (109/L)

0.758
0.739
0.709
0.625

0.047
0.056
0.058
0.055

< 0.01
< 0.01
0.001
0.05

0.666-0.850
0.629-0.850
0.596-0.822
0.517-0.733

FIB: Fibrinogen; CI: Confidence interval; PLT: Platelet count.
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ROC curve
1.0

Source of the curve

0.6
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Figure 1 Receiver operating characteristic curves for predicting recurrence free survival among 170 gastrointestinal stromal tumor patients. A and B:
Plasma fibrinogen (FIB), D-dimer, D-dimer to FIB ratio (D-dimer/FIB), and platelet count. ROC: Receiver operating characteristic ; RFS: Recurrence-free survival;
GIST: Gastrointestinal stromal tumor.

(20%; 34/170), colon and rectum (5.88%; 10/170),
pelvic cavity (1.76%; 3/170), and esophagus (0.59%;
1/170). The median diameter of tumors in this study
was 5 cm, with a minimum of 0.5 cm and a maximum of
29 cm. According to the revised NIH (National Institutes
[10]
of Health) risk category of 2008 , of the total 170
patients, 18 were at very low risk (10.59%), 65 at low
risk (38.24%), 37 at intermediate risk (21.76%), and 50
at high risk (29.41%). The mitotic count was more than
5/50 high power fields (HPFs) in 125 (73.53%) patients.
There were 48 (55.17%, 48/87) patients receiving
adjuvant imatinib following surgery in the intermediate
and high risk categories. During follow-up, 24 patients
showed recurrence or metastasis, 15 patients suffered
from GIST related deaths, and 1 patient died in a car
accident. The 3- and 5-year RFS rates in the 170 patients
with GISTs were 85% and 75%, respectively.

the prognosis of the patients. These risk factors included
FIB (≥ 3.24 g/L vs < 3.24 g/L, P < 0.01), D-dimer (≥
1.24 mg/L vs < 1.24 mg/L, P < 0.01), DFR (< 0.354 vs
9
≥ 0.354, P < 0.01), PLT (≥ 197. 5 × 10 /L vs < 197.5 ×
9
10 /L, P = 0.014), mitotic index (≤ 5/50 HPFs vs > 5/50
HPFs, P < 0.01), tumor size (≤ 5 cm vs > 5 cm, P < 0.01),
tumor location (gastric vs extragastric, P = 0.001), and
NIH risk category (very low and low vs intermediate and
high, P < 0.01). The results of these univariate analyses
are shown in Table 2.
We divided the patients into a normal group and a
high group based on serum FIB level, D-dimer, DFR,
and PLT, respectively, and investigated the relationship
between the above parameters and the prognosis of
GIST patients. We found that patients with high pre
operative FIB, D-dimer, DFR, or PLT had a shorter RFS
than normal controls (Figure 2A-D). In the first 3 years,
the survival time of patients who received the adju
vant imatinib was significantly longer than that of the
untreated in the intermediate and high risk category
group (Figure 2E).
In addition, extragastric tumors, tumors larger than
5 cm, intermediate-high NIH risk category, and mitotic
image count above 5/50 HPFs were associated with a
poorer prognosis (log-rank, P < 0.01) (Table 2).
This study also evaluated the prognostic value of FIB
concentration combined with D-dimer in patients with
GISTs, as well as its clinical applicability and clinical value.

Univariate analysis of prognostic factors

Of the 170 patients in this study, the median RFS survival
time was 32 mo (1 mo to 80 mo) postoperatively.
Univariate analyses of demographic and clinicopathologic
factors were performed to assess the prognostic factors
associated with survival. Univariate analysis showed that
gender (male and female) and age (< 61 years vs ≥
61 years) were not relevant to the prognosis of patients
with GISTs (P > 0.05). However, other demographic and
clinical pathology factors were risk factors that affected
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Table 2 Univariate analysis of association between clinicopathologic features and prognosis in gastrointestinal stromal tumor patients
Characteristic
Gender
Male
Female
Age (yr)
< 61
≥ 61
NIH risk category
Very low, low
Intermediate, high
Tumor size (cm)
≤5
>5
Tumor location
Gastric
Extragastric
FIB (g/L)
< 3.24
≥ 3.24
D-dimer (mg/L)
< 1.24
≥ 1.24
DFR
< 0.354
≥ 0.354
PLT (× 109/L)
< 197.5
≥ 197.5
Mitotic index
≤ 5/50 HPFs
> 5/50 HPFs
Adjuvant imatinib1
Yes
No

Number

3-yr RFS (%)

5-yr RFS (%)

95%CI

P value

91
79

80
90

75
80

61.170-72.86
56.828-65.996

0.498

78
92

85
83

81
78

58.018-66.650
61.508-73.445

0.406

83
87

97
80

95
65

73.805-80.329
50.488-62.245

< 0.01

97
73

95
63

95
55

75.130-80.262
49.388-63.256

< 0.01

122
48

92
76

85
55

67.968-76.637
42.703-56.229

0.001

95
75

95
65

95
50

75.248-80.253
48.878-62.958

< 0.01

118
52

95
65

88
55

70.09-88.603
46.163-62.647

< 0.01

126
44

95
70

85
50

70.237-78.220
43.262-61.237

< 0.01

81
89

92
76

85
68

68.060-78.540
55.307-67.619

0.014

125
45

95
65

90
35

70.431-77.808
39.663-55.513

< 0.01

48
39

70
75

55
55

48.468-64.287
41.127-64.055

0.940

1

Intermediate and high risk gastrointestinal stromal tumor patients. GIST: Gastrointestinal stromal tumor; NIH: National Institutes of Health; FIB:
Fibrinogen; RFS: Recurrence-free survival; DFR: D-dimer to FIB ratio (D-dimer/FIB); PLT: Platelet count.

We divided GIST patients into four groups based on the
following criteria: low FIB and low D-dimer; low FIB and
high D-dimer; high FIB and low D-dimer; and high FIB
and high D-dimer. The prognosis of the high FIB and high
D-dimer group was significantly worse than that of the
low FIB and/or low D-dimer group (38% vs 95% vs 92%
vs 82%, P < 0. 01, Figure 3).

NIH risk category). The PI of the present study was PI =
2.035 FIB + 1.097 DFR + 1.582 NIH risk category.
To exclude confounding the analyses by the treatment
of GIST patients with the tyrosine kinas inhibitor imatinib,
we recalculated the RFS of GISTs by a hierarchy of
whether patients received adjuvant imatinib or not
after surgery. This multivariate analysis indicated that
FIB, DFR, and NIH risk category (RR: 0.108, 95%CI:
0.031-0.373, P < 0. 01; RR: 0.319, 95%CI: 0.131-0.777,
P = 0.012; RR: 0.166, 95%CI: 0.047-0.589, P =
0.005; respectively) were still independent risk factors
associated with GIST prognosis, as shown in Table 4. The
Cox proportional regression model was h (t, x) = h0 (t)
exp (2.223 FIB + 1.141 DFR + 1.795 NIH risk category).
The PI of the present study was PI = 2.223 FIB + 1.141
DFR + 1.795 NIH risk category.

Multivariate analysis of prognostic factors

To determine the independent risk factors for GIST pa
tients, we used the Cox proportional hazard model to as
sess the outcome.
Multivariate analysis was used to further analyze the
risk factors affecting the prognosis of GISTs in univariate
analysis. Factors in the multivariate analysis included
FIB levels, D-dimer levels, DFR, PLT, tumor size, tumor
location, and NIH risk category. The results showed that
FIB (RR: 0.131, 95%CI: 0.039-0.443, P = 0.001), DFR
(RR: 0.334, 95%CI: 0.139-0.802, P = 0.014), and NIH
risk category (RR: 0.206, 95%CI: 0.059-0.711, P =
0.012) were independent risk factors for the prognosis of
GISTs (Table 3).
The Cox regression formula for the present study was
h (t, x ) = h0 (t) exp (2.035 FIB + 1. 097 DFR + 1.582

WJG|www.wjgnet.com

Correlation of FIB, D-dimer, DFR, and PLT levels with
clinicopathologic factors in GIST patients

The clinicopathologic features of high and low FIB,
D-dimer, DFR and PLT GIST patients were analyzed and
are summarized in Tables 5-8, respectively. The results
showed that age, sex, tumor location, tumor size, NIH
risk category, and mitotic index were correlated with the
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Figure 2 Kaplan-Meier survival curves of high and normal groups of different indicators in 170 resected primary gastrointestinal stromal tumor patients.
(A) Fibrinogen (FIB) category; (B) D-dimer category; (C) D-dimer-fibrinogen ratio (DFR) category; (D) Platelet (PLT) category; (E) Adjuvant imatinib treatment of
intermediate and high risk gastrointestinal stromal tumor patients. RFS was significantly lower for each variable in the high group than in the low group (P < 0.05). FIB:
Fibrinogen; DFR: D-dimer-fibrinogen ratio; RFS: Recurrence-free survival; GIST: Gastrointestinal stromal tumor.

above indexes (P < 0.05). This finding indicated that the
correlation between the above parameters and prognosis
may be attributed to their correlation with tumor size,
mitotic index, and NIH risk category.

nosis of various malignant tumors, such as lung, sto
[11]
mach, and pancreatic cancer . D-dimer was related
to the stage of the tumor in patients with prostate,
[12-14]
lung, cervix, ovary, breast, or colorectal cancer
. PLT
was associated with the prognosis of epithelial ovarian
[4,15]
carcinoma and pancreatic cancer
. However, the
data for FIB, D-dimer, and PLT predicting the prognosis
of primary resectable GISTs are still very limited. We

DISCUSSION
It was reported that FIB could strongly predict the prog
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Table 3 Multivariate analysis of the significant variables determined by univariate analysis

FIB
Risk
DFR

B

SE

Wald

P value

RR (95%CI)

-2.035
-1.582
-1.097

0.622
0.633
0.447

10.692
6.249
6.022

0.001
0.012
0.014

0.131 (0.039-0.443)
0.206 (0.059-0.711)
0.334 (0.139-0.802)

FIB: Fibrinogen classification (FIB < 3.24 and FIB ≥ 3.24); Risk: Risk category (very low, low and intermediate, and high risk); DFR: D-dimer to FIB
classification (DFR ≥ 0.354 and DFR < 0.354); RR: Risk ratio; CI: Confidence interval.

Table 4 Multivariate analysis of the significant variables determined by univariate analysis on the hierarchy of adjuvant imatinib

FIB
Risk
DFR

B

SE

Wald

P value

RR (95%CI)

-2.223
-1.795
-1.141

0.632
0.645
0.454

12.385
7.736
6.325

0.000
0.005
0.012

0. 108 (0.031-0.373)
0.166 (0.047-0.589)
0.319 (0.131-0.777)

FIB: Fibrinogen classification (FIB < 3.24 and FIB ≥ 3.24); Risk: Risk category (very low, low and intermediate, and high risk); DFR: D-dimer to FIB ratio
classification (DFR ≥ 0.354 and DFR < 0.354); RR: Risk ratio; CI: confidence interval.
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Figure 3 Recurrence-free survival of gastrointestinal stromal tumor patients, according to the combination of fibrinogen and D-dimer. The prognosis of the
high fibrinogen and high D-dimer group was worse than that in the other groups. FIB: Fibrinogen; RFS: Recurrence-free survival; GIST: Gastrointestinal stromal tumor.

found only one study that examined the role of D-dimer
[16]
in primary GISTs . That study found that a baseline
D-dimer level greater than 1000 ng/mL was inversely
associated with total GIST survival rate and progressionfree survival rate. Recently, another study found that
high levels of FIB were associated with decreased overall
[17]
survival (OS) and RFS in patients with GISTs . However,
as far as we know, there is little research on the value of
these markers in the prognosis of patients with GISTs.
In the present study, we explored the clinical asso
ciation of FIB, D-dimer, DFR, and PLT with pathological
features and the prognosis of GISTs. Our purpose was
to determine whether the above parameters could be
associated with the prognosis of GISTs. We found that
preoperative plasma FIB, D-dimer, PLT, NIH risk category,
tumor location, tumor size, and mitotic index were
associated with RFS in GIST patients who underwent
surgical excision. To eliminate the interference of various
factors on the predicted results of FIB and D-dimer,
we calculated the DFR and found that DFR was also a
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prognostic indicator of GISTs. In addition, we combined
FIB and D-dimer and divided the patients into four
groups to show that the prognosis of the high D-dimer
and high FIB group was significantly poorer than that of
others. By inputting the statistically significant indexes
that were found in the univariate analysis results into
the Cox proportional hazards models, multiple factor
regression analysis indicated that elevated FIB, DFR, and
high NIH risk category were independent risk factors for
poor prognosis of GISTs. There was also a correlation
between the preoperative FIB, D-dimer, DFR, PLT and the
clinicopathologic features of GISTs. If we can predict the
prognosis of GISTs by using hematology markers such as
FIB, D-dimer, DFR, and PLT, especially FIB and DFR, the
analysis will be more convenient. We can easily monitor
and predict the recurrence and metastasis of patients.
It is well known that the failure of many cancer treat
ments is closely related to tumor metastasis. A positive
correlation between coagulation and tumor metastasis
[18]
was observed many years ago . Coagulation system
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Table 5 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative fibrinogen
Characteristic

Low FIB (< 3.24 g/L)

High FIB (≥ 3.24 g/L)

78
17

0
75

91
4

0
75

95
0

27
48

95
0

2
73

18
65
12
0

0
0
25
50

95
0

30
45

Age (yr)
< 61
≥ 61
Gender
Male
Female
Location
Gastric
Nongastric
Tumor size (cm)
≤5
>5
NIH risk category
Very low
Low
Intermediate
High
Mitotic index
≤ 5/50 HPFs
> 5/50 HPFs

P value
< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

FIB: Fibrinogen; HPFs: High power fields.

Table 6 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative D-dimer
Characteristic
Age (yr)
< 61
≥ 61
Gender
Male
Female
Location
Gastric
Nongastric
Tumor size (cm)
≤5
>5
NIH risk category
Very low
Low
Intermediate
High
Mitotic index
≤ 5/50 HPFs
> 5/50 HPFs

Low D-dimer (< 1.24 mg/L)

High D-dimer (≥ 1.24 mg/L)

78
40

0
52

91
27

0
52

118
0

4
48

97
21

0
52

18
65
35
0

0
0
2
50

118
0

7
45

P value
< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

NIH: National Institutes of Health; HPFs: High power fields.

abnormalities are usually associated with tumor pro
gression, and the coagulation cascade is often amplified
in cancer patients. Approximately 50% of local tumor
patients and most metastatic tumor patients have
[9,19]
several coagulation factor abnormalities
.
FIB is a plasma protein that plays an important role
in the process of coagulation. Some studies have shown
[20]
that FIB is positively related to cancer progression .
The elevated FIB is associated with distant tumor
metastasis, suggesting that FIB plays an important role
in the adhesion of tumor and vascular metastasis of the
target organ. In addition, FIB plays an important role
in angiogenesis and tumor cell growth, which may be
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associated with the promotion of growth factor fusion
and cell adhesion, proliferation, and migration. Moreover,
platelet fibrin malignancies play an important role in
the early development of tumor cells, avoiding the host’
[20]
s autoimmune surveillance by providing protection .
Other research evidence indicates that the FIB fragment
promotes tumor progression and metastasis by inhibiting
tumor angiogenesis and binding and downregulating the
[20]
expression of vascular endothelial cells . However, the
exact mechanism of the role of FIB in the progression of
tumor remains unclear and requires further study.
D-dimer is not only a product of fibrin degradation
that is found in blood after the coagulation cascade but
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Table 7 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative D-dimer-fibrinogen
ratio
Characteristic
Age (yr)
< 61
≥ 61
Gender
Male
Female
Location
Gastric
Nongastric
Tumor size (cm)
≤5
>5
NIH risk category
Very low
Low
Intermediate
High
Mitotic index
≤ 5/50 HPFs
> 5/50 HPFs

Low DFR (< 0.354)

High DFR (≥ 0.354)

78
48

0
44

91
35

0
44

122
4

0
44

97
29

0
44

18
65
37
6

0
0
0
44

125
1

0
44

P value
< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

HPFs: High power fields; DFR: D-dimer to fibrinogen ratio.

Table 8 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative platelet count
Characteristic
Age (yr)
< 61
≥ 61
Gender
Male
Female
Location
Gastric
Nongastric
Tumor size (cm)
≤5
>5
NIH risk category
Very low
Low
Intermediate
High
Mitotic index
≤ 5/50 HPFs
> 5/50 HPFs

9
Low PLT (< 197.5 × 10 /L)

9
High PLT (≥ 197.5 × 10 /L)

78
3

0
89

81
0

10
79

81
0

41
48

81
0

16
3

18
63
0
0

0
2
37
50

81
0

44
45

P value
< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

< 0.01

NIH: National Institutes of Health; HPFs: High power fields.

[18]

also a specific marker for fibrinolysis. Similarly, D-dimer
is an important marker of coagulation abnormalities.
Studies have indicated that coagulation disorders exist in
90% of cancer patients, such as shortened prothrombin
and partial thromboplastin time, and increased factors
Ⅱ, Ⅴ, Ⅷ, Ⅸ, XI, XII, FIB, and fibrin degradation pro
[11,13]
ducts
. There are other studies determining whether
the level of D-dimer significantly increased in patients
with disseminated intravascular coagulation (DIC), deep
vein thrombosis, pulmonary embolism, myocardial
infarction, cerebral infarction, and other thromboembolic
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events .
In addition, we speculate that another cause of the
increase in FIB and D-dimer may be related to the liver
because the blood clotting related indicators are pro
duced by the liver. Furthermore, it is not ruled out that
the prognostic effect of FIB and DFR on GISTs may be
due to the correlation between these indexes and the
clinicopathologic features of GISTs.
The relationship between PLT and tumors can be
understood by the fact that PLT plays a very important
role in tumor vascular growth through various platelet-
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derived vascular growth factors, and platelet-derived
transforming growth factor β (TGF-β) can coactivate
TGF-β/Smad and NF-κB pathways in cancer cells, thus
[21]
promoting tumor metastasis .
At present, the prognostic factors of GISTs, such as
mitotic count, tumor location, size, rupture, and meta
[2,22]
stasis
, all depend on postoperative pathological
results. Biomarkers to screen for the recurrence or
progression of GISTs are still limited, but many studies
support the notion that the prognosis of tumors can be
[13]
judged using tumor biomarkers . For example, marker
CA-153 is associated with the recurrence and metastasis
of breast cancer, CEA is used to monitor the treatment
of colorectal cancer and gastric cancer, and CA-199 is
associated with ovarian cancer.
Moreover, in most hospitals, the tests for plasma FIB,
D-dimer, and PLT have been included in conventional
preoperative coagulation and routine blood tests, and
the values are easy to obtain. Based on this, it is easy
for clinicians to use FIB, D-dimer, and PLT as prognostic
markers in GIST patients. Therefore, before an operation,
we could roughly predict the prognosis of GISTs by hema
tological indicators, to give early intervention therapy,
and thus obtain a better prognosis. Especially for those
patients who cannot obtain pathological results, it is
more significant to use these hematological indicators to
predict the prognosis of GISTs. Furthermore, combining
these hematological parameters with the clinical features
of GISTs can significantly improve the prognostic
evaluation of GISTs.
This study has some limitations. First, it is a single
center, retrospective, nonrandomized, controlled study.
More prospective research is needed to verify the pre
dictive value of these indicators. Second, its small sample
size may cause some bias; therefore, a larger sample
size study is required to further validate our results.
Third, this study also included a number of deleted cases
that did not survive for 5 years after surgery, which may
lead to bias in the survival analysis. Fourth, some of
the NIH risk categories of high risk GIST patients in this
study failed to receive adjuvant treatment or to complete
adjuvant treatment as a result of their high drug costs or
adverse drug reactions. Furthermore, we only analyzed
the predictive value of these indicators in primary re
sectable and preoperative GISTs without adjuvant
medication, and the predictive value of these markers
in patients receiving adjuvant imatinib and nonoperative
GISTs needs further study.
However, considering the low cost and ease of ope
ration of hematological testing, plasma FIB, D-dimer,
DFR, and PLT should be considered as prognostic indi
cators for GIST patients, especially in developing coun
tries. It is known that clinicians are better at screening
patients requiring adjuvant therapy and formulating
targeted general treatment and monitoring programs.
Nevertheless, this finding also requires a large, pro
spective study to further confirm.
In light of these results, it is concluded that pre
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operative plasma FIB, D-dimer, DFR, and PLT can be used
as effective hematological biomarkers for monitoring the
prognosis of GIST patients that do not require special
measuring devices. It was also indicated that clinicians
should obtain FIB, D-dimer, DFR, and PLT values as part
of routine care. In particular, the value of FIB and DFR in
predicting the prognosis of GISTs should be emphasized.
These values should be added to the currently accepted
preoperative risk categories, such as size, primary tumor
site, and genetic mutation.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

It is well known that moderate and high-risk gastrointestinal stromal tumor (GIST)
patients have a high recurrence rate and need adjuvant targeted therapy to
improve prognosis. Therefore, early screening of this protion of patients to give
adjuvant treatment is particularly important. At present, the prediction of GISTs
is obtained by postoperative pathology, and there is no effective index to predict
the prognosis of GISTs before operation. The purpose of this retrospective
study was to investigate the role of fibrinogen (FIB), D-dimer-fibrinogen ratio
(DFR) in the prognosis of GISTs before operation.

Research motivation

The increase of blood coagulation indexes such as fibrinogen content and
D-dimer before operation can predict the adverse prognosis of many kinds
of cancer, but there is little discussion about the relationship between these
indexes and GISTs.

Research objectives

The retrospective study analyzed the role of FIB, D-dimer, DFR, and platelet
count (PLT) in the prognosis of GISTs before operation.

Research methods

This study included 170 patients with GISTs who met the criteria. The data of
all the patients were collected before and after operation to make statistical
analysis. All data were analyzed using the SPSS 18.0 statistical software, with
a P-value below 0.05 considered statistically significant.

Research results

In the present study, univariate analysis showed that FIB, D-dimer, DFR, and
PLT were correlated with the 3- and 5-year survival rates of GIST patients. In
addition, there was a correlation between the clinical features and FIB, D-dimer,
DFR, and PLT in GISTs. Moreover, multivariate analysis showed that FIB and
DFR had an independent effect on the prognosis of GIST patients.

Research conclusions

This retrospective study showed that FIB, D-dimer, DFR, and PLT were the
prognostic factors of GISTs, but there was an independent correlation between
FIB and DFR and GIST prognosis. These factors may help screen out high-risk
patients early and to administer adjuvant intervention as soon as possible.

Research perspectives

For patients with GISTs, the prognosis can be preliminarily estimated according
to hematological indexes such as FIB and DFR before the operation, and
adjuvant therapy can be given early to improve the prognosis of patients. Of
course, the results of this study need to be further verified by a large sample
size prospective study.
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Abstract
Assisted diagnosis using artificial intelligence has been a
holy grail in medical research for many years, and recent
developments in computer hardware have enabled the
narrower area of machine learning to equip clinicians with
potentially useful tools for computer assisted diagnosis
(CAD) systems. However, training and assessing a
computer’s ability to diagnose like a human are complex
tasks, and successful outcomes depend on various
factors. We have focused our work on gastrointestinal (GI)
endoscopy because it is a cornerstone for diagnosis and
treatment of diseases of the GI tract. About 2.8 million
luminal GI (esophageal, stomach, colorectal) cancers are
detected globally every year, and although substantial
technical improvements in endoscopes have been
made over the last 10-15 years, a major limitation of
endoscopic examinations remains operator variation. This
translates into a substantial inter-observer variation in the
detection and assessment of mucosal lesions, causing
among other things an average polyp miss-rate of 20%
in the colon and thus the subsequent development of
a number of post-colonoscopy colorectal cancers. CAD
systems might eliminate this variation and lead to more
accurate diagnoses. In this editorial, we point out some
of the current challenges in the development of efficient
computer-based digital assistants. We give examples of
proposed tools using various techniques, identify current
challenges, and give suggestions for the development
and assessment of future CAD systems.
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learning is the practice of using algorithms to parse
data, learn from the data, and then make a prediction,
and in the medical domain such systems are used to
detect or classify a disease. Research and development
of such systems is currently under way in many medical
domains like retina scans, various cancer screening
[9-11]
systems, and skin cancer detection
. However, there
exist methodological issues that need to be addressed
both for creating and improving automated diagnosis
algorithms.

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

Core tip: Assisted diagnosis using artificial intelligence
and recent developments in computer hardware have
enabled the narrower area of machine learning to
equip the endoscopists with potentially powerful tools
for computer assisted diagnosis systems. The success
depends on various factors; optimizing algorithms, image
database quality and size and comparison with existing
systems.

MACHINE LEARNING IN ENDOSCOPY
Automated detection of anomalies in the GI tract
have been proposed for diseases such as Barrett’s
esophagus, gastric cancer, angiectasia, celiac disease,
and polyp detection and characterization, and a number
of methods and algorithms have been tested in recent
[12-18]
years
. The methods and algorithms range from
simpler traditional machine learning methods to more
[19,20]
recently developed deep learning approaches
.
An example of a simple system is a search-based
[21]
system using various global features in the images . It
extracts (complex) image features like color histograms
and textures and feeds these features into a classifier
for determining whether an object is present or not. For
example, such a system might determine the presence
of an object by calculating the distance of the feature
vector from the vectors in the model. An important
advantage of systems based on simple methods is that
they can be easier to understand and their results can
[22-24]
be easier to explain to medical personnel
.
The current state-of-the-art and the most commonly
used methods are based on deep neural networks. These
networks work as an interconnected group of nodes, akin
[25]
to the vast network of neurons in the human brain .
Such networks typically consist of an input and an output
layer, as well as multiple hidden convolutional, pooling,
fully connected, and normalization layers. Typically,
each input image will pass through the layers in order to
classify an object with probabilistic values between 0 and
1. There exist several variations of deep neural networks.
For image and video analysis, convolutional neural
networks (CNNs) are the most common. CNNs can be
used to perform either segmentation (the exact marking
[26]
of a finding in the image ) or classification (a more
global point of view on the image, such as a general
[22,27,28]
statement like “this image contains a polyp”
).
Another promising method for image analysis is gene
rative adversarial networks (GANs). GANs consist of
two neural networks competing with each other in a
zero-sum game framework during the training phase.
The generator network generates new data instances
using an inverse convolutional network by upsampling
random noise to an image. The other network, the
discriminator, takes the generated image and the training
set and checks for authenticity. This means that the
discriminator decides whether the data belong to or are

de Lange T, Halvorsen P, Riegler M. Methodology to develop
machine learning algorithms to improve performance in
gastrointestinal endoscopy. World J Gastroenterol 2018;
24(45): 5057-5062 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5057.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5057

INTRODUCTION
Gastrointestinal (GI) endoscopy is a cornerstone for
diagnosis and treatment of diseases in the GI tract.
About 2.8 million luminal GI cancers (esophageal,
stomach, colorectal) are detected globally every
year, and many of these might be prevented through
improved endoscopic performance and systematic high[1]
quality screening in high incidence areas . These cancers
represent a substantial health challenge for society with
[2]
a mortality rate of about 65% , and colorectal cancer is
the third most common cause of cancer mortality among
[3]
both women and men . Despite substantial technical
improvements in endoscopes over the last 10-15 years,
a major limitation of endoscopic examinations is operator
variation. This variation depends on operator skill,
perceptual factors, personality characteristics, knowledge,
[4]
and attitude . This translates into a substantial interobserver variation in the detection and assessment of
[5,6]
mucosal lesions , leading to an average polyp miss[7]
rate of 20% in the colon . All of these factors can to
some extent be alleviated by substantial educational
[8]
efforts, but they cannot be eliminated entirely . Thus,
developing an automated computer-based support
system for the detection and characterization of mucosal
lesions would be an important contribution to eliminating
the current variation in endoscopists’ performance.
Artificial intelligence (AI) is the area of computer
science that aims to create intelligent machines that
mimic human behavior, and assisted diagnosis using AI
has been a holy grail in the field of medicine for many
years. Such machines have long been the realm of
fiction, but recent developments in computer hardware
have enabled the narrower field of machine learning to
develop potentially highly accurate computer assisted
diagnosis (CAD) systems. At its most basic, machine
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[36,37]

classified in the actual training dataset or not. GANs can
also be defined as conditional GANs that have an image
as input instead of random noise and that transform this
image into another image. This can be used to create,
for example, segmentation masks. An example of a
[22,29]
GAN-based method is described by Pogorelov et al
.
The approach presented in their papers uses conditional
GANs with a normal image from the colon as input, and
the algorithm segments the finding in the image. This
noise segmentation is then cleaned in a post-processing
step that leads to a clear segmentation. Many of these
approaches have yielded promising results regarding
detection accuracy, with some achieving numbers
above 90%, but many run too slowly to be used in a
clinically useful system providing real-time feedback.
Some comparisons of different approaches are given by
[22,26]
[30]
Pogorelov et al
and Riegler et al .

image problems
. Note that there is no “one size
fits all” answer. The amount of required training data is
dependent on many different aspects of the experiment,
but a general rule of thumb is to have around 1000
images per class for deep learning applications. In the
[38]
Kvasir dataset , at least 1000 images per class are
provided for different findings.
One general problem is that several of the existing
datasets are cumbersome to use in terms of permission,
[38-44]
for example, several of the listed sets in Table 1
are
restricted. To enable subsequent comparisons, it is best
is to use an open dataset.
The most important take-away message is that
clean and complete data are one of the most important
parts of a good detection system. This means that
spending the time to create a high-quality database is
very important and is directly connected to the quality
of the following steps.

IMAGE DATABASE QUALITY

SYSTEM ASSESSMENT

A sufficient amount of data is vital in machine learning,
and the creation of algorithms usually relies on large
databases. This is especially true for deep learning,
[31]
which is currently the standard for image analysis .
However, the quality of the database is also essential,
and it is crucial that all the images and videos are
annotated correctly. The computer learns from analyzing
the given data, and thus erroneous learning will lead
to incorrect diagnoses. Therefore, when collecting data
and making a dataset the recommendations below
should be followed
There are variations between observers, and to
reduce this bias the ground truth assessment should
[32]
involve at least three observers . However, the
required agreement between the observers and the
degree of confidence is not known and requires further
studies. The goal regarding the diagnostic thresholds
for such a technique is to reach more than 90%
positive predictive value for correct classification of the
[33]
lesions .
A potential problem in machine learning is over
fitting. Many of the datasets show obvious examples
of medical findings, and the similarity of the different
images often results in overfitting. Thus, overfitting
occurs when the learning algorithm learns the data too
well and therefore also captures the noise of the data,
e.g., when the model or the algorithm fits the data too
well, or if the model or algorithm shows low bias but
high variance. Therefore, too many similar samples
should be avoided in order to avoid such “overtraining”.
A diverse dataset is therefore recommended to better
enable correct disease detection in new data.
Many datasets are limited in size, and many assess
their systems using too few samples. Many argue
[34]
that the dataset should be as large as possible , but
others show that machine learning can also work on
[30,35]
smaller datasets using transfer learning
, which has
recently found frequent use in the context of medical
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Comparing published research is challenging, and an
increasing number of research communities are targeting
this problem by creating public available datasets and
encouraging reproducible experiments. In order to enable
full comparisons, not only the same datasets should
be used, but the datasets should also be split between
training and test sets in an equal way. Furthermore,
the more information the better, and one should use as
many of the common metrics as possible as described
[38]
by Pogorelov et al . For detection accuracy, the raw
numbers for true positives, true negatives, false positives,
and false negatives are important, and metrics based
on these like sensitivity (recall), precision, specificity,
accuracy, Matthews correlation coefficient, and F1 score
should be calculated. Finally, a metric for processing
speed in terms of time per image or frame should be
included, and although this depends on the hardware
that is used, it gives an indication as to whether the
system can run in real time.
We must also emphasize that there is a difference
in how anomaly detection is defined. In the area of
computer science, detection per frame or image is
the standard, but in the medical domain, reporting a
detection per instance (at least once in a sequence of
frames of the same finding) is common. If possible, one
should include both definitions.

CONCLUSION
Researchers have sought for many years to develop
efficient AI tools to assist in medical diagnosis. Enabled by
recent hardware developments, several research groups
are now working on machine learning-based medical
systems and have obtained promising results. Thus, we
have observed a rapid increase in publications related
to AI in GI endoscopy over the last two years. However,
as described above, there are still large variations in the
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Table 1 Some existing image datasets for gastrointestinal endoscopy
Dataset
CVC-356[39]
CVC-612[40]
CVC-12k[41]
Kvasir[38]

Nerthus[41]
GIANA’17[42]
ASU-Mayo polyp database[43]
CVC-ClinicDB
ETIS-Larib Polyp DB
KID[44]

Findings
Polyps
Polyps
Polyps
Polyps, esophagitis, ulcerative colitis,
Z-line, pylorus, cecum, dyed polyp,
dyed resection margins, stool
Stool - categorization of bowel
cleanliness
Angiectasia
Polyps
Polyps
Polyps
Angiectasia, bleeding, inflammations,
polyps

tested datasets, and insufficient metrics are being used.
In order to enable full comparisons between methods,
the same datasets should be utilized, and as many of the
[38]
common metrics as possible should be used . Another
limitation is that the lesion characterization systems
rely on advanced endoscopic functionality like narrowband imaging, endocytoscopy, or volumetric laser
endomicroscopy, to which most endoscopy units do not
[45]
have access, especially in low-income countries . Still, it
is not proven that these techniques improve endoscopy
performance, and validation in live endoscopies is still
required. Therefore, there is still a long road ahead
before such systems can be put into practice, and much
research, development, and clinical testing still needs to
be performed. To produce the best possible and the most
comparable results, the recommendations given here
should be followed.
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Alcoholic liver disease (ALD) is a major cause of acute
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and chronic liver injury. Extensive evidence has been
accumulated on the pathological process of ALD during
the past decades. However, effective treatment options
for ALD are very limited due to the lack of suitable in
vivo models that recapitulate the full spectrum of ALD.
Experimental animal models of ALD, particularly rodents,
have been used extensively to mimic human ALD. An
ideal animal model should recapitulate all aspects of
the ALD process, including significant steatosis, hepatic
neutrophil infiltration, and liver injury. A better strategy
against ALD depends on clear diagnostic biomarkers,
accurate predictor(s) of its progression and new thera
peutic approaches to modulate stop or even reverse the
disease. Numerous models employing rodent animals
have been established in the last decades to investigate
the effects of acute and chronic alcohol exposure on the
initiation and progression of ALD. Although significant
progress has been made in gaining better knowledge on
the mechanisms and pathology of ALD, many features
of ALD are unknown, and require further investigation,
ideally with improved animal models that more effectively
mimic human ALD. Although differences in the degree
and stages of alcoholic liver injury inevitably exist
between animal models and human ALD, the acquisition
and translational relevance will be greatly enhanced with
the development of new and improved animal models of
ALD.

significant socioeconomic burden in most societies. The
term alcoholic liver disease (ALD) comprises a range
of disorders including simple steatosis, steatohepatitis,
cirrhosis, and end-stage hepatocellular carcinoma (HCC).
Animal models are frequently used to emulate and
understand the underlying mechanisms of human
disease. However, over the last decades, a great variety
of animal models for ALD have been developed with
different outcomes. To find the “ideal” experimental
model for ALD would greatly help the study of the
pathogenesis and thus development of new therapeutic
strategies for the treatment of ALD. However, most
models do not recapitulate the full spectrum of human
ALD. A clinically-relevant model should induce certain
characteristics, including: severe steatosis, hepatocellular
damage and hepatic infiltration.
This review provides an overview of the pros and
cons of the most frequently used experimental models
of ALD, and the advances and implementation of new
animal models that show great potential. We also
discuss the recapitulation of pathological events in such
models that commonly occur in human ALD.

PATHOPHYSIOLOGY OF ALD
Alcohol abuse has a long history although it was
th
not until the 20 century when it was studied with a
scientific perspective. In 1965, pioneering work by
[1]
Lieber and colleagues identified the hepatotoxic
function of alcohol, instead of the malnutrition effect,
previously assumed. ALD is now recognized as a
complex disease induced by alcohol abuse with a broad
spectrum of liver diseases. These range from simple
steatosis to more severe forms of injury, including
[2,3]
steatohepatitis, cirrhosis and HCC .
Following absorption in the gastrointestinal tract (GI),
only 2% to 10% of total ingested ethanol is directly
eliminated through the lung, the kidney and sweat
[4]
in an unchanged form . Most ethanol will undergo
metabolic processing in the liver (Figure 1). First, ethanol
(C2H6O) is oxidized and transformed into acetaldehyde
(C2H4O) in hepatocytes. This step is mainly achieved by
the enzyme alcohol dehydrogenase (ADH); although
alternative minor pathways are involved including the
catalase enzyme pathway (which has low expression
in the liver), and the microsomal ethanol oxidation
system (MEOS) - which depends on cytochrome P450
(CYP450) enzymes, particularly cytochromes P450 2E1
[4]
(CYP2E1) . Successive oxidation reactions take place:
Acetaldehyde loses hydrogen, and is metabolized to
acetate (C2H3O), under the catalysis of acetaldehyde
dehydrogenase (ALDH). Major reactions in this process
require the coenzyme nicotinamide adenine dinucleotide
+
(NAD ) for transferring hydrogen, and the amount of
reducing equivalents (NADH) is increased as a result. It
+
has been reported that the change in NAD /NADH ratio
favours hepatic triglyceride accumulation and fatty acid
[4]
synthesis .

Key words: Steatohepatitis; Cirrhosis; Hepatocellular
carcinoma; Alcoholic liver disease; Reactive oxygen
species
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Group Inc. All rights reserved.

Core tip: Alcoholism is now considered a global health
issue. Although significant progress has been made in
our understanding of the mechanisms and pathology
of alcoholic liver disease (ALD), many features of ALD
remain unidentified - requiring further investigation with
improved animal models that more effectively emulate
human ALD. In this Review, we provide an update on
the prevalence, current and emerging experimental
models, as well as the pathophysiology of ALD.
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INTRODUCTION
Alcohol has been part of human culture for thousands of
years. Excessive alcohol consumption is the oldest form
of liver injury known to civilization. Currently, alcohol
abuse is an important global health problem with a
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acetaldehyde-induced liver injury via mechanisms that
promote glutathione depletion, ROS toxicity and lipid
[7-9]
peroxidation
(Figure 1).
Thus, ethanol metabolism can lead to direct bio
chemical changes in hepatocytes, including cytotoxic
metabolites, accumulation of ROS and lipid peroxidation.
Importantly, all of these effects can further trigger
complex pathological responses that eventually cause
damage in the liver. Patterns involved in alcohol-induced
liver injury include inflammation, different types of
cell death (mainly apoptosis and necrosis), steatosis,
fibrogenesis, and even liver regeneration (Figure 2).
Statistically, only about the 35% of ALD patients go
on to develop ALD with liver fibrosis. Alcohol-induced
damage in liver significantly increases the production
of cytokines, chemokines, other soluble mediators and
[10,11]
components of the innate immune system
. This
pro-inflammatory environment causes the activation
of hepatic stellate cells (HSCs) and myofibroblasts,
increasing the production of extracellular matrix (ECM)
proteins, which can subsequently induce fibrogenesis
[12]
in the liver . HSC is the main source of ECM proteins
but also a critical target in alcoholic liver fibrosis.
Acetaldehyde and adducts such as malondialdehyde
(MDA) or 4-hydroxynonenal (4-HNE) directly affect HSC
activation and collagen-I genes via different signalling
[13]
cascades . Another crucial mechanism of alcoholpromoting liver fibrosis is associated with endotoxin and
immune responses. Studies have shown correlation
between alcohol administration, endotoxin in blood and
[14]
KCs . In the intestine, alcohol impairs tight junctions
(TJs) - increasing gut permeability between epithelial
cells, thus allowing the gut-derived bacterial endotoxin,
lipopolysaccharide (LPS), to enter the liver via the portal
[15]
vein . It is common to see increased levels of serum
LPS in ALD patients. KCs, the principal immune cells in
the liver, are involved in this process. Several studies
have shown that increased LPS levels induced by alcohol
stimulate KCs to generate ROS and cytokines. These
inflammatory mediators subsequently activate HSCs via
a Toll-like receptor 4 (TLR4) signalling pathway, which
eventually results in enhanced, chronic production of
[16,17]
ECM proteins - and promotion of fibrogenesis
.
Additionally, HSCs are also enriched with TLR4 that
[18]
directly bind, and thus activate through LPS signalling .
To summarize, alcohol-stimulated liver fibrosis is a result
of a robust immune response involving many types of
liver cells and different signal transduction pathways.
Fibrosis can develop into alcoholic cirrhosis, which is an
advanced stage of liver fibrosis (occurring in 8%-20%
of heavy drinkers) - this event is a significant risk factor
for HCC. Such pathophysiological transitions will certainly
reveal unique mechanisms, requiring more detailed
[19,20]
studies and more realistic models
.

Ethanol
(C2H6O)
NAD

+

NAD

CYP2E1

ROS
NADH

+

ADH
MEOS

NADH

Acetaldehyde
(C2H4O)
NAD

+

ALDH
NADH

Acetate
(C2H3O)

Figure 1 Alcohol metabolism in hepatocytes. Ethanol is oxidized to
acetaldehyde through action of the enzyme alcohol dehydrogenase and
cytochrome P450 isoenzyme 2E1 a major component of the microsomal
enzyme oxidation system. Acetaldehyde is subsequently metabolized to acetate
by acetaldehyde dehydrogenase. In this process coenzyme nicotinamide
adenine dinucleotide is reduced to coenzyme nicotinamide adenine dinucleotide
reduced. The metabolism of ethanol increases generation of reactive oxygen
species, including hydroxyethyl, superoxide anion and hydroxyl radicals, which
contribute to oxidative stress and also can react with other cellular molecules,
forming adducts (proteins, lipids or DNA). ADH: Alcohol dehydrogenase;
CYP2E1: Cytochrome P450 isoenzyme 2E1; MEOS: Microsomal enzyme
oxidation system; ALDH: Acetaldehyde dehydrogenase; NAD+: Nicotinamide
adenine dinucleotide; NADH: Nicotinamide adenine dinucleotide reduced; ROS:
Reactive oxygen species.
Alcohol

CYP2E1
ROS

Lipogenesis

Fatty acid oxidation

Fat droplets
Hepatic steatosis

Figure 2 Alcohol induces fatty liver disease. Alcohol causes the
accumulation of fat droplets in hepatocytes increasing the lipogenesis and
decreasing the fatty acid oxidation. CYP2E1: Cytochrome P450 isoenzyme
2E1; ROS: Reactive oxygen species.

Another feature of alcohol metabolism is the ge
neration of reactive oxygen species (ROS), which are
largely regulated (and which can be exacerbated) by
[5]
the CYP2E1 family . These active radicals are usually
produced by the mitochondria, endoplasmic reticulum
(ER) or Kupffer cells (KCs). They rapidly form a variety
of active metabolites which can further contribute
[6]
to oxidative stress in hepatocytes . Last but not
least, acetaldehyde, the major metabolite of ethanol,
is a powerful hepatotoxin. Multiple studies indicate
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HISTORY OF EXPERIMENTAL MODELS
The use of animals as models for scientific study is
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a very old practice of human civilization. Acquiring
knowledge and experience from his predecessors, Galen
nd
of Pergamum (2 century BC), a Roman physician,
greatly improved techniques for dissection and vivi
section of animals, and further used them to study
[21]
cardiovascular and neural anatomy extensively .
However, landmark findings in anatomy and physi
ology in ancient times were largely based on observation,
inference and extrapolation of animal physiology to
humans.
A Flemish anatomist, Vesalius (1514-1564), a
physician and surgeon, was also a pioneer in animal
modelling. He compared the similarity and differences
between human body and other animal species,
overturning the work of Galen - dogma which held for
nearly 2000 years. He also recognized the value of
animal experiment in teaching and performed vivisection
of animals for medical students at his courses. Among
the list of new, animal experimentalists, were scholars
such as William Harvey (1578-1657). Using results from
elegant and sophisticated experiments on live animals,
Harvey published his revolutionary work De Motu
Cordis in 1628, in which he described the anatomic and
functional properties of the heart and vascular system
[22,23]
from many species with remarkable accuracy
.
th
The 20 century has witnessed unprecedented
advances in biological and medical science. Innovations
such as the invention of antibiotics, new diagnostic
methods and surgical techniques, chemo- and radiotherapy for cancer, and improved vaccination. Saving
millions of lives and significantly increased the average
life expectancy. In the past few decades, the use of
animal modelling increased dramatically - further
supporting the development of medical science.
Currently, animal species (model organisms) frequently
used in laboratories include: rodents (mouse and
rat), zebrafish, swine, rhesus, guinea pig, rabbit, cat,
and dog. However it is mammalian rodent models
that are the most frequently used - several important
advantages: (1) Rodents are highly-resistant to
successive in-breeding, with less genetic variability
between individual animals (and generations); (2) Their
short lifespan and a fast rate of reproduction allows
more rapid accumulation of data; (3) Rodents are
small in size and easy to handle for most experimental
procedures; and (4) Costs are low per animal in terms
of initial purchase cost, housing and maintenance.
Altogether, rodents provide a model system for study of
alcohol effects on mammalian physiology, are amenable
to a tremendous array of experimental questions, and
are highly-efficient in both time and budget.
Transgenics has become an important tool for
generating animal models of human disease. Transgenics
involves the addition of foreign genetic information
(nucleic acids) to animals, often for specific inhibition
of endogenous gene expression. However, despite the
generation of several transgenic and knockout models,
the development of relevant models has theoretical
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and technical challenges. Indeed, many ALD-associated
genes of interest have not been fully identified and gene
addition or inactivation can yield inconclusive results.
Some models relevant to ALD are transgenic mice for
phox
human CYP2E1 and p47
NADPH oxidase-deficient
[24]
mice .

CURRENT EXPERIMENTAL MODELS OF
ALD
Early attempts of studying ALD with animal models
began in the 1950s - using primarily rodents (mice,
rats, hamsters, guinea pigs), and primates. An early
study using six animal species in parallel was designed
[25]
to detect their voluntary consumption of alcohol . The
data interestingly suggested that golden hamster had
a clear preference for alcohol solution (about 88% of
their total liquid intake amount), while all other species
significantly prefer water over alcohol (with rabbits
as the only exception that consumed both drinks at
comparable levels). In another study, baboons receiving
alcohol-containing diet for 3-4 years, all developed
severe hepatic injury (liver fibrosis or cirrhosis), which
closely resembled all the pathological stages of human
ALD. Thus primates are considered an ideal animal
[26]
model of studying ALD . However, ethical issues, and
the now very tight regulatory controls on the use of
primates, as well as high cost and time, prevent the use
of primates for the study of ALD in most laboratories.
Thus, although rodents (mainly mice and rats), are still
the preferred animal species to mimic ALD in human,
such models fail to display the complete disease
[27,28]
spectrum of human ALD
.
Various hypotheses have been proposed to explain
the disparity in liver injury between human and rodents
after ethanol exposure. Notably, most rodents have a
natural aversion to alcohol and tend to consume ethanol
only for calories rather than for craving. In addition,
the catabolic rate in rodents is 5 times faster than in
[29]
humans . These characteristics lead to less damage
in rodents, after alcohol exposure, than humans. In
addition to effects of alcohol metabolism, difference in
the innate immune systems must be carefully considered
as immune responses and the pattern of inflammation all
play a critical role in the pathology of ALD. For example,
the balance between neutrophils and lymphocytes in the
blood differs greatly in mice and humans: neutrophils
account for 50%-70% of total leukocytes in human blood
(10%-25% in mice); whereas lymphocytes comprise
75%-90% of leukocytes in mouse blood, compared with
[30]
30%-50% in humans . The physio-/pathophysiological
consequences of these differences remain largely
unknown. Studies have however demonstrated that mice
exhibit greater resistance against endotoxin-induced
inflammation, thus experiments usually require a higher
ethanol challenge to create the extent of damage
[31]
comparable with humans .
The response to alcohol and the development of
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ALD in humans varies considerably between individuals,
and ethnic groups. Besides familiar risk factors such
as age, diet, and smoking - genetic differences among
individuals or ethnic groups are also of great significance.
A genotyping study in Asian populations, showed that
approximately 50% of Chinese and Taiwanese have low
ALDH activity compared with Western nations, due to
[32]
different genetic polymorphisms in the ALDH2*2 allele .
Similarly, diverse outcomes after receiving alcohol
application are also seen in different rodent strains. In
one case study, mice from 14 commercially acquired
inbred strains received ethanol diet (up to 27 mg/kg
body weight per day) with an intragastric enteral feeding
model for 28 d; all strains exhibited comparable caloric
intake and blood alcohol concentration (BAC) levels after
[33]
the feeding . Interestingly, mice from strains NZW/
LacJ, C57BL/10J, FVB/NJ, BALB/cByJ showed severe
liver injury compared with mice from WSB/EiJ, PWD/
PHJ, C3H/HeJ, AKR/J strains. These results indicated
that the marked difference in sensitivity to alcoholic liver
injury, was strongly dependent on the mouse strain.
Thus, careful consideration of the strain/ desired traits
and experimental outcomes should be undertaken when
considering an experimental model of ALD. In another
study, rats from three different strains (Long Evans,
Sprague Dawley, Fisher 344) were fed with an isocaloric
liquid diet containing ethanol (equivalent to 37% of the
[34]
total caloric intake) for 8 wk . All three strains exhibited
equally increased BAC, but significantly varied in body
weight, alanine aminotransferase (ALT), triglycerides and
cholesterol levels. Notable differences were also found in
proinflammatory parameters including TNF-α, IL-6 and
interleukin-1beta (IL-1β), indicating different degrees
of hepatic inflammation after alcohol administration
among the three strains. Moreover, dramatic variations
were detected between the three strains in some critical
enzymes of ethanol metabolism including ADH1, ADH2,
AHD3, Catalase, and CYP2E1, suggesting the inequality
of alcoholic liver damage may be partly due to different
rates of ethanol metabolism between all strains.
Numerous models employing rodent animals have
been established to investigate the effects of acute and
chronic alcohol exposure on the initiation and progression
of ALD (Table 1). To achieve the desired animal model of
alcohol disorder, consideration should be given to such
factors as amount, route and duration of ethanol given
to the animal, and, as mentioned above, the particular
animal strain. The amount and duration of ethanol
applied to the animal should be sufficient to maintain
both a consistently high level of BAC, and long enough to
create an acute or chronic injury. In addition, the route
of alcohol delivery also plays a critical role in determining
the effect of a model. Studies of alcohol administration
using vapour inhalation, intravenous, or intraperitoneal
injection have been widely reported. These approaches
can overcome the unwillingness to imbibe alcoholic
beverage in most rodents, and accurately control the
amount of ethanol absorbed. However, despite the
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high level of BAC in rats and mice, these models fail to
mimic the natural alcohol “drinking” i.e., via the oral
route, ingestion and subsequent metabolic processes in
humans. As a result, such models are more frequently
employed in the field of addiction and behavioural
studies, rather than in studies related to alcoholic-induced
[35-37]
liver damage
.
Focusing on the effects of alcohol on the GI and
liver, rodent models of oral alcohol ingestion have been
developed and extensively utilized. By engaging the
rodents in “voluntary drinking”, these approaches largely
replicate the overall process of human drinking habits
as well as the general effects of alcohol on liver and
intestine. Patterns of alcohol exposure in humans include
both short-/ and long-term drinking. Whilst acute liver
injury occurs even after 4-5 acute or binge episodes,
within a period of several hours, chronic damage
accumulates over many years of continuous ethanol
consumption. In rodents, gastric intubation is commonly
used to administer ethanol dosages of 4-6 g/kg body
weight to induce acute hepatic injury. One study using
this approach, followed by LPS injection, demonstrated
that acute ethanol administration exacerbated hepatic
[38]
damage caused by endotoxin . Compared with acute
animal models using only one or a few gavages, chronic
models of alcohol feeding typically last 4-12 wk, usually
with a specially designed diet. As acute and chronic
alcoholic injury in the liver share remarkable overlap in
their pathology, an increasing number of studies combine
both models (chronic plus binge model), to better
emulate current drinking patterns in humans.

Lieber-DeCarli liquid diet

One of the earliest and most successful diets designed
specifically for studying the effect of alcohol consumption
in vivo is the Lieber-DeCarli liquid diet. It was first
[39]
introduced by Lieber et al in 1963 in response to the
need for a more accurate in vivo research model for ALD.
In a previous study, rats received a 15% (v/v) solution of
ethanol instead of drinking water for 177 d. Afterwards,
no obvious liver injury (including steatosis and fibrosis)
were found in the ethanol-only feeding groups but mainly
[40]
in groups fed also with a diet of nutritional deficiency .
The investigators suggested that the damage to liver
after alcohol consumption was a consequence of
malnutrition. Thus, it was widely accepted that alcohol
alone has no hepatotoxic risk.
[1,41-43]
In 1960s, in a series of studies, Lieber et al
designed a diet containing ethanol and other nutritional
components. They demonstrated that when rats
received adequate diet, the absorption of alcohol was
insufficient to cause significant liver damage, due to
their natural aversion to ethanol. This aversion can be
overcome when rats had access only to an ethanolcontaining liquid diet formula but with no other food or
drink. In this case, the daily intake of ethanol in rats
can reach 12-18 g/kg, which was two to three times
more than that achieved from drinking the ethanol-only
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Table 1 Comparison of experimental models of alcoholic liver disease
Models
Lieber-DeCarli liquid diet[27,28]

Animal model

Characteristics

Rat/mice

Chronic ethanol feeding (4-12 wk)

Rat/mice

Rat/mice

Ethanol ad libitum feeding[27,28]

The Tsukamoto-French model[27,28]

The NIAA model[47]

Mice

Rat/mice

Mice

Rat /mice

Ethanol + CCl4 treatment[106]

Mice

Advantages and disadvantages

Easy to perform
Marked elevation of ALT
Short term feeding with no mortality rate
No liver fibrosis
Chronic ethanol feeding + single/multiple
Easy to perform
Marked elevation of ALT and marked
binges (4-6 wk)
steatosis
Long term feeding + multiple binges with a
high mortality rate
No liver fibrosis
+ Second hit: DEN, LPS, CCl4, APAP (4-12
Easy to perform
Marked elevation of ALT and marked
wk)
steatosis
Long term feeding + multiple binges +
injection with a high mortality rate
Liver fibrosis
Oral alcohol in drinking water (10 d/1-2 wk)
Easy to perform
Minimal elevation of ALT and mild steatosis
Short-or long-term feeding with no mortality
rate
No liver fibrosis
Intragastric infusion (2-3 mo)
Difficult to perform
Requirement for intensive medical care
Marked elevation of ALT and steatosis
Long-term feeding with a high mortality rate
Mild liver fibrosis
LDE + single ethanol binge
Cost and time efficient
High blood alcohol levels
Liver injury
Inflammation
Fatty liver
LDE + 3 ethanol binges
Cost and time efficient
Increased blood alcohol levels
Augmented liver injury
Increases in ERK1/2
4% ethanol liquid diet + 2 times IP CCl4
Easy to perform
Toxic components
injection per week (8 wk)
Elevated acetaldehyde levels
Liver fibrosis

Lieber-DeCarli liquid diet with different variants, ethanol ad libitum feeding and the Tsukamoto-French and the NIAA model. ALT: Alcoholic liver
disease; DEN: Diethylnitrosamine; LPS: Lipopolysaccharide; CCl4: Carbon tetrachloride; APAP: Acetaminophen; LDE: Lieber-De Carli ethanol diet; IP:
Intraperitoneal.

solution. Notably, higher BACs were also observed (100
[39,44,45]
to 150 mg/dL)
. Using this approach, in seminal
[46]
work, Lieber et al observed significant steatosis in the
liver and concluded that alcohol alone is a pathological
factor that can induce liver disease. In the next decade,
they further detected that this process was influenced
by other factors such as gender, dietary fat, the
essential nutrients methionine and choline, and vitamin
A. These findings opened a new era for ALD research.
The liquid diet formula in these studies later became
known as the Lieber-DeCarli ethanol (LDE) and LieberDeCarli control (LDC) diets, and are now a standard
[47]
experimental model for the study of ALD .
The Lieber-DeCarli diet is an isocalorically-controlled
liquid diet in that the total caloric content (0.6-1.0
cal/mL) in the diet remains unchanged, while specific
components vary to serve different groups and experi
mental objectives. The LDC diet, often used for pair-fed
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control groups, is formulated from several key parts of
nutrition: Casein (consisting of methionine and cystine),
contributes 18% of total calories; fat, derived from olive
and corn oils, makes up 35% of total calories; fat-soluble
vitamins (A, D, E, K) and water-soluble vitamin B12,
minerals and fiber; the remaining formula (dextrin and
maltose mixture) provided the majority of energy (47%
[42,44,45]
of the total calories)
. In the ethanol-containing
formula (LDE diet), an amount equal to 36% of total
calories of the dextrin and maltose mixture is removed
[42,44,45]
and replaced by isocalorically measured alcohol
.
Of note, when applying the LDE diet, the amount of
ethanol in the diet should be increased gradually during
a primer period of approximate five days, in which the
concentration of ethanol increases from zero to the
final concentration (in most studies 50 g/L). This short
priming period allows the animal to adapt to the ethanolcontained diet gradually, thus ensuring the effect of

5068

December 7, 2018|Volume 24|Issue 45|

Lamas-Paz A et al . Modeling ALD
subsequent formal feeding.
The feeding period using the LDE model usually varies
[48-58]
from 4 wk to 12 wk in mouse and 1-9 mo in rat
. In
most studies, there was a marked elevation of serum
ALT and aspartate aminotransferase (AST), with a 6-fold
[46]
average increase in hepatic triglycerides . Moreover,
varying degrees of hepatic steatosis was widely observed
in the experimental group. However, no other major
hepatic pathological changes, particularly severe forms
such as fibrosis, have been reported with the LDE diet
feeding model, including long feeding periods of up
[58]
to nine months in rat . A possible explanation for
this limitation is that the LDE diet can only maintain
a relatively low BAC in animals, compared with other
feeding models such as patients with advanced stage
[27]
ALD .
Many attempts have since been made to elevate the
effect of LDE diet - to induce more sever forms of liver
injury, in order to overcome its limitations. The general
aim would be better mimicking the pathogenesis of
ALD in human, in particular its advanced forms. It is not
rare for physicians to observe that advanced alcoholic
hepatitis (AH) occurs in patients who have a long
history of chronic drinking, but also have one or several
[59,60]
more recent heavy binge drinking experiences
. In
this context, the chronic-binge ethanol feeding rodents
model, which combines a chronic feeding period using
LDC diet and one or multiple binges has been introduced
[28]
and widely accepted . To perform this model, the LDE
diet (5% v/v) is given for four weeks to create chronic
liver injury as described above. In addition, single or
multiple binges are applied by intragastric gavage twice
a week during the chronic feeding phase. For gavage,
absolute ethanol is diluted to 32% (v/v) in tap water
and the recommended dosage of alcohol is calculated at
[61]
5 g/kg body weight . It has been reported that in this
model, the BAC in rodents can reach 200 to 500 mg/dL,
with remarkable elevation of transaminases in serum
[60,62]
and significant steatosis in liver
.
Besides binge drinking, other hepatotoxins can
subsequently be added during the chronic feeding phase
of the LDE diet to provide a “second hit” and increase
liver damage, such as: diethylnitrosamine (DEN),
LPS, carbon tetrachloride (CCl4), or acetaminophen
[63-66]
(APAP)
. These studies have expanded the use of the
LDC diet and provided useful insight into the effects of
ethanol on the initiation and progression of severe liver
injuries such as cirrhosis or HCC.

humans; i.e., intermittent alcohol use with ordinary
food intake. Partly due to its great flexibility, protocols
used in different studies have varied considerably. The
concentration of ethanol solution varied from 10%-40%
(v/v), and the period of alcohol administration used in
different groups can range from 8 wk, and up to 70
[67-70]
wk, without significant mortality
. In most studies,
the ad libitum feeding model is sufficient to induce liver
damage with clear steatosis and elevation of ALT and
AST, but without more advanced lesions of fibrosis or
[68,70,71]
cirrhosis
.
Despite its convenience, ad libitum feeding method
has limitations compared to other ALD animal models.
Noticeably, rodents show strong natural aversion
to alcohol, as they tend to drink less ethanol than
[25]
expected ; whilst the rate of alcohol metabolism in
rodents is much faster than in humans. These factors
prevent the rats or mice from achieving high BAC
consistently after chronic ethanol ad libitum feeding.
The relatively low levels of BAC may be one of the main
[40]
reasons for some misconceptions of early ALD studies .
Mice receiving ethanol ad libitum of 20% (v/v) alcohol
solution for eight weeks reached BACs between 50-70
[67]
mg/dL . Whereas only moderate increase in serum
ethanol (to 90 mg/dL) was reported in an early study,
where rats were given 40% ethanol solution daily, up to
[68]
29 wk . High BAC (up to 150 mg/dL) was also reported
indicating wide variations of BAC after ethanol ad libitum
[72]
application . Unlike the LDC diet, which is a nutritionbalanced diet ensuring equal calories in the presence
or absence of alcohol content, it is very challenging to
evaluate the nutritional status when applying ad libitum
feeding.
Although the ethanol ad libitum feeding model is
useful as a “standalone” model of mild alcoholic liver
injury, an increasing number of studies combined it with
other stressors to stimulate inflammation, fibrosis or
HCC in liver. Noticeably, consistent long-term feeding
can be substituted by ad libitum feeding for long-term
periods of time due to its low mortality rate. In one study,
15 different mouse strains were tested with ethanol ad
[69]
libitum from 8 wk to 78 wk . More recently, secondary
factors have been introduced including other dietary
models such as the high-fat diet and high-fructose diet,
to evaluate whether such dietary factors potentiate
[70,73]
chronic alcohol-induced liver injury
. Other studies
combining ethanol ad libitum feeding model with wellknown hepatic stressors like DEN, diallyl disulphide
(DADS), phenobarbital, and CCl4 - typically induced
advanced liver injury, including inflammation, fibrosis and
[67,72,74,75]
HCC
. In summary, ethanol ad libitum feeding is
a simple and reproducible approach to introduce alcohol
in rodents, is amenable to the introduction of secondary
hits - and is thus widely used by many laboratories for
ALD study.

Ethanol ad libitum feeding

The ad libitum alcohol feeding model was one of the
[40]
earliest animal models used for ALD study in rodents .
Alcohol is administrated in tap water serving as the only
source of drinking water for animals, whilst animals
have free access to a standard rodent chow diet. The
ad libitum feeding model is simple to perform, and easy
to manipulate the precise concentration of ethanol in
the water. The “voluntary” consumption of alcohol with
the normal diet mimics the typical drinking pattern in

WJG|www.wjgnet.com

The Tsukamoto-French intragastric infusion model

Although oral alcohol administration including ad libitum
feeding and ethanol-containing LDC diet has proved a
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convenient and effective way to apply alcohol in rodents,
it has several limitations. Generally, the average BAC of
rodents received oral alcohol administration is usually
observed below 150 mg/dL, compared with human
levels. Moreover, liver steatosis is the major pathological
change in studies conducting oral ethanol application
(without a second stressor), where no fibrosis or cirrhosis
is found. To overcome these limitations, a new feeding
model of direct infusion through a surgically implanted
intragastric cannula was developed in 1984, also known
[76,77]
.
as Tsukamoto-French (TF) model
Compared with other feeding models of oral
administration, the TF infusion model has several distinct
advantages. By circumventing the natural aversion to
alcohol that generally exists in rodent animals, the TF
model removes the barrier on the amount of alcohol that
is consumed by the animals. An early study employed
liquid diet with alcohol (reaching as high as 49% of
total calories) with 30-d infusion. Rats developed severe
hepatic steatosis and focal necrosis with a high average
BAC (216 mg/dL), and highly elevated ALT and AST
[78]
levels . More importantly, the TF model also allows
easy manipulation of the food content in order to create
the desired model of liver damage. When progressively
increased ethanol intake (32%-47% of total calories),
combined with high fat diet (25% of total calories as
fat), fibrosis started to develop in rats within 30 d of
feeding, and was observed in all animals after 120 d of
[79]
feeding . Furthermore, this group also showed that
by adding carbonyl iron (0.25% w/v) into the high fat/
ethanol-containing diet - by the end of 16 wk most mice
developed fibrosis, to different extents, whilst 2 out of
[80]
the 20 mice developed liver cirrhosis .
Even after only 4 wk of intragastric infusion, the
average BAC in mouse experiment can reach as
high as 300-350 mg/dL, and peak BACs above 400
mg/dL can occur. This reflects a substantially greater
level of alcoholic intoxication, achieved by the TF
[81]
infusion model, over other alcohol feeding regimes .
Altogether, in rodents the TF model produces a
sequence of liver damage that closely resembles human
ALD, i.e., progressive steatosis, fibrosis, cirrhosis with
[82]
focal necrosis and immune cell infiltration .
There are however several potential drawbacks of
the TF model. First, the implantation of intragastric
tube requires high technical and surgical competences
in small animal handling and surgery. Extensive and
stringent post-operative care is also essential as early
contamination can increase mortality. In addition, the
post-operative maintenance work can be a challenge,
as the infusion cannula is usually kept in situ often
for 2-3 mo. The open access nature of the cannula
increases the possibility of infection and irritation that
may affect the results or result in death. Therefore,
animal health and welfare, physiological signs and
any pathological changes demand close monitoring.
These stringencies make the TF an expensive model
that cannot be performed by all laboratories. However,
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rats with implanted cannula (TF model) and daily food
infusion have been kept and maintained for as long
as 6 months, indicating once achieved successfully,
the intragastric infusion can be a reliable model for
[83]
investigating experimental dietary conditions in ALD .
As a feeding model initially designed for studying
ethanol intake in rodents, the TF model has actually
produced results with more severe alcoholic liver
injury than in other alcohol administration methods.
Additionally, the TF model has also been employed in
studies focusing on obesity-associated disorders such as
[84]
non-alcoholic fatty liver disease (NAFLD) . To sum up,
the TF rodent model is an effective and reliable approach
for ALD study as well as studies related to other
metabolic complications associated with diet.

The National Institute on Alcohol Abuse and Alcoholism
NIAA model
[28]

The group of Gao et al
developed a chronic-plusbinge alcohol feeding mouse model in 2013 (Table 1).
This model mimics acute-on-chronic alcoholic liver injury
in patients. The model consists of 5 d of adaptation
to the liquid diet. Subsequently, mice are fed a LDE
containing 5% (v/v) ethanol for 10 d. A single dose of
ethanol (5 g/kg body weight) is given at day 11 and 9
h later animals are euthanased. This model specifically
triggers high levels of alcohol in blood, liver injury, fatty
liver and inflammation.
The NIAA model has since then been modified: A
single binge (5 g/kg) or repeated intragastric infusions of
alcohol (5 g/kg, 32% v/v, 3 doses, 12-h intervals) were
added following chronic feeding with the LDE diet (5% v/v,
4-7 wk). The advantage of this modification is that the
[47]
binge increases the neutrophil infiltration in mice .

COMPARISON OF HUMAN AND MURINE
ALD
Although there are several mouse models of ALD,
differences exist between human and mouse in mild
and early forms of ALD.
In human ALD, serum liver function tests and
liver histology analyses reveal high concentrations of
the enzymes ALT and AST, steatosis, ballooning of
hepatocytes, neutrophil infiltration and Mallory-Denk
[28]
hyaline inclusions in the liver . Nevertheless, mouse
models of mild and early ALD do not reflect the observed
human pathology at each stage.
The model of ad libitum feeding with the LDC
ethanol diet in mice for 4 wk, results in only mild
steatosis and minor elevation of serum ALT, with low[85-89]
level inflammation
. Twelve weeks of stepwise
feeding with the LDC diet containing ethanol shows fatty
liver, but mild elevation of ALT in serum.
The TK model induces severe steatosis, mild liver
inflammation and mild fibrosis through continuous
intragastric feeding. This model is very useful for
the study of ALD pathogenesis (Figure 2), but, as
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mentioned, it is expensive, has technical limitations and
[77,78,90,91]
requires intensive medical care
.
Acute gavage of a single dose or multiple doses’
of ethanol induces only hepatic steatosis with a slight
[89,92-94]
elevation in serum ALT and AST enzymes
.
Administration of various concentrations of ethanol
in drinking water given as the only water source for
longer-term periods has been shown to cause immune
abnormalities and mild steatosis, but has little effect on
[69,71]
serum ALT/ AST levels and liver inflammation
.

to produce more reliable and robust data, that will
ultimately be easier to translate from bench to bedside.
[105]
For example, Cederbaum et al
employed humanized
CYP2E1 knock-in mice and discovered significantly
elevated liver damage in this group after 3 wk of ethanol
feeding, suggesting a major role of CYP2E1 in alcoholic
steatosis and oxidant stress. However, there is still a long
way before humanized rodent models can become a
single, standard model for ALD study. Major challenges
include the residual host innate immune system, as well
as impaired differentiation and maturation of the human
immune cell population due to, for example, differences
between human and mouse cytokines. However, these
drawbacks will not prevent humanized animal model
from being viewed as a promising strategy for the future.

STRATEGIES FOR THE FUTURE:
HUMANIZED RODENT MODELS
The development of animal models of ALD has led to
remarkable progress in the study of ALD over the last
6 decades. However, many of the models described
have intrinsic weaknesses and do not fully recapitulate
each stage and facet of human ALD. Following
ingestion, ethanol is processed through the classical
drug disposition routes: Absorption, Distribution,
Metabolism and Excretion (ADME). Multiple factors and
systems participate in this complex process and can
affect, directly and indirectly, the pathogenesis and final
outcome of ALD. Due to obvious species differences in
physiology and pathology between rodents and humans,
translation of results from rats or mice to humans is
problematic. However, next generation experimental
animals having certain features of human physiology are
being developed that can better resemble the effects of
disease in the human body.
The concept of “humanized rodent models” refers
to mice or rats engrafted with functional human cells
and tissues. Human cell and tissue types used in the
development of humanized rodents include: Immune
cells, hepatocytes, skin tissue, pancreatic islets, uterine
[95]
endometrium, and neural cells . Humanized liver in
experimental animals has become an attractive target
due to the high regenerative potential of the liver. Early
attempts using isolated hepatocytes in rodent models in
the 1970s. shifted gradually from ectopic transplantation
[96-100]
to in-liver engraftment
. However, one major difficulty
preventing these models from becoming effective
therapies, is that numbers of functional repopulated
[101]
hepatocytes after transplantation are still insufficient .
In the 1990s, breakthroughs came with the introduction
of several transgenic mouse lines. The first model was
[102]
developed by Sandgren et al
with exclusive expression
of a protease, urokinase plasminogen activator (uPA)
[103]
in hepatocytes. Overturf et al
developed a mouse
model which targeted disruption of fumarylacetoacetate
hydrolase (Fah) - regulated by 2-cyclohexane-1,3-dione
(NTBC). With their extraordinary capacity for repopulation
of hepatocytes, the engraftment efficiency of transplanted
hepatocytes in transgenic models was substantially
[104]
enhanced compared with normal mice .
Humanized animal models offer a novel approach,
with tremendous opportunity to explore ALD, and
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CONCLUSION
Alcoholism is now recognized as a major global health
issue. Health and socio-economic consequences of
alcohol consumption represent a heavy burden world
wide. Although significant progress has been made
in gaining better knowledge on the mechanisms and
pathology of ALD, many features of ALD are unknown,
and require further investigation, ideally with animal
models that more effectively mimic human ALD.
Nonetheless, the development of ALD models in
rodent has also undergone a significant evolution in
terms of representing different stages of human ALD.
The early ad libitum model revealed liver damage after
alcohol administration but have the major limitation
of natural aversion in rodent. By adding isocaloric
ethanol into the diet to keep nutritional balance, the
development of the LDC diet successfully overcame the
aversion issue and brought the study of ALD into a new
era. The TF model then allowed more control of ethanol
intake - effectively increasing liver damage following
large amount of alcohol infusion. However, current ALD
animal models fail to replicate the all-round spectrum
of ALD in patients, particularly ALD in advanced stages.
As mentioned, 20%-40% of heavy drinkers tend
to develop ALD with severe alcoholic hepatitis, liver
fibrosis and cirrhosis or even HCC - after 10 years of
excessive alcohol consumption. In contrast, the major
change in rodent after ethanol-only application with
all models is restricted to hepatic steatosis, even with
long-term feeding. Importantly, fibrosis or cirrhosis only
appears when secondary insults to the liver have been
employed.
In the future, an ideal model of ALD in rodent would
effectively mimic, step-wise, each stage of how alcohol
adversely affects the liver in humans. Key facets of such
a model would address processes such as: Ethanol
metabolism/ ADME, oxidative stress, ROS production
and immune system activation. These are crucial
events particularly in advanced fibrotic liver disease.
Presently, rodent models remain useful tools for us to
improve our knowledge of ALD. Although differences
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in the degree and stages of alcoholic liver injury exist
among rats, mice and humans’ - data acquisition and
translational relevance will be greatly enhanced with the
development of new and improved animal models of
ALD.
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Abstract
One-hundred years have passed since the original
description of the commonly described phenomenon of
persistent abdominal symptoms being triggered by an
acute enteric infection. This first account was generated
out of astute observations by Sir Arthur Hurst in World
War I. Additional descriptions followed from military and
non-military practitioners adding the evidence which has
transitioned this recognized condition from association
to causation. While mechanistic understanding is an
area of active pursuit, this historical accounting of a
centuries progress highlights important advances and
contributions of military medicine and scientists to
advances benefiting global populations.

ORCID number: Mark S Riddle (0000-0002-0607-7880);
Patrick Connor (0000-0001-7258-1690); Chad K Porter
(0000-0001-5411-4159).
Author contributions: Riddle MS performed the majority of the
writing; Porter CK provided input in writing the paper; Connor P
provided input in writing the paper.
Conflict-of-interest statement: There is no conflict of interest
associated with any of the author contributions in this manuscript.
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: Post-infectious irritable bowel syndrome;
Medical history; Military medicine; Gastroenteritis;
Travelers’ diarrhea; Functional gastrointestinal disorder;
Bacterial diarrhea
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Manuscript source: Unsolicited manuscript
Correspondence author to: Mark S Riddle, MD, Full Professor,
Department of Preventive Medicine and Biostatistics, Uniformed
Services University, 4301 Jones Bridge Rd, Bethesda, MD
20814, United States. Mark.riddle@usuhs.edu
Telephone: +1-301-2950777
Fax: +1-301-2959769

Core tip: There are several reviews in the literature
describing the clinical phenomenon of post-infectious
irritable bowel syndrome including its history. However,
this is the first review to consider the earliest description
dating back nearly 100 years ago and describe the role
of the individuals and context of discoveries that were
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made, and the important contributions that military
medicine has lended towards further understanding.

the relief of the former, or it may follow an indiscretion
in diet or exposure to cold…The diarrhoea may only
last for a few hours, or it may continue for two or three
days, the attacks being separated by intervals of several
weeks or months…Sometimes the attacks of diarrhoea
cease to occur, but intractable constipation remains and
the general symptoms persist, though in a lessened
degree.”

Riddle MS, Connor P, Porter CK. Montezuma’s revenge the sequel: The one-hundred year anniversary of the first
description of “post-infectious” irritable bowel syndrome. World
J Gastroenterol 2018; 24(45): 5076-5080 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i45/5076.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i45.5076

One can imagine that he thought these observations
of persistent abdominal symptoms after an acute bout
of dysentery were unusual and shared such accounts
with his colleagues who were treating similar patients.
Dr. Hurst goes on further to relay accounts from his
colleague, Thomas G Morehead of the Royal College of
Physicians of Ireland who was treating patients in Egypt
from the Gallipoli front and made similar observations
as follows:

INTRODUCTION
“It takes good guts to be a good soldier”
-Anonymous Civil War Observer
This reflection, though lost in attribution, transcends
centuries where it was likely first remarked to describe
the necessary qualities of nerve and grit required for
th
[1]
military service in the 19 century . However, it is
possible the original intent was due to the fact that in
the Civil War (and conflicts immemorial) the success in
battle may well have depended on one’s gastrointestinal
constitution as much as bravery. Wars were once lost by
the frequent alimentary casualties which rendered mass
numbers of troops ineffectual and, before the advent of
antibiotics and intravenous and oral rehydration, would
[2,3]
kill by the thousands .
But an even more transcendent meaning emerged
decades later in 1918 where Sir Arthur Hurst first
described the condition of frequently unexplainable
chronic bowel problems well after a soldier’s acute bout
[4]
of dysentery had resolved . Hurst, a British Physician
and co-founder of the British Gastrointestinal Society,
is recognized as a transformative and leading physician
th
of the 20 century with an early career specializing in
neurology where he made substantial contributions
in understanding the etiology of War Neuroses during
his appointment to the Royal Army Medical Corps in
[5]
support of the Crimean War . During duty assignments
in Lemnos and Salonika, Hurst diagnosed and treated
the broad range of ailments of ill and injured service
members returning from the Gallipoli and Macedonia
World War I battle fronts and methodically catalogued
these observations in first and second editions of
[4]
Medical Diseases of War . In a section on Colitis and
Irritability of the Colon following Dysentery of Chapter
XII in the second edition, he recounts (p. 167):

“…severe abdominal distension developed from
four to eight months after the patient had appa
rently recovered from an attack of dysentery. They
complained of a feeling of fullness in the abdomen, with
dyspnea and general dyspeptic symptoms. The bowels
were regular, and nothing abnormal was found except
enourmous tympanitic distension of the abdomen…”
These descriptions of non-ulcerative persistent
abdominal symptoms spanning complaints of diarrhea,
constipation, dyspepsia and bloating following an acute
gastrointestinal infection are most likely the earliest
written description of what we now regard to be postinfectious functional gastrointestinal disorders (FGD).
This now expansively described phenomenon of incident
FGDs after acute enteric infection has been detailed in a
[6-8]
number of systematic reviews . While there may have
been alternative differential diagnoses including essential
nutrient deficiencies, unmasking of organic bowel disease
or chronic intestinal infections, the historical accounts
from World War I indicate that patients with these
symptoms were relatively common, had adequate intake
of fresh fruits and vegetables (at least after returning
home), lacked features of inflammatory bowel disease,
and had cleared chronic infections (at least of amoeba).
While the lack of detailed microbiological and endoscopic
description leaves open the question of patho-etiology
and association in Sir Arthur Hurst’s account, the distinct
characteristics of the “Post-dysenteric Irritable Colon
Syndrome” describes features strikingly similar to the
symptoms of PI FGD described today.
Following this earliest description of chronic gas
trointestinal consequences of the Great War, a young
Surgeon-Lieutenant physician epidemiologist in the Royal
Navy, Gordon T. Stewart, detailed nearly 500 cases of
hospital admitted acute and chronic amoebic and bacillary
[9]
dysentery in service members serving in World War II .
In Stewart’s 1950 paper in the British Medical Journal
acute and chronic diarrheal and dysentery cases were

“Patients who have recovered from an acute attack
of dysentery frequently remain unfit for a considerable
period, which may even extend to years. The symptoms
are due to the chronic colitis, which may follow either
amoebic or bacillary dysentery after the specific
infection has died out…In most cases the patient suffers
from alternating attacks of constipation and diarrhoea,
the latter often being brought on by aperients taken for
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characterized with specific etiologies identified, treatment
recorded, and follow-up at three months and beyond with
repeated assessments for infectious etiologies associated
with recurrent symptoms. An important contribution of
this report was the thorough culture and microscopic
work-ups for infections in addition to sigmoidoscopy for
those with persistent infections. Twenty-nine of the 228
(12.7%) admitted to the Combined Services Hospital
and 49 of the 246 (19.9%) patients treated at the
Liverpool Tropical Diseases Centre were identified as
having persistent colitis symptoms despite appropriate
treatment and no evidence of persistent infection. Among
the 49 persistent diarrheal cases followed in Liverpool,
sigmoidoscopy was conducted with 27 showing no
signs of overt inflammation and these were classified as
“Functional Post-Dysenteric Colitis”. The remaining 22
had evidence of inflammation (some with ulceration and
bleeding) and evidence of persistent infection mucosal
scrapings and were labeled “Ulcerative Post-Dysenteric
Colitis”. Treatments, including large doses of soluble
and insoluble sulphonamides, penicillin, and chiniofon
retention enemas yielded eventual improvement in all
but 4 patients, who persisted with “idiopathic ulcerative
colitis”. Among the functional cases, the authors noted
that the patients had a tendency towards concomitant
neurotic and anxiety features and generally resolved over
time but continued to persist indefinitely in a few.
In the intervening years, while the “functional
irritable colon” patient was recognized as not-infrequent
diagnosis, little original research was conducted until
1962, when Chaudhary and Truelove reported on a
large case series of 130 patients with the “Irritable
Colon Syndrome” being cared for at the Radcliff
[10]
Infirmary at Oxford . They observed that the condition
was more predominant in women and first diagnosis
occurred between 20 and 59 years of age, and over
60% reported symptoms being present for over a year
(and more than 10 years in 24%). From their detailed
description of quality, quantity and location of pain
and associated bowel movement patterns they further
classified these patients into two distinct groups: (1)
A spastic colon group characterized by colonic pain
and variable bowel habits with periodic constipation or
diarrhea or both alternating, and (2) a painless diarrhea
group defined by patients without pain but who had
chronic diarrhea. While lacking adequate study design,
the authors did comment upon possible predisposing
causes based on extensive patient histories. Most
notable was the observation that in 26% of patients’
symptoms clearly started after a proven or presumptive
episode of dysentery. Among those with “post-infective”
irritable colon syndrome, a majority (63%) had resolved
compared to only 29% of those cases which were
not ascribed to follow a bout of infectious dysentery,
suggesting a more favorable prognosis. Psychological
co-morbidities were important factors in both postdysentery and “idiopathic” cases.
Interestingly, it would be another three decades
before the first study on post-infectious irritable bowel
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syndrome (PI-IBS) was published where an adequate
control group was utilized to explore disease incidence
and risk. In 1999, Rodríguez and Ruigómez utilized
medical encounter data from the United Kingdom
General Practice Research Database to conduct a
retrospective cohort study among a population with
a bacteriologically-confirmed gastroenteritis episode
and a comparator population subsequently followed for
[11]
incident irritable bowel syndrome . Medical encounter
data were augmented with practitioner case-diagnosis
validation surveys. IBS was identified in 4% of subjects
with bacterial gastroenteritis, 12-fold higher than the
rate in the comparative population with no history of
gastroenteritis in the preceding year.
In just the past 20 years, the scientific literature has
greatly expanded with more than 30 independent studies
in which exposed subjects with infectious gastroenteritis
consistently demonstrate a 4-fold increase in the risk
of IBS compared to unexposed subjects with the
highest rates observed after protozoal infection (41.9%)
[6]
compared to bacterial (13.9%) or viral etiologies (6.4%) .
Similar risk estimates have been reported after travelers’
[7]
diarrhea , and the first modern epidemiological study
defining PI-IBS among military travelers was reported in
2011 following acute infectious diarrhea episodes among
[12]
United States troops deployed to Egypt and Turkey .
Features which appear to increase the risk include
more severe disease, longer disease, female gender
and psychological comorbidities, though not entirely
[6]
consistently across the multiple studies . Additionally, the
syndrome tends to be more commonly associated with
the diarrhea-predominant IBS phenotype.
Though the historical readings behind the centenary
description of the origins of PI-IBS and studies of
recent times may be of interest, we focus on the
nature and challenges remaining in developing our
understanding of etiology in the “functional” diseases
as well as the sometimes limiting paradigm of Koch’s
postulates in ascertaining disease causality. Traditionally,
Koch’s postulates proved effective at establishing
disease-pathogen relationships for acute illness but
often falls short with more complex associations
[13,14]
beyond one-pathogen, one-disease models
. An
alternative paradigm is considered in Hill’s criteria
which includes strength of association, consistency
of effect, specificity of effect, temporality, biological
gradient or dose response, and biological plausibility
[15]
to form the basis of an argument for causation . For
PI-IBS, strength, consistency, specificity, temporality
and biological gradient are clearly evident. Where the
field is focused and uncertainty remains, is in the area
of biological plausibility. While intensive studies have
explored the patho-etiological underpinning postinfectious IBS, unfortunately a unifying mechanism
has not emerged. Rather there appears to be multiple
mechanisms to disease progression including low-grade
[16,17]
[18]
inflammation
, microbiome dysbiosis , epithelial
[19]
[20]
barrier dysfunction , and auto-immunity , bringing
added complexity to potential treatment and preventive
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solutions. Thus, while much as been learned over the
100 years since Hurst made his first observations, we
are presently improved only in our ability to provide
symptomatic therapies and an ability to put a name to
the symptoms of an often frustrated patient. We remain
without a diagnostic test, preventative or cure.
Finally, the appending of another contribution to the
list of important discoveries and medical advancements
by military medicine and science is noteworthy. Whether
it be through the contributions of British Navy Captain
[21]
James Lind in treating and preventing scurvy , advance
[22]
ments of anesthesia during the Civil War , development
and use of mobile X-ray diagnostics in World War I by
[23]
Marie Curie , use of intramedullary nails to help heal
fractures by the German military medical services during
[24]
World War II , pioneering contributions by Robert
Phillips in the advancement of oral rehydration therapy
[25]
after World War II , advances in use of frozen blood
[26]
products during the Viet Nam war which are currently
used today in saving countless lives around the world,
or the early aggressive use of trauma management
[27]
techniques in Iraq and Afghanistan , many lives
have been and continue to be saved throughout the
world from these military lead medical advances. While
the incalculable wastage of life and well-being that is
attributed to armed conflict cannot be compared to the
value of innovation that is often born out of necessity
to retain dominance, the efforts to save and preserve
life and limb by the many dedicated clinicians and
researchers to their uniformed patients are laudable. Sir
Arthur Hurst’s astute inquiry and tireless dedication to
his patients is also recognized and clearly led to further
interest, investigation and advancement of understanding
by those he mentored and taught.

Aztec Empire in a few short months.
According to the tenets of Aztec religion, the soul
went to one of three places after death: the sun, the
[29]
underworld, or the lower sky . Interestingly, souls of
fallen warriors and women that died in childbirth would
transform into hummingbirds that followed the sun on
its journey through the sky. Aztec religion ascribed the
emperors (called tlatoani, translated “Great Speaker”)
unique supernatural powers such as shape shifting,
foreseeing the future, and even immortality where
they were thought to take up life in the afterworld with
abilities to have impact of the world they left. While there
is no written documentation of any edict of revenge,
a belief is held by some that Montezuma lives on and
awaits the opportunity to come back to life to banish the
[30]
invaders and rescue his loyal people . Others attribute
the persistent scourge of acute travelers’ diarrhea among
those visiting the lands of the Aztec as an enduring
message sent by Montezuma to those visiting from
other countries to think twice about ideas of colonization
of foreign lands. While previously ascribed to the acute
watery diarrhea so frequently encountered, perhaps
Montezuma’s full plan for revenge was designed to have
some such visitors develop an enduring reminder that
might live in their bowels for years after. Then again, this
could all be a myth.
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Abstract
A large number of liver transplants have been performed
for hepatocellular carcinoma (HCC), and recurrence is
increasingly encountered. The recurrence of HCC after
liver transplantation is notoriously difficult to manage.
We hereby propose multi-disciplinary management with
a systematic approach. The patient is jointly managed
by the transplant surgeon, physician, oncologist and
radiologist. Immunosuppressants should be tapered to
the lowest effective dose to protect against rejection. The
combination of a mammalian target of rapamycin inhibitor
with a reduced calcineurin inhibitor could be considered
with close monitoring of graft function and toxicity.
Comprehensive staging can be performed by dual-tracer
positron emission tomography-computed tomography or
the combination of contrast computed tomography and
a bone scan. In patients with disseminated recurrence,
sorafenib confers survival benefits but is associated with
significant drug toxicity. Oligo-recurrence encompasses
recurrent disease that is limited in number and location
so that loco-regional treatments convey disease control
and survival benefits. Intra-hepatic recurrence can be
managed with graft resection, but significant operative
morbidity is expected. Radiofrequency ablation and
stereotactic body radiation therapy (SBRT) are effective
alternative strategies. In patients with more advanced
hepatic disease, regional treatment with trans-arterial
chemoembolization or intra-arterial Yttrium-90 can
be considered. For patients with extra-hepatic oligorecurrence, loco-regional treatment can be considered if
practical. Patients with more than one site of recurrence
are not always contraindicated for curative treatments.
Surgical resection is effective for patients with pulmonary
oligo-recurrence, but adequate lung function is a pre-
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requisite. SBRT is a non-invasive and effective modality
that conveys local control to pulmonary and skeletal
oligo-recurrences.

therapy” and/or “immunotherapy” and/or “resection”
and/or “ablation” and/or “stereotactic body radiotherapy”
or “SBRT”. The references of the selected papers were
reviewed for additional relevant articles.

Key words: Hepatocellular carcinoma; Recurrence; Liver
transplantation

UNIQUE PERSPECTIVES OF POSTTRANSPLANT RECURRENCE

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

Systemic disease

Core tip: We propose a multi-disciplinary management
algorithm for recurrent hepatocellular carcinoma after
liver transplantation. The combination of a mammalian
target of rapamycin inhibitor with a reduced calcineurin
inhibitor can be considered. Staging is performed to
differentiate between disseminated recurrence and oligorecurrence. In patients with disseminated recurrence,
sorafenib may confer survival benefits but is associated
with significant toxicity. Oligo-recurrence encompasses
recurrent disease that is limited in number and location so
that loco-regional treatments convey disease control and
survival benefits. Intra-hepatic and extra-hepatic oligorecurrences can be managed with surgical resection,
ablative therapy or regional treatments depending on the
disease status.

After liver transplantation, any recurrence is, by defi
nition, metastasis from the native liver. The culprit is
either the presence of undiagnosed distant metastasis
before transplantation or spillage of tumour cells during
transplantation. Even an isolated recurrence implicates
solitary metastasis and represents a local phenomenon
of the systemic event, which highlights the importance of
systemic therapy and the input of oncology as a critical
component of the therapeutic strategy.

Immuno-compromised state

Au KP, Chok KSH. Multidisciplinary approach for postliver transplant recurrence of hepatocellular carcinoma: A
proposed management algorithm. World J Gastroenterol 2018;
24(45): 5081-5094 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5081.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5081

INTRODUCTION
Despite stringent selection criteria, recurrence occurs
in 6%-18% of patients transplanted for hepatocellular
[1-4]
carcinoma (HCC) . Since the implementation of the
Model for End-Stage Liver Disease (MELD) system,
patients waitlisted for HCC have been given increased
[5]
priority for cadaveric grafts . More liver transplants
have been performed for HCC, and recurrence is more
[6]
frequently encountered . The recurrence of HCC after
liver transplantation is notoriously difficult to manage.
Experience is limited in the literature, and there is
considerable debate concerning various systemic and
local treatments. The objective of the present narrative
review is to summarize the current available literature
and propose a management algorithm for recurrence
after liver transplantation.
A literature search was performed on PubMed (United
States National Library of Medicine, National Institutes
of Health, United States) for relevant English articles
with a combination of keywords: “liver transplantation”
with “hepatocellular carcinoma recurrence” or “HCC
recurrence” and/or “immunosuppression” and/or “targeted

WJG|www.wjgnet.com

[7]

Immunity is the primary defence against cancer . The
adaptive immune system recognizes and eliminates
tumour cells based on their expression of tumour[8]
specific antigens . Termed concomitant immunity,
the immune response induced by the primary tumour
[9]
inhibits the growth of secondaries . However, after liver
transplantation, concomitant immunity is suppressed
pharmacologically. Any microscopic tumour in vitro can
progress without immune surveillance. It was observed
that post-transplant HCC recurrence progresses
significantly faster than in patients treated with hepatic
[10]
resection .
Calcineurin inhibitors, e.g., tacrolimus and cyclo
sporine, form the cornerstones of maintenance immu
nosuppression in liver transplantation. In addition
to host immune suppression, they promote tumour
progression via non-immune-mediated pathways related
[11,12]
to augmented transforming growth factor expression
.
From a retrospective series of 70 HCC patients treated
with liver transplantation, quantified cyclosporine exposure
was identified as an independent risk factor for HCC
[13]
[14]
recurrence . Subsequently, Vivarelli et al
confirmed
that high tacrolimus exposure independently predicted
HCC recurrence. Immunosuppressive therapy affects the
course of tumours in transplant patients and must be
fully addressed in the comprehensive management of a
recurrence.

Immuno-maintenance phase of the transplant

Throughout the course of treatment, the liver graft
must be maintained. Reduction of immunosuppre
ssion increases the risk of graft rejection. Medical
therapies potentially affect liver function. The use of
immunotherapy is particularly concerned with immunemediated graft injury. While formulating the treatment
strategy, the benefits of the treatment must be balanced
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with the potential toxicities towards the liver graft.

that progressed despite sorafenib therapy . However,
no further survival benefit was observed upon switching
to everolimus (overall survival: 7.6 mo vs 7.3 mo).
Everolimus has been evaluated in prospective trials for
its efficacy in liver transplantation, although they were
not focused on oncological outcomes. In a prospective
multicentre study, everolimus with a reduced dose of
tacrolimus was associated with better preserved renal
function (estimated glomerular filtration rate decline
2
over 36 mo: 7.0 mL/min/1.73 m vs 15.5 mL/min/1.73
2
m ; P = 0.005) compared with the standard dose of
[32]
tacrolimus . A similar regimen was studied in another
prospective trial with a composite primary endpoint
[33]
comprising rejection and graft loss . Notably, in patients
transplanted for HCC, recurrence was only observed in
the control arm with a standard dose of tacrolimus (5/62
vs 0/62) after 12 mo of follow up. A direct comparison
between everolimus and sirolimus was made in a meta[34]
analysis . Patients on everolimus had significantly
fewer recurrences than those on sirolimus or calcineurin
inhibitors (4.1% vs 10.5% vs 13.8%, respectively; P
< 0.05). However, everolimus-treated recipients had a
shorter follow-up time (13 mo vs 30 mo vs 43.2 mo,
respectively) and fewer advanced tumours (HCC within
Milan criteria: 84% vs 60.5% vs 74%, respectively; P
< 0.05). The study did not compare survival, and no
definite conclusions were drawn.
The data on mTOR inhibitor therapy for established
recurrence after liver transplantation remain scarce.
However, a combination of either sirolimus or everolimus
with reduced-dose tacrolimus has been proven to be
[24,28,33]
safe and effective in reducing recurrence
. There
is inadequate evidence to recommend the optimal
serum level of tacrolimus in this combination. In our
experience, a sub-therapeutic level of tacrolimus might
suffix. From Geissler’s prospective trial it appears that
Siroliums monotherapy might be adequate for some
[21]
patients . From a registry database comprising 2491
patients transplanted for HCC, sirolimus was the only
maintenance immunosuppressant affecting survival
[27]
(5-year survival: 83.1% vs 68.7%, P < 0.05) . Based
on these findings, it appears sensible to incorporate an
mTOR inhibitor with a reduced calcineurin inhibitor upon
the diagnosis of recurrence. Overall, immunosuppression
should be individualized and tapered to spare the
remaining anti-tumour immunity. Patients should be
closely monitored for liver function throughout the course
of cancer treatment.

PROPOSED TREATMENT ALGORITHM
The patient is jointly managed by the transplant
surgeon, physician, oncologist and radiologist under a
multidisciplinary approach.

IMMUNOSUPPRESSION
Whenever a recurrence is diagnosed, the immuno
suppressant should be reviewed. Considering that
immune failure contributes to cancer progression,
immunosuppression should be tapered to the lowest
effective dose protecting against rejection. Moreover, the
regimen of immunosuppression warrants reconsideration.

Mammalian target of rapamycin inhibitor

Mammalian target of rapamycin (mTOR) is a protein
involved in a signalling pathway that controls cellular
[15]
growth and proliferation . Rapamycin, more commonly
known as sirolimus, inhibits the mTOR pathway to
[16]
restrain regulatory T-cell proliferation . Apart from
immune modulation, mTOR is also involved in HCC
pathogenesis and is associated with poor tumour
[17-19]
biology
. Sirolimus has been investigated in a phase
II trial showing promising efficacy against advanced
[20]
HCC . With the theoretical advantage over tumour
control, sirolimus has been extensively investigated as
immunosuppression therapy for patients engrafted for
[21-27]
HCC
(Table 1).
The highest level of evidence came from a prospective
[21]
trial conducted by Geissler et al , where 525 patients
were randomized to receive either a sirolimus-based or
an mTOR inhibitor-free regimen. In the study group,
sirolimus was incorporated 4-6 wk after transplantation,
with or without a concomitant calcineurin inhibitor. The
overall and recurrence free survival rates were improved
up to 5 years (overall survival: 79.4% vs 70.3%; P =
0.048) and 3 years (disease-free survival: 80.6% vs
72.3%; P = 0.0499). The proportion of patients with
acute rejection appeared to be higher in the sirolimus
group (23.4% vs 17.0%, respectively; P = 0.07), but
the difference did not reach statistical significance. The
results were in concordance with an updated metaanalysis that demonstrated a survival benefit in patients
receiving sirolimus-based immunosuppression therapy
[23]
(OR = 1.68; CI = 1.21-2.33) . From the pooled results
of 11 studies, the risk of graft rejection or hepatic artery
thrombosis was not increased. Sirolimus was generally
well tolerated. In a small proportion of patients (0-8.3%),
sirolimus was discontinued for drug toxicity, mostly due
[28]
to oral ulcers .
Everolimus is a derivative of sirolimus with a shorter
elimination half-life (30 h vs 60 h) and a quicker time to
[29,30]
steady state (4 d vs 6 d)
. The clinical advantage is
easier dose adjustment. Everolimus received evaluation
in a phase III trial for its role in advanced primary HCC
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STAGING
Because post-transplant recurrence is essentially
metastatic disease, complete staging is essential to
guide subsequent management. Dual tracer positron
emission tomography-computed tomography (PETCT) has been validated for pre-transplant staging for
[35]
HCC patients . During the examination, a whole-body
survey, both functional and structural, is performed for
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Table 1 Mammalian target of rapamycin inhibitors for patients engrafted for hepatocellular carcinoma

Prospective controlled trial
Geissler et al[21], 2016
Meta-analysis
Liang et al[22], 2012
Zhang et al[23], 2018
Case-control
Vivarelli et al[24],2010
Retrospective cohort
Zimmerman et al[25],2007
Zhou et al[28], 20081
Chinnakotla et al[26], 2009
Toso et al[27], 2010

No. (SRL/non-SRL)

5-year OS (%)

5-year DFS (%)

HAT (%)

ACR (%)

Discontinuation
for toxicity (%)

261/264

79.4/70.33

72.6/68.4

-

23.4/17.0

-

332/2615
7695

OR: 2.473
OR: 1.683

1 yr: OR 2.413
1 yr: OR 2.133

OR: 1.32
-

-

-

31/31

-

3 yr 86/563

0/0

3.2/3.2

-

45/52
27/46
121/106
109/2382

80/62
19.8 ± 1.2/16.0 ± 1.42,3
80/503
83.1/68.73

78.8/54
17.3 ± 1.4/15.9 ± 1.62
-

2.4/1.9
0/0
1.9/2
-

20/19.6
30.4/19.6
62.8/54.7
-

8.3
0
-

1

All tumours were beyond Milan criteria; 2Median survival in months; 3Statistically significant. SRL: Sirolimus; OS: Overall survival; DFS: Disease-free
survival; HAT: Hepatic artery thrombosis; ACR: Acute cellular rejection.

[41]

comprehensive staging. The two radioisotopes, namely
C11-acetate and fludeoxyglucose (FDG), complement
each other. C11-acetate is sensitive for well-differentiated
HCC, but tumours with more unfavourable biology may
[36]
have a predilection towards FDG . Combining two
tracers enhances sensitivity to detect occult metastasis.
Dual tracer PET-CT is especially advantageous over
computed tomography (CT) to diagnose bone metastasis
(sensitivity 97% vs 72%, respectively; P < 0.05) and
is not uncommon in patients with recurrence after liver
[37]
transplantation .
Albeit effective, dual-tracer PET-CT may not be
widely available. When contrast CT is performed as an
alternative, it is better coupled with a skeletal survey
using bone scan. Bone is the third most common site
of recurrence after the lung and liver, affecting 20% of
[38]
patients with recurrence . The objective of radiological
staging is to determine whether the recurrence is
disseminated or limited, i.e., oligo-recurrence. While
disseminated recurrence is managed primarily with
systemic therapy, limited recurrence may be better
controlled with additional loco-regional treatment.
It has been observed that R0 resection conferred a
survival benefit in selected candidates with isolated and
[39]
resectable metastasis .

HCC for 3 mo (10.7 mo vs 7.9 mo, P < 0.001) . The
major drawback was a poorly tolerated side effects
profile. Hand-foot skin reaction and gastrointestinal
disturbances were reported in 21% and 39% of the
patients, respectively. Although mostly graded as 1 and
2 in severity, drug-related adverse events have led to
discontinuation of sorafenib in 29% of the patients.
The efficacy of sorafenib in post-transplant HCC
recurrence has been studied in numerous retrospective
series, mostly in combination with an mTOR inhibitor
[42-52]
(Table 2)
. Sorafenib and mTOR inhibition had
[53]
synergistic effects on tumour growth in xenograft mice .
Ras blockade silenced the feedback signalling of mTOR
inhibition, leading to upregulation of its anti-tumour
[54]
activity . A retrospective cohort reported by De’Angelis
[45]
et al
provided insights into the use of sorafenib in
patients with advanced recurrence. The outcomes of 15
patients treated with sorafenib were compared with those
of 24 patients receiving best supportive care. Sorafenib
was stared at 400 mg twice daily. More patients in the
sorafenib group received an mTOR inhibitor due to the
time effect, but the difference did not reach statistical
significance (46.7% vs 16.7%, P = 0.13). Sorafenib
conferred disease control (partial response or stable
disease) in 11 of the 15 patients (73.4%), translating into
a survival benefit (median OS: 41.4 mo vs 19.1 mo; P =
0.013). Notably, there was a high proportion of patients
requiring dose reduction (53.3%) or discontinuation of
treatment (13.3%) due to drug toxicity.
[50]
Gomez-Martin et al
addressed the safety of
combining sorafenib with an mTOR inhibitor in a posttransplant setting. In the multicentre cohort consisting of
31 patients with recurrent HCC, the immunosuppression
was shifted to mTOR inhibitor therapy with initiation of
sorafenib as systemic treatment. Most toxicities were
grade 1 or 2. However, 2 episodes of gastric bleeding
and 1 episode of cerebral haemorrhage were reported.
The gastric bleedings were diffuse mucosal oozing
unrelated to portal hypertension or ulcer disease.
Thus, sorafenib appears to be effective to prolong

DISSEMINATED RECURRENCE
Disseminated recurrence is primarily managed with
systemic treatment with the intention to prolong survival
rather than to pursue cure.

Targeted therapy

Sorafenib is a multi-tyrosine kinase inhibitor with
activity against vascular endothelial growth factor-2
and -3, platelet-derived growth factor receptor
[40]
and Ras ligand . It inhibits tumour signalling and
angiogenesis pathways involved in HCC pathogenesis.
In a randomised controlled trial, sorafenib was shown to
prolong the median survival of patients with advanced
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Table 2 Sorafenib for recurrent hepatocellular carcinoma after liver transplantation
No. (SFN/
BSC)
Meta-analysis
Mancuso et al[42],2015
Retrospective cohort
Sposito et al[43], 2013
De'Angelis et al[45], 2016
Pinero et al[46], 2016
Case series
Yoon et al[47], 2010
Kim et al[48],2010
Vitale et al[49], 2012
Gomez-Martin et al[50], 2012
Weinmann et al[51], 2012
Sotiropoulos et al[52], 2012
Zavaglia et al[44], 2013

Response rate
Duration after mTOR inhibitor
(% complete/
LT (mo)
(yes/no)
partial/stable)

Median OS
(mo)

Drug toxicity leading to
Time to
progression Dose reduction Discontinuation
(mo)
(% patient)
(% patient)

113

13.6

-

0/4.8/44.4

10.5

5.6

42.8

31.9

15/24
15/18
10/10

38.1/15.72
18
-

7/8
7/8
7/3

0/26.6/46.8
-

21.3/11.82
41.4/19.12
20/12.5

8.8/10.2
5/32

53.3
53.3
90

4.1
13.3
20

13
9
10
31
11
14
11

12.3
12.4
7
22.6
37.5
8
12

1/12
7/2
10/0
31/0
9/2
14/0
7/4

0/0/46
11/0/44
0/20/60
0/3.8/50
0/0/36
0/18/9

5.4
-1
18
19.3
20.1
25
5

2.9
8
6.77
4.1
17

30.7
40
25.8
73
33
90

0
0
30
18
17
-

1

Median survival not reached; 2Statistically significant. SFN: Sorafenib; BSC: Best supportive care; LT: Liver transplant; mTOR: Mammalian target of
rapamycin; OS: Overall survival.

survival after recurrence but at the cost of significant
toxicity. Combination treatment with an mTOR inhibitor
should be avoided in patients with potential bleeding
complications.

sorafenib. Moreover, the clinical decision to employ
immunotherapy for transplant patients is usually much
delayed until treatment failure is evident. Although the
therapeutic effect is considered rapid for immunotherapy,
a 3-m interval is usually necessary before the treatment
57
response can be evaluated . In the reports, the rather
limited survival interval after immunotherapy might not
allow the efficacy of immunotherapy to be assessed.
Acute rejection occurred in 3 of the 10 reported
cases receiving anti-PD-1 treatment. Although a
limited number of events precludes risk factor analysis,
a hypothesis could be proposed. Two patients with
rejection were relatively young, aged 14 and 20 years,
respectively. A young age is a recognized risk factor
for acute rejection after liver transplantation, and more
[67]
aggressive immunosuppression is usually employed . A
long duration after transplantation is usually protective of
acute rejection. However, the trend is not obvious from
this series of observations. Practically, most recurrence
occurs early after transplantation as well.
The differential effect of PD-1 and CTLA-4 blockade
[68]
on rejection may also have implications . Among
the 5 reported liver transplant patients treated with
immunotherapy for melanoma, rejection was observed
[66,69-71]
only in patients receiving a PD-1 inhibitor
(Table
3). These clinical observations concurred with the
findings from in vitro studies. Using a murine model it
was demonstrated that the PD-1 pathway may play a
stronger role in allograft tolerance than CTLA-4 and that
PD-1 blockade could be associated with a higher risk of
[72]
transplant rejection . However, the effect of CTLA-4
blockade on HCC control has not been systematically
investigated. The role of immunotherapy in treating
HCC recurrence after liver transplantation remains
largely unknown. The potential efficacy should not be
[73]
overlooked but has to be balanced with its safety .
Further study in a large patient cohort is warranted to
elucidate optimal patient selection.

Immunotherapy

Immunotherapy directs the host immunity towards
[55]
the tumour . The physiological immune response is
[56]
regulated by immune checkpoints . Immunotherapy
consists of antibodies directed against these immune
checkpoints on the T-cell surface to prompt reactions
against tumour antigens. Examples include ipilimumab
that targets cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4) and nivolumab and pembrolizumab that
target programmed cell death protein 1 (PD-1).
Nivolumab has been validated in a large phase II trial
[57]
for its safety and efficacy against primary HCC .
Nivolumab 3 mg/kg was given every 2 wk to 214
patients with advanced HCC. Disease control was
achieved in 64% of all patients, including 61% of
patients who had previously failed sorafenib treatment.
The overall survival was 83% at 6 mo. There was
a favourable side effect profile compared with that
of sorafenib. Only 2%-4% of patients discontinued
nivolumab due to drug toxicity.
However, immune checkpoint modulation of cellmediated immunity is implicated in transplant organ
[58,59]
tolerance
. Downregulation of these pathways may
[60]
inadvertently lead to transplant rejection . In fact,
clinical trials for immune checkpoint inhibitors often
exclude solid organ transplant recipients due to the fear
[61,62]
of graft injury
. Current experience in immunotherapy
after liver transplantation is confined to case reports
[63-66]
and small series
(Table 3). Limited survival (0.3 mo
to 3 mo) was observed among the 10 patients treated
with anti-PD-1. The salvage nature of immunotherapy
must be considered while interpreting the results.
Most patients had developed disease progression with
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Table 3 Immunotherapy for recurrent hepatocellular carcinoma after liver transplantation
Patient

Age

1

41

2
31

20
14

4

70

5

57

6

56

7

35

8

64

9

68

10

70

11

59

12

67

13

55

14

63

1

15

62

Ref.

Prior
sorafenib

Response

OS (mo)

Rejection

Low dose tacrolimus

Yes

No

-

No

4
3

Sirolimus
Tacrolimus

-

-

1
1

Yes
Yes

Pembrolizumab

8

Low dose tacrolimus

Yes

No

3

No

HCC

Nivolumab

2.7

Tacrolimus

Yes

No

1.2

No

HCC

Nivolumab

7.8

MMF/sirolimus

Yes

No

1.1

No

HCC

Nivolumab

3.7

Tacrolimus

Yes

No

1.3

No

HCC

Nivolumab

1.2

Tacrolimus

Yes

-2

0.3

No

HCC

Nivolumab

1.1

Sirolimus

Yes

-

0.7

Yes

HCC

Pembrolizumab

6

Low dose tacrolimus

Yes

No

3

No

Melanoma

Ipilimumab

8

Tacrolimus

-

-

-

No

Melanoma

Ipilimumab

8

Sirolimus

-

-

-

No

Melanoma Pembrolizumab

5.5

MMF/everolimus

-

-

-

No

Melanoma Pembrolizumab

3.1

MMF/prednisolone

-

-

-

Yes

Ipilimumab and
Melanoma
pembrolizumab

6

Sirolimus

-

-

-

Yes

Tumour

Agent

HCC

Nivolumab

1

HCC
HCC

Nivolumab
Nivolumab

HCC

[63]

De Toni et al ,
2017
Friend et al[64], 2017
Friend et al[64], 2017
Varkaris et al[65],
2017
DeLeon et al[66],
2018
DeLeon et al[66],
2018
DeLeon et al[66],
2018
DeLeon et al[66],
2018
DeLeon et al[66],
2018
Varkaris et al[65],
2017
Ranganath et al[69],
2015
Morales et al[70],
2015
DeLeon et al[66],
2018
DeLeon et al[66],
2018
Kuo et al[71], 2018

Years after LT Immunosuppression

1

Fibrolamella hepatocellular carcinoma; 2Multiorgan failure, unrelated to immunotherapy. HCC: Hepatocellular carcinoma; LT: Liver transplant; OS:
Overall survival.
[4,39,76-79]

extrahepatic oligo-recurrence (Table 4)
. Patients
eligible for surgical treatment ranged from 25% to 50%.
The lung and liver were common sites for resection
(Table 4). Survival benefits have been consistently
demonstrated in patients treated with surgery, with a
median survival of 28 mo to 65 mo observed for patients
receiving surgery, compared with 5 mo to 15 mo in those
[4,39,76-79]
receiving systemic treatment only
.
Selection bias was inevitable because surgical can
didates were invariably patients with localized disease
and a better prognosis. In the most recent series, patient
selection was further refined with an additional criterion
being the absence of progression while on systemic
[79]
treatment . The genuine benefit conveyed by surgery
could be questioned because the selected patients had
a limited disease burden and more favourable tumour
biology. However, a prospective randomized trial is unlikely
under the current setting to be given ethical concern. A
matched retrospective comparison is also difficult due to
the intrinsic differences between the patients with oligoand disseminated recurrence.
Reviewing the current literature, long-term survival
after post-transplant recurrence has been achieved with
surgical resection. Across numerous reported series,
surgical treatment remained an independent predictor
[4,76,77,79]
of superior survival after recurrence
. Surgery is
supported as the treatment of choice in patients with
resectable recurrence, especially when the tumour

MANAGEMENT OF OLIGO-RECURRENCE
Historically, distant recurrence is considered to be
terminal. Post-transplant recurrence is, by definition,
distant metastasis from the native liver and has been
managed with palliative intent. However, the new notions
of oligo-recurrence have led to a paradigm shift in the
management of cancer recurrence or metastasis. First
introduced by Hellman and Weichselbaum in 1995, the
term described recurrent disease that was limited in
number and location so that loco-regional treatments
[74]
improved survival . Oligo-recurrence represents a
therapeutic opportunity that allows the patient to be
treated with a curative strategy. Due to the improvement
in systemic therapy, a durable cure is no longer a remote
possibility in patients with limited disease. The concept
has gained substantial popularity, and oligo-recurrences
have been managed with a combination of systemic and
[75]
loco-regional treatments with promising results . A
stringent definition for oligo-recurrence in terms of the
number, size, or distribution of tumour is impractical. A
pragmatic view to the concept is a rational use of locoregional therapy in patients for whom disease burden is
limited.

Role of surgery

The results for surgical resection have been retro
spectively reported for patients with intra-hepatic or
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Table 4 Surgery for recurrent hepatocellular carcinoma after liver transplantation

No. resection/total
(%)

Median OS in months
Site of resection

Selection criteria

Resection:
Independent
predictor of survival

Overall

Resection/no
resection

8.7

-

Technical feasibility

Yes

10.5

65/55

-

Yes

-

32.3 ± 21.5/11.9 ±
6.92,5

Technical feasibility

-

Comparative study
Liver (n = 8), lung (n =
7), adrenal (n = 2), chest
wall (n = 1)1
Liver (n = 2), lung (n =
2), others (n = 3)
Liver (n = 2), lung (n
= 2), adrenal (n = 2),
abdominal lymph node
(n = 2)

Roayaie et al[4],
2004

18/57 (31.6)

Kornberg et al[76],
2010

7/16 (43.8)

Valdivieso et al[39],
2010

11/23 (47.8)

Sapisochin et al[77],
2015

38/121 (31.4)

-

-

31/12/53,5

Technical feasibility

Yes

Bodzin et al[78],
2017

25/106 (23.6)

lung (n = 8), bone (n =
6), intra-abdominal (n =
4), liver (n = 3), brain (n
= 2)

10.6

27.8/10.6/3.73,5

-

-

Fernandez-Sevilla
et al[79], 2017

22/70 (31.4)4

-

19

35/155

Technical feasibility.
No progression with
systemic treatment

Yes

1

Include radiofrequency ablation of liver lesion (n = 2); 2R0 resection vs no R0 resection; 3Resection vs non-surgical treatment vs best supportive care; 4R0/1
resection vs no R0/1 resection; 5Statistically significant. OS: Overall survival.

biology is favourable.

morbidity. Graft resection is technically challenging due to
extensive hilar adhesions. Immunosuppressed patients
are susceptible to infective complications. Graft resection
for recurrence has been reported in several retrospective
[81-83]
series in small numbers (Table 5)
. High morbidity
(60%-80%), but no mortality, was reported. In the first
series, infective complications occurred in 63% patients,
including 5 Gram-negative bacteraemia requiring
[83]
intravenous antibiotics . Two series reported oncological
[82,84]
outcomes
, with 3-year overall survival rates ranging
from 50% to 70%. Graft resection appears to be a
feasible treatment for recurrent HCC, offering the chance
of long-term survival. However, high morbidity, especially
infection complications, is expected.

HEPATIC OLIGO-RECURRENCE
At this point, a differentiation must be made between
intra-hepatic recurrence of the primary tumour and
development of de novo hepatocellular carcinoma. The
former occurs early after transplantation, usually within
the first 2 years and represents metastatic deposits of the
primary HCC into the liver graft. The latter develops late,
years after transplantation, when the liver graft becomes
cirrhotic secondary to chronic injury. Common culprits are
the recurrence of primary liver diseases, diffuse ischaemic
biliary injury (DIBI) or chronic rejection. De novo HCC
resembles the usual situation in a non-transplant recipient
where the disease could be presumed to be localized in
the liver. Local treatments offer the opportunity of disease
control before systemic dissemination. However, the graft
function status must be considered when selecting the
optimal therapeutic strategy.

Radiofrequency ablation

Due to the significant morbidity associated with graft
resection, the role of ablative treatments has been
investigated. Radiofrequency ablation (RFA) is a thermal
ablative technique delivered via a needle electrode.
For primary HCC, RFA offers equivalent local control as
[85]
resection for small tumours less than 3 cm in size . The
advantage is that it can be performed percutaneously
under radiological guidance. A favourable location would
be away from the major vasculature and adjacent
organs. RFA becomes more appealing when a small
tumour is situated in the deep parenchyma, where major
hepatectomy is necessitated for resection. In the setting
of post-transplant recurrence, the additional benefit is the
avoidance of morbidities associated with re-laparotomy
in an immunocompromised patient.
One retrospective cohort compared RFA with
[84]
resection for post-transplant HCC recurrence . In the

Graft resection

This review focuses on genuine intra-hepatic recurrence.
In the setting of primary HCC, surgical resection with
partial hepatectomy confers favourable oncological
[80]
outcomes . Surgical resection is therefore given
full consideration here when macroscopic disease is
confined within the liver. Because recurrence usually
occurs early, graft function is preserved and rarely
precludes hepatectomy. Resectability is more determined
by disease burden. A tumour-free future remnant
with adequate volume is the prerequisite for graft
hepatectomy. The main concern for graft resection is
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Table 5 Graft resection for recurrent hepatocellular carcinoma after liver transplantation

Case series
Marangoni et al[83], 2008
Sommacale et al[81], 2013
Chok[82], 2015

No.

Morbidity (%)

Mortality (%)

3-yr OS (%)

111
83
3

812
624
-

0
0
0

66.7

1

Hepatocellular carcinoma (HCC) (n = 4), ischaemic cholangiopathy (n = 2), segmental hepatic artery thrombosis (HAT) (n = 2), others (n = 5); 2Small bowel
perforation (n = 1), bile leak (n = 1), intra-abdominal collection (n = 1), wound infection (n = 1), sepsis (n = 5); 3HCC (n = 3), bile leak (n = 1), recurrent
segmental cholangitis (n = 1), hydatid cyst (n = 1), segmental HAT (n = 1), biliary cyst (n = 1); 4Statistically significant. OS: Overall survival.

reported series, 15 patients were treated with surgery
while 11 received RFA. The author reported similar 3-year
(51% vs 51%, P = 0.88) and 5-year (35% vs 28%, P
= 0.88) overall survivals in two groups. However, both
hepatic and extra-hepatic recurrences were included, and
the results represented the outcomes of heterogeneous
procedures. Morbidity and mortality after graft resection
were not reported.

more than 2 cm in size (HR: 3.35; P = 0.025). Grade
III or above morbidity was similar (SBRT vs RFA: 5%
vs 11%; P = 0.31). While RFA loses efficacy with
[99,100]
increasing tumour size
, SBRT seems to be as
effective when treating larger tumours. To date, the role
of SBRT for post-transplant HCC recurrence has yet to
be systematically evaluated. While systemic control is
of utmost importance, the potential of the SBRT and
immunotherapy combination should be conscientiously
explored.

Stereotactic body radiation therapy

Stereotactic body radiation therapy (SBRT) is a precise
method of delivering ablative radiation by tomographic
modulation. Intense and focused doses of radiation
are given in a few or single fractions. SBRT for posttransplant HCC recurrence has several theoretical
advantages. The radiation beam is focused on the
tumour, sparing the adjacent normal liver parenchyma.
A higher dose of radiation is delivered while the risk of
[86]
collateral damage is minimized . Moreover, SBRT is
delivered over fewer treatment days than the 10-20 d
for conventional radiotherapy, during which systemic
therapy is usually deferred. SBRT is usually completed
in 1-5 fractions, allowing systemic treatment to be
commenced early.
Moreover, it is now established in pre-clinical
models that stereotactic radiation upregulates anti[87-89]
tumour immunity
. High-dose radiation stimulate
antigen-presenting cells, leading to the activation and
[89]
proliferation of tumour-specific cytotoxic T cells . The
abscopal response (from “ab scopus”, meaning away
from target) denotes this systemic effect leading to the
regression of metastatic lesions outside the irradiation
[90]
field . Interestingly, abscopal effect is synergistically
enhanced when combined with immunotherapy[87]
mediated PD-1 blockade , which potentially confers
a further clinical advantage to SBRT for recurrent HCC
because the role of systemic therapy is crucial.
SBRT has been investigated in several prospective
[91-94]
studies for primary HCC
. In these series, the
tumour size ranged from 2 cm to 7 cm. At 2 years after
ablation, local control was achieved in 80% to 95%
of patients. The figure compares favourably with that
[95,96]
reported for RFA of small tumours
. In contrast to
[97,98]
RFA, vascular invasion is not a contraindication
.
In direct retrospective comparison, local control was
found to be superior in the SBRT group for tumours
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Trans-arterial chemoembolization

In patients with multifocal intra-hepatic recurrence, transarterial chemoembolization (TACE) offers the opportunity
[101]
of regional control. Ko et al
first reported the results
of TACE for recurrent HCC after liver transplantation
with 1- and 3-year survival rates of 47.9% and 6.0%,
respectively. However, in their series, 64.3% of patients
developed concomitant extra-hepatic metastasis, which
could have affected the oncological outcome as well.
[102]
Zhou et al
prospectively compared TACE versus
systemic therapy in patients with unresectable intrahepatic recurrence. Survival benefits were achieved
in the TACE arm (P = 0.013), indicating that regional
control could have contributed to the improvement in
overall survival. Notably, both studies reported no major
[102]
morbidity after graft liver TACE. In Zhou et al ’s series
of 14 patients, no biliary complications were observed
over a median follow up of 14.5 mo.

Trans-arterial radioembolization

Intra-arterial irradiation with Yttrium-90 (Y-90) micro
spheres has gained popularity in recent years to treat
unresectable HCC. Injected through the feeding vessels,
these microspheres emit high-dose radiation after
entrapment at the pre-capillary level. In a large-scale
longitudinal cohort comprising 291 patients, Y-90 achieved
[103]
a 40%-60% response rate . The median survival was
17.2 mo in patients with Child’s A cirrhosis. In contrast
to TACE, portal vein thrombosis is not a contraindication.
Considering the potential synergistic effect of irradiation
and immunotherapy, clinical studies are ongoing to
investigate the benefit of combining Y-90 and anti-PD1
therapy for primary HCC. Their results will shed light
on further applications concerning post-transplant HCC
recurrence.
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Post-transplant HCC recurrence

Review immunosuppression
Reducing overall immunosuppression
mTOR inhibitor
Reduced calcineurin inhibitor

Staging
Dual tracer PET-CT
Contrast CT and bone scan

Oligo-recurrence

Hepatic

Resection
Ablation
SBRT
Regional therapy

Disseminated recurrence

Extra-hepatic

Sorafenib

Resection
Ablation
SBRT

Figure 1 Multidisciplinary approach to manage post-transplant hepatocellular carcinoma recurrence. HCC: Hepatocellular carcinoma; PET-CT: Positron
emission tomography-computed tomography; SBRT: Stereotactic body radiation therapy.

When pulmonary metastatectomy is precluded
by inadequate lung function, SBRT is considered
[105]
an alternative
. In a German multicentre cohort,
700 patients were treated with SBRT for inoperable
pulmonary oligometastasis. The two-year local control
and overall survival rates were reported as 82.1% and
54.4%, respectively. Grade 2 or higher pneumonitis
occurred in 4.5%-6.5% of patients. SBRT has also been
used to treat skeletal oligometastasis from visceral
[106-109]
malignancies
. The 1-year local control rates
were 83% and 91% in patients with and without prior
[109]
radiotherapy, respectively . Stereotactic irradiation was
well tolerated with the most common toxicity reported
[108]
as a transient pain flare . SBRT has been evaluated to
treat skeletal metastasis from HCC with a local control
[110,111]
rate up to 79% to 88%
. With these promising
results, the role of SBRT for skeletal oligo-recurrence
after transplantation should be further explored.

EXTRA-HEPATIC OLIGO-RECURRENCE
The lung is the most common site for extra-hepatic
[4,38,103]
recurrence, followed by the bone
. In the literature,
the largest series of pulmonary metastatectomy after
[104]
liver transplantation was reported by Hwang et al .
Among 43 patients with lung recurrence, 23 were
selected for surgery based on the feasibility of complete
resection with sufficient pulmonary function after surgery.
Patients were resected for up to 3 tumours, regardless
of laterality. Over a mean follow up of 33 mo, 4 patients
(17.4%) remained disease-free. The resection group
had a significantly greater 5-year survival rate (44.7%
vs 12.8%; P = 0.017). There was no operative mortality
or morbidity. The results from this retrospective study
indicate that pulmonary resection for oligo-recurrence is
safe and offers the chance for long-term survival.
Five patients in the resection group had prior extrapulmonary recurrence successfully treated with locoregional treatments (3 intrahepatic recurrences ablated
with RFA, 1 adrenal and 1 diaphragmatic recurrence
excised). Among the 19 patients who developed
recurrences after pulmonary resection, 13 received
further loco-regional therapy (pulmonary and extrapulmonary) to enhance disease control. From this series,
the notion of oligo-recurrence management was well
demonstrated.
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CONCLUSION
To date, experience in managing post-transplant
recurrence remains limited. Paucity of high level evidence
renders a systematic review or meta-analysis difficult.
We hereby propose a multi-disciplinary management
algorithm with a systematic approach based on centre
experience and best available evidence (Figure 1). The
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patient is jointly managed by the transplant surgeon,
physician, oncologist and radiologist. Following a
diagnosis of recurrence, immunosuppression is reviewed.
Immunosuppressants should be tapered to the lowest
effective dose protecting against rejection. mTOR
inhibitors are associated with anti-tumour effects and are
potentially beneficial to tumour control. The combination
of an mTOR inhibitor with a reduced calcineurin inhibitor
can be considered with close monitoring of graft function
and toxicity.
Comprehensive staging is mandatory due to the
systemic disease nature. Dual-tracer PET-CT is an
effective modality for staging. When contrast CT is
used, it is better coupled with a bone scan. The essence
of staging is to delineate the extent of disease. In
patients presenting with disseminated recurrence,
sorafenib may confer survival benefits but is associated
with significant drug toxicity and is generally poorly
tolerated. Dose reduction is frequently required. Patients
at risk of bleeding complications should be avoided
for the mTOR and sorafenib combination. In patients
with poor tolerance to sorafenib, enrolment into a
clinical trial may be beneficial. Disease progression is
monitored biochemically with the serum level of AFP
and radiologically with reassessment scans. Whenever
disease regression is evident, the patients should be
reviewed for the feasibility of loco-regional treatment.
Additional local control may be beneficial to overall
disease progression.
Oligo-recurrence encompasses recurrent disease
limited in number and location so that loco-regional
treatments convey disease control and survival benefits.
Intra-hepatic recurrence can be managed with graft
resection, but significant operative morbidity is expected.
RFA and SBRT are effective alternative strategies. In
patients with more advanced hepatic disease, regional
treatment with TACE or intra-arterial Yttrium-90 can
be considered. For patients with extra-hepatic oligorecurrence, loco-regional treatment can be considered if
practical. Patients with more than one site of recurrence
are not always contraindicated for curative treatments.
Surgical resection is effective for patients with pulmonary
oligo-recurrence, but adequate lung function is a prerequisite. SBRT is a non-invasive and effective modality
that conveys local control to pulmonary and skeletal
oligo-recurrences.
Recurrence of HCC after liver transplantation remains
a deadly disease with rapid progression. However, with
improved treatment modalities, long-term surviving
patients are more frequently observed. More aggressive
therapeutic strategies in selected patients with a limited
disease burden appear to provide more favourable
results than palliative measures. A multidisciplinary
team is a comprehensive and coordinated approach to
manage patients with post-transplant HCC recurrence.
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Abstract
AIM
To identify the effect of hydrogen-rich water (HRW) and
electrolyzed-alkaline water (EAW) on high-fat-induced
non-alcoholic fatty acid disease in mice.

Institutional animal care and use committee statement: All
Protocols were carried out according to relevant guidelines and
regulations.
Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
Mice were divided into four groups: (1) Regular diet
(RD)/regular water (RW); (2) high-fat diet (HFD)/RW;

Data sharing statement: No additional data are available.
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(3) RD/EAW; and (4) HFD/EAW. Weight and body
composition were measured. After twelve weeks,
animals were sacrificed, and livers were processed for
histology and reverse-transcriptase polymerase chain
reaction. A similar experiment was performed using
HRW to determine the influence and importance of
molecular hydrogen (H2) in EAW. Finally, we compared
the response of hepatocytes isolated from mice drinking
HRW or RW to palmitate overload.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is considered
the hepatic expression of metabolic syndrome, and in
most cases, it is associated with obesity, dyslipidemia,
[1]
diabetes, and insulin resistance . At present, NAFLD
is considered the most common liver disease affecting
[1]
20%-30% of the Western World’s population . The
spectrum of NAFLD ranges from simple, apparently
benign, hepatic lipid accumulation (simple steatosis)
[2]
to nonalcoholic steatohepatitis (NASH) . NASH is
characterized by inflammation and collagen deposition
[2]
(fibrosis) and may progress to hepatic tissue
[3]
damage (cirrhosis) . Generally, the disease remains
in the steatotic stage, characterized by an excessive
accumulation of triglycerides in the hepatocytes.
However, in about 5% to 10% of cases, the disease
will progress to NASH, and from there, 10%-25%
will develop cirrhosis with about 1% of those patients
[4]
progressing to hepatocellular carcinoma . The disease’s
pathogenesis is complex and multifactorial and involves
genetic and environmental factors, including altered
gut microbiome as part of the multistep pathogenic
[4]
NAFLD model . Insulin resistance is a key factor in the
disease onset resulting in increased hepatic de novo
lipogenesis (DNL), adipose tissue lipolysis, and inhibition
of free fatty acid (FFA) β-oxidation. The reaction of the
liver to intracellular lipid buildup results in a cascade of
events, including oxidative stress, mitochondrial and
[5]
endoplasmic reticulum dysfunction, and inflammation .
Lifestyle changes that promote weight loss improve
disease status; however, this is often difficult to maintain
[6]
in the long term . At present, there is no specific
pharmacological treatment for this disease as most
drugs indicated for NAFLD target secondary features of
the disease such as obesity, dyslipidemia, and insulin
[7]
resistance . Due to the high prevalence and increasing
NAFLD incidence coupled with the current treatment’s
ineffectiveness and health risks, the need for a simple
and safe alternative is warranted. Regardless of the
factors, NAFLD pathogenesis and progression are linked
to excessive oxidative stress and inflammation, the
[8]
attenuation of which may be a viable approach .
Hydrogen-rich and electrolyzed alkaline waters
(HRW and EAW, respectively) have been reported as
types of functional waters that may ameliorate various
[9]
disease conditions . EAW is produced via electrolysis of
water. At the cathode (equation 1), water is reduced to
hydrogen gas/molecular hydrogen (H2) and hydroxide
ions (OH ). The OH ions cause an increase in the
resulting water’s pH making it more alkaline. At the
anode (equation 2), water is oxidized to oxygen gas

RESULTS
EAW had several properties important to the study: (1)
pH = 11; (2) oxidation-reduction potential of -495 mV;
and (3) H2 = 0.2 mg/L. However, in contrast to other
studies, there were no differences between the groups
drinking EAW or RW in either the RD or HFD groups.
We hypothesized that the null result was due to low H2
concentrations. Therefore, we evaluated the effects of
RW and low and high HRW concentrations (L-HRW = 0.3
mg H2/L and H-HRW = 0.8 mg H2/L, respectively) in
mice fed an HFD. Compared to RW and L-HRW, H-HRW
resulted in a lower increase in fat mass (46% vs 61%),
an increase in lean body mass (42% vs 28%), and
a decrease in hepatic lipid accumulation (P < 0.01).
Lastly, exposure of hepatocytes isolated from mice
drinking H-HRW to palmitate overload demonstrated a
protective effect from H2 by reducing hepatocyte lipid
accumulation in comparison to mice drinking regular
water.
CONCLUSION
H 2 is the therapeutic agent in electrolyzed-alkaline
water and attenuates HFD-induced nonalcoholic fatty
liver disease in mice.
Key words: Hydrogen-rich-water; Nonalcoholic fatty
liver disease; Alkaline water; Metabolic syndrome;
Molecular hydrogen; High-fat diet
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this work, we compared the effects of
two functional waters: Electrolyzed alkaline water
and Hydrogen-rich water in a high-fat-diet-induced
nonalcoholic fatty liver disease (NAFLD) mouse model.
Hydrogen-rich water (HRW) has potential for NAFLD
treatment by attenuating hepatic lipid accumulation,
inflammation, and CD36 expression. However, neither
electrolyzed-alkaline water (EAW) nor HRW with a
low H2 concentration had protective effects on NAFLD.
Additionally, we demonstrated that H2 pretreatment has
a protective effect by modifying gene expression. The
results demonstrate that H2 has a surprisingly positive
impact in preventing NAFLD in mice and is also the key
agent responsible in EAW for these benefits.
Jackson K, Dressler N, Ben-Shushan RS, Meerson A, LeBaron
TW, Tamir S. Effects of alkaline-electrolyzed and hydrogenrich water, in a high-fat-diet nonalcoholic fatty liver disease
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(O2) and protons (H ). The increased hydrogen ion (H )
concentration makes the water acidic. EAW units have
a membrane that separates the cathode and anode
compartments, without which the resulting pH would be
neutral (equation 3).
Cathode reaction: 4H2O (l) + 4e → 2H2 (g) + 4OH (aq)
Equation 1
+
Anode reaction: 6H2O (l) + 4e → + O2 (g) + 4H3O (aq)
Equation 2
Overall reaction: 2H2O (l) → 2H2 (g) + O2 (g) Equation 3
EAW has been reported to have anti-obesity, anti[10-13]
oxidant, anti-diabetic, and hepatoprotective effects
.
However, the properties of EAW associated with
[11-14]
these beneficial effects have been debated
. EAW
exhibits a negative oxidation-reduction potential (ORP)
[11]
due to the dissolved hydrogen gas and high pH ,
which is expected according to the Nernst equation.
Nevertheless, H2 is not recognized by some researchers/
commercial companies as the principal therapeutic
[15]
agent in EAW .
H2 has recently been demonstrated to exert thera
peutic benefits in animal and human clinical studies
in ameliorating excessive inflammation and oxidative
[16]
stress . It was first confirmed to have therapeutic
[17]
potential in animals for cancer (hyperbaric chamber)
[18]
and ischemia-reperfusion (inhalation) in studies publi
shed in Science and Nature Medicine, respectively. H2’s
potential therapeutic effects have now been confirmed
in over 170 different human and animal-disease models
[19]
and in essentially every organ of the human body . H2
is nonpolar, hydrophobic, and the smallest molecule, thus
allowing it to quickly diffuse through cell membranes and
reach the mitochondria, nucleus, endoplasmic reticulum,
[20]
and other subcellular compartments . These properties
[21]
make it an attractive molecule for NAFLD treatment .
Although more research is needed to elucidate the
molecular mechanism(s) and optimal dosing for H2,
preliminary animal and human studies are promising.
Clinical studies of drinking hydrogen-rich water (HRW)
have demonstrated beneficial effects in several diseases
such as Parkinson’s disease, type II diabetes, rheumatoid
arthritis, mitochondrial myopathies, muscle fatigue,
metabolic syndrome, hyperlipidemia, liver inflammation
[19,22-30]
(hepatitis B) and others reviewed previously
. Clinical
studies involving metabolic and liver conditions further
support the potential benefits of hydrogen on NAFLD.
Several animal and cells studies concerning NAFLD
and hydrogen therapy have been reported using
[31]
different models. For example, one study
using
hydrogen-rich saline in a NAFLD rat model induced
with hyperglycemia and hyperlipidemia, found H2
significantly lowered levels of oxidative stress and
[31]
inflammation . In another study using a methioninecholine-deficient diet-induced NASH model, ingestion of
HRW significantly attenuated steatohepatitis to a degree
comparable to the drug pioglitazone and suppressed
hepatic tumorigenesis in a streptozotocin-induced
[32]
NASH-related hepatocarcinogenic mouse model .

WJG|www.wjgnet.com

Similar positive effects of H2 have also been reported
[33,34]
in other studies
. In the present study, we used a
different NAFLD animal model induced by a high-fat diet
(HFD) which is more relevant to human physiology.
We aimed to determine the influence of both
types of functional waters, EAW and HRW, on an HFDinduced-NAFLD model, and the importance of H2 as a
therapeutic factor in EAW. Furthermore, we investigated
if pretreatment with HRW could protect cells from
further exposure to a high-fat environment.

MATERIALS AND METHODS
Animal and animal care

Animal protocols were approved by the Israeli National
Committee for Animal Ethics and Welfare. In all
experiments, animals had ad libitum access to food and
water.

Electrolyzed water on NAFLD

Forty-eight C57bl/6J young male mice (three weeks
old, approximately 20 g) were obtained from Harlan
Laboratories (Israel). The mice were randomly
separated into conventional polycarbonate rodent cages
(six animals per cage) and fed a regular diet (RD),
which was a commercial purified control diet composed
of 17% calories from fat, 23% calories from protein,
and 60% calories from carbohydrates (TD 120455,
Harlan Laboratories, United States). Conventional
polycarbonate bottles with a stainless-steel cap were
put on the top of each cage. Cages were maintained at
23 ℃ ± 1 ℃ and 40%-60% humidity under a 12:12 h
light:dark cycle. During this time, animals were weighed
twice a week to check that there were no differences in
the initial growth rate.
After a 2-week acclimation period, mice were
divided into four groups (n = 12) according to the type
of diet and water: (1) RD/ Regular Water (RW); (2)
RD/EAW; (3) HFD/RW; and (4) HFD/EAW. Mice were
individually identified by ear punching. The HFD was
a purified commercial diet for inducing obesity (TD
06414, Harlan Laboratories, United States) and was
composed of 60.3% calories from fat, 21.3% from
carbohydrates, and 18.4% from protein. Formula and
specific components of both the RD and HFD are shown
in Table 1.
EAW was prepared with a Water Ionizer Batch
System (BTM-3000, BionTech, Korea). Commercial
mineral water (initial pH 7.8) was electrolyzed conti
nuously for 3 h, and the water at the cathode was
collected (pH 11 ± 0.48, ORP of -495 ± 27 mV, H2 ≈ 0.2
mg/L). The water was transferred to feeding bottles and
added to the mice’s cages. Fresh electrolyzed water was
prepared twice a week.
Body weight was measured weekly at 9 AM before
the morning feeding using an Ohaus Scout Pro 200
g scale (Nänikon Switzerland). Body composition: fat
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Table 1 Composition of the regular and high-fat diet
Ingredients

Ingredient concentration (g/kg)

Casein
L-cystine
High amylose corn starch
Maltodextrin
Sucrose
Anhydrous milkfat
Lard
Soybean oil
Cellulose
Mineral mix, AIN-93G-MX (94046) (g/kg)
Calcium phosphate, dibasic
Vitamin mix, AIN-93-VX (94047)
Choline bitartrate
TBHQ, antioxidant
Protein (% by weight)
Carbohydrate (% by weight)
Fat (% by weight)

mass (FM), fat-free mass (FFM), and extracellular fluid
were measured using time-domain nuclear magnetic
resonance (Minispec Analyst AD; Bruker Optics,
Silberstreifen, Germany) following a 12 h fast at the end
of the acclimation phase and during the experiment at
six and 12 wk.
At the end of the experimental period, animals were
sacrificed using inhaled isofluorane, and livers were
processed for histology and real-time polymerase chain
reaction (RT-PCR).

High fat diet

210.0
3.0
500.0
100.0
39.14
20.0
20.0
20.0
35.0
35.0
15.0
2.75
0.01
18.6
50.6
6.2

265.0
4.0
160.0
90.0
310.0
30.0
65.5
48.0
3.4
21.0
3.0
23.5
27.3
34.3

according to the reaction: Mg + 2H2O → Mg(OH)2 +
H2. The final pH of the solution reached ≈ 11.0 and
contained dissolved hydrogen at a concentration of
1.2 mg/L. The solution was then diluted with regular
water to make high (0.8 mg/L) and low (0.3 mg/L)
concentrations of HRW each at a pH of approximately
8.0.
Each solution was transferred to mice-feeding
bottles in which a new magnesium sachet was added.
Due to the alkaline pH of the water, the amount of H2
produced via the above reaction was minimal (the rate
of escape ≈ rate of production) but was enough to
maintain the low and high H2 concentration for 24 h.
Fresh HRW was produced every other day. The sachets
kept in the feeding bottles were rinsed with 5% acetic
acid followed by RW every time the water was changed.
The H2 concentration in water was measured daily.

Hydrogen-rich water on NAFLD

Twenty-Four C57bl/6J males (three weeks old, appro
ximately 20 g) were obtained from Harlan Laboratories
(Israel). Mice were separated into appropriate cages
and fed a RD for two weeks. After this acclimation
period, all animals were fed a HFD ad libitum. Mice
were then divided into three groups according to the
type of water: (1) Group 1 (control group) received
regular water; (2) the second group received hydrogenrich water at low concentration (L-HRW); and (3)
the third group received hydrogen-rich water at high
concentration (H-HRW). Mice were individually identified
by ear punching. Body weight, food consumption, and
fluid intake were measured weekly, and at the end of
the experiment, livers were processed for histology, RTPCR and quantification of total fat were done following
[35]
the protocol by Roopchand et al .

Determination of hydrogen concentration in water

The hydrogen concentration in water was determined
with H2Blue (H2Sciences Inc., United States), which is
a redox titration reagent composed of methylene blue
[36]
and a colloidal platinum catalyst .

Liver histology

After dissection, the liver was cut into small pieces,
immersed in 4% paraformaldehyde at room temperature
for 24 h, and then stored at 4 ℃ for 24 h. Samples were
dehydrated with ethanol and cleared with xylene and
embedded in paraffin. Five-micrometer sections were cut
and stained with Hematoxylin and Eosin (HE). Pictures
of 4-6 different fields per sample were taken under an
Axiovert40-CFL (Zeiss, Germany) microscope equipped
with a digital camera (AxioCam MRC, Germany).

Preparation and chemical properties of hydrogen-rich
water

HRW was prepared using a sachet made of a net cloth
containing metallic magnesium (Sigma, St. Louis, United
States; 98% turnings) and small natural stones. The
sachet was immersed in closed glass bottles containing
cold water (4 ℃) that was previously acidified to pH 2.0
with 37% hydrochloride acid (Sigma). The water was
vortexed for 1 h, during which time H2 was produced
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Regular diet

Real-time polymerase chain reaction

Total RNA was extracted using Tri-Reagent (T-9424,
SIGMA). One microgram of RNA from each sample was
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Table 2 Primers used in this study
Gene marker

Full name

Primer sequence (5'-3')

β-Actin

Beta-actin

GCCCTGGACTTCGAGCAAGA
TGCCAGGGTACATGGTGGTG
TGCTTGTCTCAC TGACCGGCC
TGGGGGTGAATTCAGTGTGAGCC
ACAACAGGCCTTATTCCGCT
CCCCAGTCATAGTGCTGCAA
CACCCTGTAGGTCACCGTTT
AGAACTCCCTGTCTCCGTCA
GACAGAGGAAGATGGCGTCC
TACAACTTCTGCTCGCTGGG
CGTCGTAGCAAACCACCAAG
AGCAAATCGGCTGACGGTG
ACTGTGGGGCCAGATGCAAGC
GGGGCTGAGTGTCCCACCAAC
TCACTCAGGTGCGGACATTC
TAGTCAGGGTGGACGTCAGT
TCTATACCACTTCACAAGTCGGA
GAATTGCCATTGCACAACTCTTT
GACGACACCAAAAGGGCTCA
GAGGCCATCTCTGCCATCA
CTCTGACAGGATTTGGGGTCAA
GTGCCCTTTTCTGAGCCGTA

β-2m

Beta-2 microglobulin

SOD2

Super oxide dismutase 2

SREBP-1c

Sterol regulatory element Binding protein

ACC1

CRP

Acetyl-CoA
Carboxylase
Tumor necrosis
Factor-alpha
C-Reactive Protein

CAT

Catalase

IL-6

Interleukin-6

Adipo

Adiponectin

AdipoR2

Adiponectin
Receptor 2

TNF-α

reverse transcribed into cDNA using the Verso cDNA
Synthesis Kit (Thermo Fisher Scientific). Quantitative
RT-PCR was performed in quadruplicate in 384-well
®
plates using the ABI Prism 7900HT sequence detection
system (Applied Biosystems). Each well contained 2 µL
of cDNA template (diluted X 20 after the RT reaction),
2.5 µL SYBR green (Bio-Rad, United States), and 0.25
µL each of both forward and reverse gene-specific
primers at 10 µmol/L (primers are listed in Table 2).
Beta-2 microglobulin (β2m) and β-Actin were used
as endogenous reference genes for normalization.
The thermal profile was 95 ℃ for 1 min followed by
40 amplification cycles of 95 ℃ for 15 s and 60 ℃ for
30 s. After that melting curve analysis was done. The
resulting Ct values were used to determine the relative
gene expression.

E medium (Sigma, St. Louis, United States) containing
10% fetal bovine serum (FBS) (Invitrogen, Carlsbad,
United States). Cells obtained from each mouse were
seeded in a different plate. After 3 h, the medium was
replaced with fresh medium without FBS, and the plates
were prepared for further processing.

Steatosis assay

Cells were exposed overnight to 0.3 mmol/L palmitateBSA conjugate or BSA as a control (in quadruplicate).
Preparation of the palmitate stock solution was carried
[39]
out as described previously . Briefly, 20-mM palmitate
(Sodium Palmitate, SIGMA) stock solution was prepared
in 0.01 mol/L NaOH by heating at 80 ℃. A 2 mmol/L
FFA-free BSA (Sigma) solution was prepared in ddH2O
and maintained at 37 ℃ in a water bath. A 4 mmol/L
FFA/1% BSA (5:1) solution was obtained by complexing
the appropriate amount of palmitate stock solution to
the BSA at 50 ℃ for another 15 min.
After overnight incubation with BSA-palmitate, the
medium was removed, and cells were stained with
[40]
Oil-Red-O to examine fat accumulation (steatosis) .
Plates were washed with cold phosphate-buffered saline
and fixed in 4% paraformaldehyde for 1 h. After two
changes of 70% ethanol, plates were rinsed in distilled
water and stained for 30 min by Oil-Red-O and then
placed to dry at room temperature. The stain collected
by the cells was then extracted with 100% isopropanol.
Steatosis was estimated according to the extracted
oil red concentration (determined by measuring the
absorbance at 520 nm). The steatosis percentage
was determined by dividing the average OD value of
experimental wells (treated with palmitate) by the
average OD value of control cells (treated with BSA
only) × 100. In each assay, two plates (HRW or RW)

In vitro experiments

Hepatocytes from mice that drank H-HRW or RW were
isolated by perfusion to test if consumption of H-HRW
had a long-term effect.
Twelve C57bl/6J male mice (three weeks old) were
obtained from Harlan Laboratories (Israel). Mice were
divided into two groups: (1) One that drank HRW (0.8
mg/L) and (2) the second that drank RW; both groups
were fed a regular diet. After four weeks, hepatocytes
(one mouse from each group) were isolated using
perfusion under anesthesia through the portal vein
[37]
according to Zhang et al .
The primary hepatocytes were isolated through a
two-step collagenase perfusion system as described in
[38]
a previous report . Isolated hepatocytes from each
6
mouse were seeded in 6-well plates (10 cells/wells)
for measuring gene expression, and in 12-well plates
(200000 cells/well) for the steatosis assay in William’s
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Figure 1 Effect of electrolyzed-alkaline water on body weight and composition. A: Body weight (n = 12, mean ± SD) cshows significant diference between
high-fat and regular diets. Mann Whitney and Kruskal-Wallis cP < 0.001); B and C: Ventral view of dissected mice after 12 wk of the experiment. Black arrow:
Retroperitoneal fat pads; white arrow epididymal fat pad. Insert: Fresh dissected liver. RW: Regular water; EAW: Electrolysed alkaline water; RD: Regular diet; HFD:
High fat diet.

were processed in parallel.

Gene expression

and showed a clear and homogeneous texture. Livers
from mice fed an HFD were light brown and showed a
heterogenic flocculent texture. There was no difference
in the weight of mice drinking RW or EAW in either
group.
Body composition measurements based on NMR
are shown in Figure 2. After 12 wk on different diets,
the mice fed a HFD contained more fat (21.7 g ± 2.5
g) than RD mice (8.1 g ± 1.7 g. (P < 0.001). However,
FFM was similar in both groups (16.5 g ± 0.8 g and
15.1 g ± 1.2 g in RD and HFD, respectively). EAW did
not affect body composition of mice in either the RD or
the HFD group.

6

Six-well plates containing 1 × 10 cells were used.
The cells were exposed to 0.3 mmol/L bovine serum
albumin-palmitate conjugate for 4 h, after which RNA
was extracted from cells as described above.

Statistical analysis

Data are expressed as mean values ± SD. Data were
analyzed by Kruskal-Wallis nonparametric test followed
by a Mann-Whitney nonparametric test. A P-value
≤ 5% is considered statistically significant. The data
were analyzed using the SPSS version 24 (SPSS Inc.,
Chicago, IL, United States). The statistical methods of
this study were reviewed by Ms. Adi Sharabi-Nov of Tel
-Hai Academic College.

EAW water effects on liver histology

The HE stained sections from livers are shown in Figure
3. Most of the liver parenchyma of HFD mice (Figure
3C and D) was steatotic with many enlarged cells,
which were distributed among the remaining normal
parenchyma. The enlarged hepatocytes showed microand macrovesicular steatosis. RD-fed mice presented
liver parenchyma with no signs of steatosis (Figure 3A
and B). EAW water did not affect the liver histology in
the RD group or the HFD group.

RESULTS
Effect of EAW on body weight and composition

Water and food intake were measured for the entire
group (n = 12) and calculated for each mouse once per
week. As expected, mice fed an HFD showed a highcalorie intake when compared to mice fed chow (10.65
kcal/mouse/d vs 8.30 kcal/mouse/d, P < 0.01). Daily
water intake was similar in mice drinking RW and EAW
(2.49 mL/ mouse).
Mice fed an HFD had higher body weights compared
to RD mice. Significant body weight differences were
observed from the fifth week until the end of the
experiment (Figure 1). At the end of 12 wk, the weight
was 72% greater in HFD mice than in RD mice (P <
0.001). The differences in final body weight were due
to an increase in fat mass. Larger retroperitoneal and
epidydimal fat pads were detected in HFD mice. The
HFD also affected liver morphology. Livers from mice
maintained on a regular diet were dark red/brown
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Effect of HRW on NAFLD development

To evaluate the impact of HRW on NAFLD, we used
mice fed an HFD only. Mice were separated into three
groups according to the type of water. Control group
received RW, and experimental groups received HRW
at either low (HRW-L, 0.3 mg/L) or high (HRW-H,
0.8 mg/L) concentration. After 12 wk, mice were
sacrificed, and liver histology and gene expression were
analyzed. Body weight and composition were measured
throughout the experiment.

Water and food consumption

Average water consumption was significantly higher
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Figure 2 Body mass composition fat, free fatty mass and fluids of mice at different groups (n = 12) before the beginning of the experiment (up) and after
12 wk (down). Data are expressed as mean ± SD. Different letters show significant difference in fat content (Mann Whitney and Kruskal-Wallis aP < 0.05). RD/RW:
Regular diet/regular water; RD/EAW: Regular diet/electrolysed alkaline water; HFD/RW: High fat diet/regular water; HFD/EAW: High fat diet/electrolysed alkaline
water.

for H-HRW group (8.83 mL/mouse/d) than for L-HRW
group (3.66 mL/mouse/d), and control group (3.34
mL/mouse/d, P = 0.012). However, the differences
in water consumption did not affect appetite and food
consumption. All three groups had the same caloric
intake consisting of 9.99 kcal/mouse/day for the control
group, 9.38 kcal/mouse/day for L-HRW group, and 10.5
kcal/mouse/day H-HRW group (P = 0.505).

livers of mice in the H-HRW group and control group
that achieved final weights of 35.5 g and 35.9 g,
respectively. The liver in the control group has visible
steatosis, mainly at the periphery of the lobule. In
contrast, the liver sections of the H-HRW group hardly
developed fat inclusions. Figure 5C and D shows mice
livers in the H-HRW group and control group weighing
40.0 g and 40.9 g, respectively. Although both livers
are steatotic, the steatosis of the control group is visibly
more pronounced. The hepatocytes show microvesicular
steatosis at acinar zones 2 and 3; macrovesicular
steatosis is most concentrated at zone 1. In contrast,
the liver of H-HRW group is characterized by only
mild steatosis, mainly at zone 1, and the beginning of
microvesicular steatosis at zones 2 and 3.

Body weight and body composition

All three groups gained weight during the experiment;
however, the H-HRW gained less weight compared to
the two other groups (P = 0.0567).
Body composition was significantly affected by HFD.
As expected, the total body mass of the three groups
increased, mainly due to the addition of fat mass.
However, mice in the H-HRW group showed a smaller
increase in fat tissue when compared to the other two
groups (p = 0.002). At the end of the experiment, mice
in the H-HRW group showed a body composition of
46% fat mass and 42% lean body mass, compared to
61% fat mass and 28% lean body mass of the control
group. There were also no differences in body water
content among the three groups (Figure 4). Since the
body mass composition of mice in the L-HRW group
was similar to the control group, no further analysis of
the L-HRW group was performed.

NAFLD-related genes expression

The effect of HRW on the expression of several genes
involved in NAFLD development compared to control
is shown in Table 3. Acetyl CoA oxidase (ACOX), a
gene related to lipid metabolism, was significantly
up-regulated (P < 0.05), while others (such as
carnitine palmitoyltransferase 1 (CPT1) and acetylCoA carboxylase), did not change significantly. HRW
consumption did not alter the expression of the lipogenic
enzymes SREBP1-c, fatty acid synthase (FAS) or acetylCoA carboxylase (ACC1). The most significant change
was in the expression of CD36, which was markedly
reduced in the H-HRW group (P = 0.028). Additionally,
while the expression of adiponectin receptor 2 (AdipoR2)
did not change significantly, a significant increase in
adiponectin expression was detected (P = 0.022).
Genes related to oxidative stress [such as catalase
(CAT) and superoxide dismutase (SOD)] did not change
significantly; however, the inflammatory gene tumor
necrosis factor (TNF)-α, but not interleukin (IL)-6 was
significantly down-regulated. However, when the gene
expression was measured after overloading with 0.3
mmol/L BSA-palmitate for 4 h, TNF-α and IL-6 were

Liver fat content and histology:

Mice that drank H-HRW water accumulated significantly
(P < 0.01) less hepatic lipids (30.49 mg ± 4.3 mg/300
mg tissue) in comparison to mice that drank RW
(48.24 mg ± 6.0 mg/300 mg tissue). This result is
corroborated by the histological sections.
Figure 5 shows liver H&E sections of the control
group and H-HRW group (two mice from each group,
the heaviest and lightest). Each pair of pictures shows
the livers of mice of the two different groups that
reached a similar total weight. Figure 5A and B show
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Table 3 Expression of genes relevant to nonalcoholic fatty liver disease
Gene
IL-6
TNF-α
SREBP-1c
ACOX
CD36
CPT1
ACC2
ACC1
FAS
SOD
Cat
AdipoR2
Adipo

RW

P value

HRW

M

Sd

M

Sd

1.10
1.19a
1.04
1.04a
1.06a
1.08
1.12
1.06
1.09
1.04
1.04
1.01
0.92a

0.46
0.36
0.19
0.21
0.28
0.37
0.50
0.14
0.42
0.17
0.21
0.22
0.29

1.17
0.68b
1.02
1.31b
0.71b
1.43
1.05
1.13
1.42
0.96
1.12
1.14
1.32b

0.26
0.22
0.30
0.25
0.06
0.40
0.23
0.17
0.36
0.08
0.24
0.28
0.38

0.26
0.02
0.87
0.04
0.02
0.14
0.64
0.13
0.29
0.86
0.80
0.23
0.004

Each value is the average of 8 mice after normalization with keeping genes (β2m, β-actin). Statistically significant difference marked by different letters P <
0.05 (Kruskal-Wallis, Mann Whitney test). Regular water or hydrogen-rich water.

A

B

C

D

Figure 3 Histological sections stained by hematoxylin eosin of livers from mice fed regular diet and regular water (A), regular diet and electrolyzed
alkaline water (B), high fat diet and regular water (C), high fat diet and electrolyzed alkaline water (D). Note the prominent steatosis in mice fed on high-fat diet.
Microvesicular inclusions (big arrow), macrovesicular inclusion (small arrow).

both significantly down-regulated (P = 0.036 and P =
0.002, respectively) as shown in Table 4.

mice that drank HRW (44.0% ± 18.6%) compared to
hepatocytes from mice that drank regular water (52.8%
± 20.9%).

Long-term influence of HRW on hepatocytes

To investigate the long-term effects of HRW on
hepatocytes, we extracted cells from different mice
drinking either HRW or regular water and compared
the fat accumulation after exposing them overnight to
0.3 mmol/L BSA-palmitate in vitro. There was less fat
accumulation (P = 0.057) in the hepatocytes from the
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DISCUSSION
The high prevalence of NAFLD and the lack of safe and
effective treatments have resulted in the search for
natural alternative methods. The claims of purported
functional waters for human health have increased in
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Table 4 Expression of genes relevant to nonalcoholic fatty liver disease from hepatocytes isolated from mice drinking regular water
or hydrogen-rich water after palmitate overloading in vitro
RW
TNF-α
IL-6
CRP
SREBP-1c
ACC1
SOD
AdipoR2
Adipo

HRW

M

Sd

M

Sd

P value

9.16a
3.2a
0.96
0.96
0.84
1.07
0.80
1.00

1.90
0.87
0.28
0.12
0.18
0.34
0.08
0.30

5.71b
2.24b
1.20
1.05
0.86
1.30
0.78
0.79

4.59
0.64
0.34
0.19
0.14
0.56
0.18
0.30

0.036
0.002
0.065
0.196
0.902
0.184
1.000
0.097

Each value is the average of hepatocytes obtained from 4 different mice after normalization with keeping genes (β2m, β-actin). Statistically significant
difference marked by different letters (Kruskal-Wallis, Mann Whitney test).

negative ORP but with only trace amounts of H2. Due to
the non-detectable differences between EAW and RW
on body weight or liver parenchyma in either the RD or
HFD groups, we did not perform any further analysis
(such as gene expression or inflammatory markers).
In contrast to the H2 concentration in EAW, our
method for HRW preparation allowed us to maintain
the H2 concentration. However, L-HRW was also not
efficient, but H-HRW was significantly effective at
preventing the HFD-induced increase in fat tissue and
hepatic lipid accumulation while increasing the amount
of lean body mass compared to the control group. We
also found that H-HRW significantly abolished the fat
inclusions in liver sections, contained fewer triglycerides,
and suppressed micro- and macrovesicular steatosis
compared to the control. The suppression of fat gain
by H-HRW may be attributed to hydrogen’s ability
to induce the hepatic hormone fibroblast growth
factor-21 (FGF21), which causes an increase in energy
[43]
expenditure . Indeed, administration of FGF-21 can
[44]
improve obesity and reverse hepatic steatosis . In
their study, H2 water similarly attenuated HFD-induced
fatty liver and weight gain in both wildtype and db/db
[43]
mice. It also reduced hepatic oxidative stress .
To understand the mechanism by which H2 affects
NAFLD, we measured the expression of several
essential genes related to the disease, including those
genes related to oxidative stress, lipid metabolism,
and inflammation. From the enzymes related to lipid
metabolism, only peroxisomal fatty acyl-CoA oxidase
(ACOX) showed significant differences. ACOX is one of
the first enzymes in the metabolism of lipids and is a
rate-limiting enzyme for beta-oxidation of very-longchain fatty acids in peroxisomes. The participation of
[45]
ACOX in suppressing NAFLD is essential. Fan et al
found that lack of ACOX expression in homozygous
(ACOX-/-) mice resulted in liver steatosis, and Kohjima
[46]
et al found that in humans with NAFLD, its expression
was increased two-fold, most likely to compensate
for the increase in lipid accumulation. We found that
mice that drank HRW showed a significant increase in
ACOX expression, which would help enhance fatty acid
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Figure 4 Body mass composition: Fat, fluids and free fatty mass at
weeks 1 (first three columns) and 12 (last three columns), (n = 8). Data
are expressed as mean ± SD. Different letters show a significant difference in
fat content (Mann Whitney and Kruskal-Wallis P < 0.05). RW: Regular water;
HRW-I: Hydrogen-rich water low concentration; HRW-h: Hydrogen-rich water
high concentration).

recent years; however, many of these claims are not
supported by the scientific literature. Therefore, our
study used mice fed a HFD to determine and compare
the potential effects of two claimed functional waters
(EAW and HRW). We focused on the early stages of
NAFLD, a disease associated with obesity and insulin
resistance, which has become the leading cause of liver
disease affecting adults and children worldwide.
As expected, mice fed a HFD gained significantly
more weight (72%) as fat mass with accompanying
liver steatosis compared to mice fed a RD. However,
[13]
contrary to previous findings, using EAW , our results
found no differences in body weight or liver histology
between the regular water group and the EAW group.
EAW was prepared by continuous electrolysis (3 h)
to optimize its properties (such as pH, ORP, platinum
[14,41,42]
nanoparticles) according to previous protocols
.
The resulting water had a high stable pH (11) and
a high negative ORP (-495 mV). However, the H2
concentration in water was only 0.2 mg/L. In this way,
mice drinking EAW received high alkaline water with a
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A

B

C

D

Figure 5 Histological sections of livers (HE) of mice fed a high-fat diet for 12 wk. A and C: Hydrogen-rich water (HRW) group; B and D: Regular water (RW)
group. Each row shows sections of different mice that reached a similar weight at the end of the experiment. Note the pronounced steatosis in mice that drank RW in
compare to mice of the same weight that drank HRW. Insert detail of each section. Bar = 200 µm HWR: Hydrogen-rich water; RW: Regular water.
[50,51]

oxidation, compared to the control group. The increase
in ACOX expression is mediated by the transcription
[46]
factor peroxisome proliferator-activated receptor ,
[31,43]
which can be upregulated by H2
.
Fatty acid translocase-36 (CD36), also known
as FAT (fatty acid translocase), is a member of the
scavenger receptor family and is involved in low-density
lipoprotein, long chain fatty acid, and phospholipid
[47]
oxidation . CD36 expression in normal livers is
relatively low; however, it was demonstrated that an
increase in CD36 expression is related to a HFD, liver
[48]
steatosis, and NAFLD. Wilson et al
showed that
CD36 deletion in mice fed a HFD reduced their liver
lipid contents and induced insulin resistance, while
specific induction of CD36 transport in livers led to
[49]
hepatomegaly and fatty liver . In our study, HRW
significantly caused downregulation of CD36 mRNA
expression. Suppression of fatty acid uptake and lipid
accumulation in Hep G2 cells overloaded with palmitate
through CD36 downregulation at the protein level
[33]
has been reported to have been induced by HRW ;
however, contrary to our work, the downregulation was
[33]
only detected at the protein but not the mRNA level .
HRW also influenced the expression of other
genes related to de novo fatty acid synthesis (such as
ACC1, FAS), which are upregulated in NAFLD, and the
carnitine palmitoyltransferase 1 gene, which is usually
[46]
downregulated in NAFLD . Another factor affecting
NAFLD is adiponectin, which is a peptide mainly released
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by adipocytes but also can be released by liver cells
.
When adiponectin binds to its receptor (AipoR2) in
the liver, it affects intracellular signaling (resulting in
a decrease in de novo lipogenesis) and FFA influx by
causing downregulation of CD36 expression and increase
[52]
in FFA oxidation . In addition to those metabolic effects,
adiponectin also has anti-inflammatory actions via
inhibition of TNF-α expression through the nuclear factor[53]
κB pathway . In our study, we found that mice that
drank HRW showed an increase in the mRNA expression
of adiponectin and a decrease in the mRNA expression of
TNF-α. The reduction in TNF-α mRNA expression caused
[32]
by H2 in a similar model has been previously reported .
In a double-blinded, human crossover study, drinking
[23]
HRW for eight weeks also increased adiponectin levels .
We did not detect an increase in the mRNA ex
pression of the antioxidant enzymes SOD and CAT
in the HFD groups that drank RW or HRW. However,
NAFLD mice already have higher levels of SOD and CAT
that are required to help neutralize the enhanced HFD[46]
induced reactive oxygen species (ROS) production .
Although many H2 studies have reported increased
levels of these antioxidants via activation of the Nrf2
[19]
pathway (reviewed here ), in some cases, H2 causes a
decrease in their levels because it mitigates their need
[54-58]
by attenuating the assault
. Thus, HRW may have
attenuated some ROS by mitigating the HFD-induced
damage, which reduced the need for higher antioxidant
levels.
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searching for novel, safe, and effective methods to prevent and treat NAFLD.
For many years there have been many claims about healthy functional
waters including alkaline ionized water, also known as electrolyzed reduced
water. Some of those claims suggest it is beneficial for obesity and metabolic
disturbances. However, there is a paucity of scientific data on this electrolyzed
water, but significant noise and claims by commercial companies marketing
and selling it. There are untenable claims about the benefits of high pH, alkaline
water, or the oft claimed, albeit impossible, microclustering/structuring of the
water. Strong claims have also been made regarding the water’s negative
oxidation-reduction potential. However, electrolysis of water does produce
hydrogen gas at the cathode, and H2 gas does produce a negative oxidationreduction potential (ORP). Interestingly, biomedical investigations of molecular
hydrogen have demonstrated that this small molecule does have therapeutic
potential. Perhaps electrolyzed alkaline water does have beneficial effects, but
they are not due to its high alkaline pH or other impossible properties, but due
to the presence of dissolved H2 gas produced during electrolysis. Additionally,
molecular hydrogen may be an important molecule to combat against NAFLD.

In the in vitro study, we checked for a residual effect
resulting from drinking HRW that could be reflected
in hepatocytes overloaded with palmitate in vitro. We
compared the function of hepatocytes isolated from
mice that were fed regular chow and drank HRW
to mice that drank regular water. It has previously
been demonstrated that hepatocytes respond to
palmitate overload by increasing steatosis and cytokine
[59]
production . Interestingly, hepatocytes from mice
that drank HRW showed less fat accumulation and
significantly lower mRNA expression of the cytokines
TNF-α and IL-6. Therefore, drinking HRW for four
weeks before exposure to palmitate appeared to confer
hepatocyte protection to palmitate overload in vitro,
which may partly be explained by HRW’s effects on proinflammatory cytokine gene expression. This residual
effect was sustained for at least 24 h after animals
were sacrificed. A similar result was demonstrated
in hydrogen preconditioning of ex vivo lung grafts, in
[60]
which it improved post-transplant graft function .
Our study demonstrates that the functional water,
HRW, may have the potential for the prevention of
NAFLD by attenuating HFD-induced increases in fatty
tissues, lipid accumulation in the liver, inflammation,
and CD36 expression. However, neither EAW nor
L-HRW had beneficial protective effects. This result
also confirmed the importance of H2 as the therapeutic
agent in these waters. Effectively, all three waters could
be considered HRW at different concentrations. EAW
still had a negative ORP due to the presence of H2,
whereas L-HRW only contained 0.3 mg/L, and H-HRW
contained 0.8 mg/L. However, the mice in the H-HRW
group drank nearly three times more water than L-HRW
or control. Due to the higher volume of consumed water
and higher concentration, the actual dose of H2 per
day in the H-HRW group would have been significantly
more (≈ eight times) than what was ingested in the
L-HRW group. It is unknown why mice in the H-HRW
group ingested nearly 3 times more water. Perhaps the
magnesium/water reaction continued to elevate the pH
after our initial measurements, which may then result
in an increased thirst sensation. Acidic beverages are
generally considered more satisfying to quench thirst
than those of higher pH. Additionally, we demonstrated
that H2 pretreatment had a residual protective effect
by modifying gene expression and conferring future
cytoprotection. H2 is already in use without any reports
of known side effects. However, more research is
needed to determine the benefits and optimal dosing
to be recognized as a conventional therapy for the
prevention and treatment for NAFLD.

Research motivation

We first wanted to examine if the claimed functional water, electrolyzed alkaline
water, could exert therapeutic effects on a mouse model of NAFLD induced by
a high-fat diet. We also wanted to compare these results to water with a similar
and a greater concentration of molecular hydrogen. This would allow us to know
if electrolyzed water has any beneficial effects on NAFLD, and the importance
of molecular hydrogen in that water. Additionally, if molecular hydrogen was
shown to be therapeutic as previous studies suggest, then it would add to the
body of literature lending support for more research.

Research objectives

To determine the effects of H2 water in preventing NAFLD development under
an obesogenic diet. This is the first step to understanding the efficacy of this
approach for preventing and treating the disease.

Research methods

In this research mice under an obesogenic high fat diet were used for developing
NAFLD. Control mice ingested regular water while the experimental consumed
two types of hydrogen-rich water produced in two different ways: via electrolysis
with an alkaline water ionizer or via a chemical reaction between water and
metallic magnesium. General parameters as food and water consumption, body
weight and composition were measured during the experiment. In the end, livers
were sampled for histology and gene expression measuring by means of RTPCR. In the in vitro experiment hepatocytes obtained from mice drinking either
regular water or H2-rich water were exposed to a high-fat environment in order to
check the residual protective effects of H2-rich water.

Research results

This study demonstrated the positives effects of H2-rich water on NAFLD. Mice
fed a high-fat diet that were drinking H2-rich water showed less weight gain,
more lean body tissue, less steatosis, and better liver histology when compared
to the control group. It was also demonstrated that electrolyzed water with a
high pH, -ORP, but a low H2 concentration did not result in any improvement.
Hepatocytes derived from mice drinking H2-rich water were more resilient
to palmitate overload in vitro when compared to hepatocytes obtained from
mice drinking regular water. H2-rich water positively affected the expression of
several NAFLD related genes. However, the mechanism of action of H2-rich
water needs further investigation.

Research conclusions

This study demonstrated that the H2 dissolved in water is the therapeutic agent
in functional waters since electrolyzed water with a high pH and a negative
ORP did not show any effect on preventing the development of NAFLD.
Apparently, H2 works at a molecular level since it changed the expression of
specific genes related to the disease. This study also demonstrates a long-term
protective effect of H2 in an in vitro experiment. Functional water rich in H2 could
be a preventive agent in NAFLD. The Therapeutic aspect of H2 still need to be
elucidated and the optimum dosage determined.
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Research background

Nonalcoholic fatty liver disease (NAFLD) is a major growing metabolic
health condition. Conventional pharmaceuticals and drugs are not effective
in preventing or treating this disease condition. There is a deep interest in
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H2-rich water is already consumed by humans without any contraindication,
which makes it a good candidate for future human clinical studies on NAFLD
patients.
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the animals most closely related to humans and have
advantages over non-primates as an animal model of
RV diarrhea, so development of a nonhuman primate
animal model of RV infection is needed to ensure the
effectiveness and safety of these vaccines. Our current
study has indicated that RV SA11 can lead to obvious
diarrhea and pathological changes in the intestine of
neonatal rhesus monkeys. The RV infection model we
established is useful for us to further investigate the
RV infection mechanism and the associated immune
mechanisms in human infants and evaluate the cross
protection of potential HRV vaccine candidates.
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Abstract
AIM
To establish a rotavirus (RV)-induced diarrhea model
using RV SA11 in neonatal rhesus monkeys for the
study of the pathogenic and immune mechanisms of
RV infection and evaluation of candidate vaccines.
METHODS
Neonatal rhesus monkeys with an average age of
15-20 d and an average weight of 500 g ± 150 g
received intragastric administration of varying doses of
7
6
5
SA11 RV ( 10 PFUs/mL, 10 PFUs/mL, or 10 PFUs/mL,
10 mL/animal) to determine whether the SA11 strain
can effectively infect these animals by observing their
clinical symptoms, fecal shedding of virus antigen by
ELISA, distribution of RV antigen in the organs by
immunofluorescence, variations of viral RNA load in the
organs by qRT-PCR, histopathological changes in the
small intestine by HE staining, and apoptosis of small
intestinal epithelial cells by TUNEL assay.

Yin N, Yang FM, Qiao HT, Zhou Y, Duan SQ, Lin XC, Wu JY,
Xie YP, He ZL, Sun MS, Li HJ. Neonatal rhesus monkeys as
an animal model for rotavirus infection. World J Gastroenterol
2018; 24(45): 5109-5119 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i45/5109.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5109

INTRODUCTION
As the primary cause of severe acute gastroenteritis in
infants and young children, rotavirus (RV) is one of the
[1]
most important causes of pathogenicity worldwide .
RV infection can result in vomiting, fever, severe
dehydration, diarrhea, and even death. Over 200000
infants and young children die each year due to RV
infection worldwide, and low-income countries are
[2]
disproportionately affected .
There are currently no specific drugs for the treat
[3]
ment of diarrhea caused by RV infection ; therefore,
the development of safe and effective vaccines to control
[4-7]
RV infection is particularly important . Furthermore,
an effective animal model of RV infection is needed to
ensure the effectiveness and safety of these vaccines.
Nonetheless, some progress has been made in the
development of animal RV models, and have included
gnotobiotic piglets, calves, lambs, suckling mice, and
rabbits. While RV infection in calves and lambs results
[8-10]
in mild clinical disease
, gnotobiotic piglets are more
susceptible to RV infection, since their immune system
more closely resembles that of a human infant, and
[11-13]
the period of susceptibility is very long
. However,
breeding conditions for gnotobiotic piglets are quite strict
and their cost is prohibitively high, restricting the study of
RV infection in these animals. Suckling mice and rabbits
[14-18]
have also been used to study RV infection
and
they have strong reproductive abilities and are easy to
maintain; however, these animal models have a distant
evolutionary relationship with humans, which can limit
the ability of data obtained from these animal models
to improve the understanding of the pathogenesis of RV
infection in humans. Therefore, developing models using
non-human primates, the species more closely related to
[19-23]
humans, is necessary
.

RESULTS
The RV monkey model showed typical clinical diarrhea
8
symptoms in the 10 PFUs SA11 group, where we
observed diarrhea 1-4 d post infection (dpi) and viral
antigen shed in the feces from 1-7 dpi. RV was found
in jejunal epithelial cells. We observed a viral load of
3
approximately 5.85 × 10 copies per 100 mg in the
5
jejunum at 2 dpi, which was increased to 1.09 × 10
copies per 100 mg at 3 dpi. A relatively high viral load
was also seen in mesenteric lymph nodes at 2 dpi and
3 dpi. The following histopathological changes were
observed in the small intestine following intragastric
administration of SA11 RV: vacuolization, edema, and
atrophy. Apoptosis in the jejunal villus epithelium was
also detectable at 3 dpi.
CONCLUSION
Our results indicate that we have successfully established
a RV SA11 strain diarrhea model in neonatal rhesus
monkeys. Future studies will elucidate the mechanisms
underlying the pathogenesis of RV infection, and we
will use the model to evaluate the protective effect of
candidate vaccines.
Key words: Rotavirus; Neonatal rhesus monkey; Animal
model; Infection; Diarrhea
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Rotavirus (RV) is one of the main pathogens
responsible for severe diarrhea in children under 5
years of age. Vaccine-induced immunity is an effective
way to block RV disease. Nonhuman primates are
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The SA11 strain is a simian RV strain, obtained
[24]
from an asymptomatic vervet monkey in vitro . As
described before, the SA11 strain can infect not only
non-human primates, such as chimpanzee, macaque
[20,21]
(cynomolgus monkey and rhesus monkey)
, but also
[14]
[25]
other non-primates, such as mice . Petschow et al
inoculated five newborn cynomolgus monkeys with the
simian RV strain SA11, and detected SA11 in feces of
three monkeys for up to 2 d after inoculation. In this
study, we infected the neonatal rhesus monkeys with RV
SA11 through oral gavage to establish an RV diarrhea
8
model. Our data indicated that 10 plaque forming units
(PFUs) of SA11 can infect intestinal villous epithelial
cells in neonatal rhesus monkeys, and result in obvious
pathological changes in the small intestine as well as
clinical symptoms including diarrhea. Together, these
findings indicate that the neonatal rhesus monkey could
be used as an animal model for RV infection, providing
a powerful tool for further study of the pathogenesis of
RV and the associated immune mechanisms in human
infants and evaluation of RV vaccines.

with horseradish peroxidase (HRP) was used to detect
RV antigen at a dilution of 1:2000 (v/v) in PBS at 37 ℃
for 1 h. All ELISA plates were developed using TMB
(TIANGEN, PA107-01) to generate a colorimetric reaction
and terminated with 2 mol/L H2SO4. The absorbance was
read on a universal microplate reader (El × 800, BioTek, United States) at 450 nm and 630 nm. A serum
specimen was determined to be positive if the OD value
was less than or equal to two times the average OD
value of the negative control. The neutralization titers
were defined as the highest dilution.

Cells and virus

MA104 cells were maintained in MEM supplemented with
10% fetal bovine serum (Gibco, 16000-044) and grown
2
to a confluent monolayer in roller bottles (850 cm )
(CORNING, 430849). The RV strain used in this study
was standard strain SA11 (G3P[2]) that was originally
isolated from a monkey. Prior to infection, SA11 was
activated with 20 μg/mL trypsin (Gibco, 15090-046) at
37 ℃ for 45 min. Infected cultures were harvested by
freezing at -20 ℃ and thawing at room temperature,
followed by centrifugation at 8873 g for 20 min. The
7
[26]
harvested virus titer reached 10 PFUs/mL .

MATERIALS AND METHODS
Ethics statement and experimental animals

The experimental animals in this study were provided
by the Primate Experimental Center of the Institute of
Medical Biology, Chinese Academy of Medical Sciences.
A total of 12 healthy neonatal rhesus monkeys with
an average age of 15-20 d and an average weight
of 500 g ± 150 g were randomly divided into three
experimental groups and a control group, each with
three monkeys. The experimental animal procedures
were performed in accordance with the guidelines of the
Institutional Animal Care and Use Committee (IACUC)
of the Institute of Medical Biology, Chinese Academy
of Medical Sciences. A neutralizing antibody test was
conducted to confirm that the monkeys did not have
antibodies against RV SA11 prior to the study. All of the
animals were housed in a separate incubator one week
before the initiation of the experiment.

Inoculation of neonatal rhesus monkeys with SA11

The neonatal rhesus monkeys were inoculated with
8
7
6
varying doses of RV SA11 (10 /10 /10 PFUs/monkey) or
10 mL medium without serum via oral gavage (Supple
mentary Table 1). After the infection, each neonatal
rhesus monkey was housed alone in the incubator.

Fecal sample collection and processing

From 0 to 14 d post infection (dpi), the infected
neonatal rhesus monkeys were monitored once daily
for clinical signs, such as mental status, weight, body
temperature, and hair, and diarrhea situation. The
fecal samples were collected in a fecal collector by
gently pressing the abdomen of the neonatal rhesus
monkeys every day. According to the color, hardness,
and quantity of the feces, diarrhea was scored from 1
[11,15]
to 4 points
, and > 2 points were considered to be
indicative of diarrhea. The fecal sample was suspended
in 10% (s/v) cold PBS, followed by centrifugation at
8873 g for 20 min, after which the supernatant was
collected and stored at -80 ℃ for the subsequent study.
8
At 2 and 3 dpi, one monkey that was infected with 10
PFUs of SA11 or medium without serum was killed by
electric shock with anesthesia. Two aliquots of each
tissue sample, including the heart, liver, spleen, lung,
kidney, intestine (duodenum, jejunum, and ileum), and
brain, were harvested. One sample was stored in liquid
nitrogen and the other was fixed in 10% formalin.

Neutralization test

The activated RVs were adjusted to 1000 PFUs/100 μL in
serum-free MEM. The serum samples were diluted from
1:10 to 1:1280 in 100 μL serum-free MEM. The diluted
RVs and serum samples were mixed with each and
incubated at 37 ℃ for 1 h. The mixtures were transferred
to the 96-well plates covered with a confluent monolayer
of MA104 cells and were cultured at 37 ℃ for 5 d. The
cultures were completely transferred to the wells of
the ELISA plate coated with a goat anti-RV polyclonal
antibody (Millipore, AB1129) and blocked with 3% (w/v)
BSA (Biosharp, BS043D). The cultures were inoculated
at 37 ℃ for 1 h. A rabbit anti-RV polyclonal antibody
(prepared by the Department of Molecular Biology,
Institute of Medical Biology, Chinese Academy of Medical
Science and Peking Union Medical College) conjugated
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The wells of the ELISA plate were coated with a goat
anti-RV polyclonal antibody (Millipore, AB1129) diluted
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at 1:1000 (v/v) in carbonate-bicarbonate buffer
overnight at 4 ℃. Then, the plates were blocked with
3% (w/v) BSA (Biosharp, BS043D) in PBS at 37 ℃
for 2 h. The fecal samples (100 µL/well) were serially
two-fold diluted (dilution range from 1:2 to 1:4096)
and incubated at 37 ℃ for 1 h. After washing, a rabbit
anti-RV polyclonal antibody conjugated with HRP was
used to detect RV antigen at a dilution of 1:2000
(v/v) in PBS at 37 ℃ for 1 h. All of the ELISA plates
were developed using TMB (TIANGEN, PA107-01) to
generate a colorimetric reaction and terminated with 2
mol/L H2SO4. A sample was determined to be positive
if the OD value was greater than or equal to two times
the average OD value of the negative control.

and dried for 5-10 min at room temperature. Finally, RNA
was completely dissolved in 30 µL of RNase-free water
and stored at -70 ℃.
At the same time, viral RNA was isolated from venous
blood samples using the QIAamp Viral RNA Mini Kit,
according to the manufacture’s protocol (Qiagen, 52904).
RT-PCR assays were performed using the TransScript
II Probe One-Step qRT-PCR SuperMix (TRANS,
AQ321-01) in the Real-Time System (CFX96, BIO-RAD,
United States). The reaction system included 5 μL of
RNA template, forward primer at 20 nm, reverse primer
at 20 nm, FAM-labeled probe at 20 nm, and E-mix
in a total reaction volume of 20 μL. The sequences
for the primers were as follows: forward primer,
5’-GTTGTCATCTATGCATAACCCTC-3’; reverse primer,
5’-ACATAACGCCCCTATAGCCA-3’; FAM-labeled probe,
5’-ATGAGCACAATAGTTAAAAGCTAACACTGTCAA-3’. The
following protocol was used for all of the RT-PCR: 5 min
at 50 ℃; 30 s at 94 ℃; followed by 40 cycles of 94 ℃
for 5 s and 60 ℃ for 30 s. A standard reference curve
was obtained by measurement of standard virus RNA.
According to the standard reference curve, the viral load
was quantified in each sample.

Histopathological and immunofluorometric assays

The small intestine was fixed in 10% (v/v) formalin in
PBS, dehydrated in 70% (v/v) graded ethanol series, and
embedded in paraffin before being sectioned at the 4.0
μm thickness for further hematoxylin and eosin staining.
Histopathological observation of the small intestine was
performed by light microscopy. For immunofluorescence
microscopy, tissue sections were deparaffinized in xylene
and hydrated through graded ethanol, followed by
adding 0.03% (v/v) hydrogen peroxide solution. Antigen
retrieval was performed with 0.01 mol/L sodium citrate
(pH 6.0). The glass slides were blocked with normal goat
serum (BOSTER, SA1006) at a 1:10 dilution for 20 min.
Next, the glass slides were incubated with a goat antiRV polyclonal antibody (prepared by the Department of
Molecular Biology, Institute of Medical Biology, Chinese
Academy of Medical Science and Peking Union Medical
College) at a 1:500 dilution at 37 ℃ for 90 min. The
glass slides were incubated with an FITC-labeled rabbit
anti-goat IgG antibody (Jackson ImmunoResearch,
705-095-147) at a 1:1000 dilution at 37 ℃ for 60 min.
After incubation, the glass slides detected under a
fluorescence microscope.

Detection of apoptosis of small intestine epithelial cells

We detected cell apoptosis in the small intestine of the
infected neonatal rhesus monkeys using the TUNEL
Bright Green Apoptosis Detection Kit (Vazyme, A112-03),
according to the manufacturer’s protocol. The analysis of
apoptosis was performed by fluorescence microscopy.

RESULTS
Clinical symptoms in SA11-infected neonatal rhesus
monkeys

Neonatal rhesus monkeys received intragastric ad
8
7
6
ministration of 10 /10 /10 PFUs of SA11 or medium
8
without serum. Only the 10 PFUs group showed signifi
cantly characteristic symptoms, and all of the neonatal
rhesus monkeys in that group showed obvious clinical
symptoms including depression, dull hair color, lethargy,
weakened activity, and diarrhea between 1 and 3 dpi.
8
On day 1, monkeys infected with 10 PFUs of SA11
developed diarrhea that was flocculent or watery (Table
1). On day 2 and 3, significant fecal pollution was
observed around the anus, and diarrhea symptoms
were the most serious. On day 4, obvious symptom
relief was observed, physiological characteristics began
to improve, diarrhea stopped gradually, and animals
7
recovered to normal excreta. In the 10 PFUs group,
only one monkey developed severe diarrhea at 1 dpi.
None of the neonatal rhesus monkeys infected with
6
10 PFUs of RV or medium without serum developed
obvious clinical symptoms of RV infection, and other
physiological characteristics, including body temperature
and body weight, did not change significantly from 0-4
dpi in the experimental group compared to the control

Viral RNA extraction and qRT-PCR assay

Viral RNA was isolated from fresh tissue of experimental
animals with Trizol (Ambion, 15596026). Trizol (1 mL)
was added to 50-100 mg of fresh tissue and the sample
was grinded on the ice with an electric grinder. The
homogenized sample was incubated for 5-10 min at
room temperature. Chloroform (0.2 mL) was added
to the homogenized samples. The tube was shaken
vigorously by hands for 15 s and incubated for 15 min
at room temperature. Next, the tube was centrifuged
at 12000 rpm for 15 min at 4 ℃ and the aqueous
phase was transferred to a clean tube. Isopropyl
alcohol (0.5 mL) was added to the tubes. Then, the
tube was incubated for 10 min at room temperature
and centrifuged at 12000 rpm for 10 min at 4 ℃. The
supernatant was removed and the RNA was washed
with 1 mL of 75% ethanol. The tube was centrifuged at
12000 rpm for 5 min at 4 ℃, and RNA was washed again
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Table 1 Diarrhea scores of the neonatal rhesus monkeys from 1 d post infection to 4 d post infection
Dose (PFUs) Monkey ID
108

Diarrhea score

17020
17011
17015
17018
17003
17001
17008
17012
17016
17006
17002
17004

107

106

0

1

Mean diarrhea score

1 dpi

2 dpi

3 dpi

4 dpi

4
3
4
2
2
4
0
0
0
0
0
1

4
4
4
0
0
2
2
1
1
0
0
0

3
4
0
0
1
0
2
1
0
0
-

2
1
1
1
1
0
0
0
-

2

Percentage with diarrhea (%)

3

1 dpi

2 dpi

3 dpi

4 dpi

1 dpi

2 dpi

3 dpi

4 dpi

3.67

4

3.5

-

100

100

100

-

2.67

0.67

0.33

1

100

33.3

0

0

0

1.33

1

0.33

0

33.3

33.3

0

0.33

0

0

-

0

0

0

-

1

0 was considered failure to collect feces by gently pressing the abdomen of the neonatal rhesus monkeys (we collected feces from the bottom of the
incubator); 2Mean diarrhea score: The sum of all diarrhea or not-diarrhea scores/n (n = the number of total samples); 3Percentage with diarrhea (%): The
number of diarrhea monkeys/the total number of monkeys in this group. 1 was considered no diarrhea (brown hard feces); 2 was considered common
diarrhea (soft feces); 3 was considered severe diarrhea(loose feces); 4 was considered very severe diarrhea (watery feces). -: The monkey was sacrificed for
histological analysis.
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Figure 1 Rotavirus antigen shedding in feces of neonatal rhesus monkeys inoculated with SA11 or medium without serum from 0 dpi to 14 dpi. A: 10 mL of
108 PFUs of SA11; B: 10 mL of 107 PFUs of SA11; C: 10 mL of 106 PFUs of SA11; D: 10 mL of medium without serum. PFUs: Plaque forming units.

group (Supplementary Figure 1).

primarily infects human or animal small intestinal villous
[28]
epithelial cells , and is expulsed through feces in vivo.
The viral shedding observed in the feces reflects the
replication and infection level of the virus in the body.
We evaluated fecal viral shedding by ELISA in neonatal

RV shedding in feces of SA11-infected neonatal rhesus
monkeys
[27]

RV is transmitted through the fecal-oral route
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Figure 2 Immunofluorescence of rotavirus antigen in the jejunum of neonatal rhesus monkeys inoculated with SA11 or medium without serum. A-C: The
jejunum of neonatal rhesus monkeys inoculated with medium without serum at 3 dpi; D-F: Jejunum of neonatal rhesus monkeys inoculated with 108 PFUs of SA11/
monkey at 3 dpi. The glass slides were incubated with goat anti-rotavirus (RV) polyclonal antibody and then incubated with rabbit anti-goat IgG antibody labeled with
FITC (green). Cell nuclei are shown with DAPI staining (blue). White arrows indicate representative RV-positive cells. Magnification, × 20. Bar: 50 μm.

rhesus monkeys receiving either SA11 or medium
without serum. Neonatal rhesus monkeys infected with
8
10 PFUs of SA11 virus shed antigen beginning at 1 dpi
and it lasted for 7 days (Figure 1). A small amount of
virus antigen was shed in the feces of neonatal rhesus
7
6
monkeys infected with 10 PFUs or 10 PFUs of SA11
strain at 1 dpi, and no virus antigen was detected in the
control group (Figure 1).

copies per 100 mg was seen in the mesenteric lymph
6
nodes at 2 dpi, but was decreased to 2.42 × 10 copies
per 100 mg at 3 dpi (Figure 3). A viral load of 1.02 ×
5
10 copies per 100 mg in the kidney was detected at
2 dpi, but no viral load was detected in the kidney at 3
dpi (Figure 3). No virus was detected in the heart, liver,
spleen, lung, or brain (Supplementary Table 2). We also
collected blood samples at 12 h post infection (hpi), 24
hpi, 48 hpi, and 72 hpi, and detected no viral load.

Distribution of RV antigen in the jejunum of SA11infected neonatal rhesus monkeys

Histopathological changes in the small intestine of
SA11-infected neonatal rhesus monkeys

The distribution of RV in the jejunum was detected by
immunofluorescence to confirm that the RV infects
villus epithelial cells in the small intestine. RV antigen
8
was detected in the jejunal epithelial cells in the 10
PFUs of SA11-infected neonatal rhesus monkeys at 3
dpi. No RV antigen was detected in the jejunal epithelial
cells in the control group (Figure 2).

We examined the small intestine of the infected neonatal
rhesus monkeys at 2 dpi and 3 dpi to confirm whether
RV infection causes histopathological changes, and found
inflation and swelling in the small intestine of some
infected animals. We collected the tissues (duodenum,
jejunum, and ileum) and examined the small intestine
by HE staining. We found obvious pathological changes
in the small intestinal tissues in the RV SA11 group
compared to negative controls, including vacuolization,
edema, atrophy, and breakage of the small intestinal
villus cells, as well as an absence of obvious inflammatory
cell infiltration (Figure 4).

Viral load variations in the tissues of SA11-infected
neonatal rhesus monkeys

The viral load variations in various organs of the
8
monkeys infected by 10 PFUs of SA11 were detected
by qRT-PCR at 2 and 3 dpi to understand the
transmission and distribution of RV across the various
organs. We observed a viral load of approximately 5.85
3
× 10 copies per 100 mg in the jejunum at 2 dpi, which
5
was increased to 1.09 × 10 copies per 100 mg at 3
6
dpi (Figure 3). A relatively high viral load of 9.9 × 10
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Apoptosis of jejunal epithelial cells increases during
SA11 infection

We used the TUNEL method to detect apoptosis of
jejunal epithelial cells after SA11 infection. Apoptotic
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Figure 3 Comparison of viral load in different organs of neonatal rhesus monkeys inoculated with SA11 or medium without serum. A: Viral load in the
jejunum of neonatal rhesus monkeys inoculated with SA11 or medium without serum at 2 dpi and 3 dpi; B: Viral load in kidney of neonatal rhesus monkeys inoculated
with SA11 or medium without serum at 2 dpi and 3 dpi; C: Viral load in the mesenteric lymph nodes of neonatal rhesus monkeys inoculated with SA11 or medium
without serum at 2 dpi and 3 dpi. Data are expressed as the mean ± SD, n = 3, aP < 0.01.

cells were not observed in the mock infection group
(Figure 4). In infected animals, apoptosis of jejunal
epithelial cells was not increased at 2 dpi (Figure
4), but at 3 dpi, apoptosis of the upper jejunal villus
epithelial cells increased significantly, with apoptotic
cells arranged in clusters along the villus top and some
apoptotic cells detached from the jejunal villi (Figure 4).

The SA11 is one of classic RVs that several study
have used to model infection of newborn animals. They
6
showed that 5 × 10 PFUs infection of newborn mice
6
with 5 × 10 PFUs of RV and infection of newborn rats
8
[29,30]
with 10 PFUs could induce obvious diarrhea
. In our
present study, we used different doses of SA11 virus to
infect neonatal rhesus monkeys based on our calculation
7.47
of its median diarrhea dose (DD50; 10
PFUs/kg),
and observed the most obvious symptoms in animals
8
receiving 10 PFUs (3.38DD50) of the virus. This dose
was consistent with that used in newborn mice, after
equal conversion of body weight/metering. The clinical
symptoms of RV-infected human infants include fever,
vomiting, and diarrhea, with the clinical symptoms lasting
[31]
for 7-14 d . We observed a similar time course in the
neonatal rhesus monkeys infected with SA11. Compared
to the clinical symptoms observed in RV-infected infants,
neonatal rhesus monkeys infected with SA11 suffered
from diarrhea only. This symptom developed at 1 dpi,
and the most serious diarrhea was observed from 2-3
dpi, which was alleviated and improved from 4 dpi. Viral
shedding in the feces occurred from 1-7 dpi, and was the
highest at 1 to 3 dpi. RV can cause weight loss in suckling
[32]
mice during the early stages of infection ; however,

DISCUSSION
A RV diarrhea model is crucial for the study of the
pathogenic and immune protection mechanisms of RV
infection and vaccine development. Various models have
been used to study RV infection; however, these animal
models are evolutionarily distant from humans and
cannot simulate the process of RV infection in human
infants. Therefore, a nonhuman primate RV diarrhea
model is needed for the study of human RV infection.
[17]
RV infection is age-restricted . We inoculated
rhesus monkeys of various ages (15-20 d, 60 d, 120
d, and 1 year) with the same dose of SA11 strain in
previous studies. Monkeys with an average age of
15-20 d were more sensitive to the SA11 strain and
presented obvious clinical symptoms.
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Figure 4 Histopathological changes and apoptosis in the small intestine of neonatal rhesus monkeys infected with SA11 or medium without serum. A: The
duodenum of neonatal rhesus monkeys infected with medium without serum at 3 dpi; B: The jejunum of neonatal rhesus monkeys infected with medium without serum
at 3 dpi; C: The ileum of neonatal rhesus monkeys infected with medium without serum at 3 dpi; D: The duodenum of neonatal rhesus monkeys infected with 108
PFUs of SA11 at 3 dpi; E: The jejunum of neonatal rhesus monkeys infected with 108 PFUs of SA11 at 3 dpi; F: The ileum of neonatal rhesus monkeys infected with
108 PFUs of SA11 at 3 dpi; histopathological changes in the small intestinal tissues including vacuolization (white arrow), edema, atrophy, and breakage of the small
intestinal villus cells (black arrow); G-J: Apoptosis of jejunal epithelial cells during SA11 infection detected by TUNEL assay; G: Inoculated with medium without serum
at 2 dpi; H: Inoculated with medium without serum at 3 dpi; I: Inoculated with 108 PFUs of SA11 at 2 dpi; J: Inoculated with 108 PFUs of SA11 at 3 dpi; the numbers of
apoptotic jejunal villus epithelial cells increased significantly at 3 dpi. Magnification: × 20. Bar: 50 μm.
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safe and effective vaccines to control RV infection is particularly important. An
effective animal model of RV infection is needed to ensure the effectiveness
and safety of these vaccines.

the weight of the neonatal rhesus monkeys infected with
SA11 was not significantly lower than that of the negative
control group in this study. RV infection in human infants
can also cause serious dehydration and even death in the
absence of aggressive hydration. However, no monkeys
died during these experiments, which may be related to
the sensitivity of the virus strain or the immune state of
the monkey. RV infection can cause viremia and results
in lesions to the liver, gallbladder, respiratory system,
[33]
nervous system, and urinary system . The occurrence
of viremia depends on the virus strain and the immune
[34,35]
state of the host
. RV escapes the gastrointestinal
tract through the blood and lymphatic system. Previous
reports have detected RV in the blood of some children
[36-38]
infected with RV in the clinic
, but no RV was found
in the blood following infection in the current study.
Furthermore, we determined the viral load of RV in the
organs of the infected monkeys at 2 and 3 dpi. Our
5
data showed that a viral RNA load of 1.02 × 10 copies
per 100 mg in the kidney was detected at 2 dpi and
a relatively high viral load was seen in the mesenteric
lymph nodes at 2 dpi. Therefore, we speculate that
RV SA11 is capable of escaping from the intestine and
transmitted to the kidney via the mesenteric lymph
nodes. A mechanism of the extra-intestinal spread of
RV has been discussed in a report of a neonatal mouse
[39]
model of RV . Rhesus rotavirus (RRV) and reassortant
R7 rotavirus (R7 RV) can spread from the intestine to the
terminal ileum, mesenteric lymph nodes, and peripheral
tissues. Previous studies suggested that the transmission
capacity of RV in the neonatal mouse was related to the
[40]
NSP3 and VP6 regions , and whether they facilitate RV
transmission in monkeys remains to be examined.
Diarrhea is one of the most typical symptoms of RV
infection. Early studies have shown that RV infection
leads to shortened intestinal villi and loss of epithelial
[28]
cells at the top of the villus . In the current study, a
large amount of vacuolization, cell edema, and intestinal
villus atrophy, and various degrees of breakage occurred
in the villus cells of neonatal rhesus monkeys infected
with SA11. Apoptosis of small intestinal epithelial cells
[41]
is also a cause of diarrhea , and apoptosis has been
[42-45]
observed in RV-infected HT-29 cells
. We analyzed
the apoptosis of small intestinal epithelial cells after
infection, and observed apoptosis in the apical layer of
the intestinal villus epithelial cells.
In conclusion, our results indicate that we have
successfully established a RV SA11 strain diarrhea model
in neonatal rhesus monkeys. The RV infection model we
established was useful for us to further investigate the RV
infection mechanism and evaluate the cross protection of
[29,46]
potential HRV vaccine candidates
.

The RV monkey model showed typical clinical diarrhea symptoms in the 10 8
PFUs SA11 group, where we observed diarrhea 1-4 d post infection (dpi) and
viral antigen shed in the feces from 1-7 dpi. RV was found in jejunal epithelial
cells. We observed a viral load of approximately 5.85 × 103 copies per 100
mg in the jejunum at 2 dpi, which was increased to 1.09 × 105 copies per
100 mg at 3 dpi. A relatively high viral load was also seen in the mesenteric
lymph nodes at 2 dpi and 3 dpi. The following histopathological changes were
observed in the small intestine following intragastric administration of SA11 RV:
vacuolization, edema, and atrophy. Apoptosis of the jejunal villus epithelium
was also detectable at 3 dpi.
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Research motivation

Nonhuman primates are the animals most closely related to humans and
have advantages over non-primates as an animal model of RV diarrhea, so
development of a nonhuman primate animal model of RV infection is needed to
ensure the effectiveness and safety of RV candidate vaccines.

Research objectives

To establish a monkey model of RV infection.

Research methods

Neonatal rhesus monkeys with an average age of 15-20 d and an average
weight of 500 g ± 150 g received intragastric administration of varying doses
of SA11 RV to determine whether the SA11 strain can effectively infect these
animals by observing their clinical symptoms, fecal shedding of virus antigen
by ELISA, distribution of RV antigen in the organs by immunofluorescence,
variations of viral RNA load in the organs by qRT-PCR, histopathological
changes in the small intestine by HE staining, and apoptosis of small intestinal
epithelial cells by TUNEL assay.

Research results

Research conclusions

We successfully established a RV SA11 strain diarrhea model in neonatal
rhesus monkeys.

Research perspectives

The monkey model of RV infection is useful for us to further investigate the
RV infection mechanism and evaluate the protection of potential HRV vaccine
candidates.
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Abstract
AIM
To elucidate the underlying mechanism that micro
RNA-22 (miR-22) promotes the apoptosis of rat
pancreatic acinar cells (AR42J) and the elements that
regulate the expression of miR-22.
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WJG|www.wjgnet.com

5120

December 7, 2018|Volume 24|Issue 45|

Fu Q et al . GR regulates expression of miR-22

METHODS
One hundred nanomoles per liter of caerulein (Cae)
was administrated to induce the apoptosis of AR42J
cells and the apoptosis rate was detected by flow
cytometry analysis. An amylase assay kit was used
to measure the amylase expression level in the
supernatant. Quantitative real-time PCR (qRT-PCR)
was adopted to measure miR-22 expression. We
used online tools to predict the potential transcription
promoter of miR-22 and the binding sites, which was
further identified by using luciferase reporter analysis,
chromatin immunoprecipitation (ChIP) and ChIPqPCR assays. Then, a mimic of miR-22, Nr3c1 plasmid
encoding the glucocorticoid receptor (GR), and siNr3c1 were used to transfect AR42J cells, respectively.
The mRNA expression of miR-22, Nr3c1, and Erb-b2
receptor tyrosine kinase 3 (ErbB3) was confirmed by
qRT-PCR and the apoptosis rate of AR42J cells was
detected by flow cytometry analysis. Western blot was
used to detect the expression of ErbB3, GR, PI3k, PI3kp85α, Akt, p-Akt, Bad, Bax, Bcl-xl, Bcl-2, and cleaved
caspase3.

(AR42J) via down-regulating the expression of its target
gene, Erb-b2 receptor tyrosine kinase 3 (ErbB3) and
the PI3k/Akt signaling pathway. Glucocorticoid receptor
transcriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter transcription start site.
The upregulation of miR-22 expression resulting from
silencing Nr3c1 contributed to the apoptosis of AR42J
cells.
Fu Q, Liu CJ, Zhang X, Zhai ZS, Wang YZ, Hu MX, Xu XL,
Zhang HW, Qin T. Glucocorticoid receptor regulates expression
of microRNA-22 and downstream signaling pathway in
apoptosis of pancreatic acinar cells. World J Gastroenterol 2018;
24(45): 5120-5130 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i45/5120.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5120

INTRODUCTION
Acute pancreatitis (AP), which has had high morbidity
and mortality rates in recent years, is characterized
by acute inflammatory changes in the pancreas
[1]
and destruction of the acinar cells . Until now, the
pathogenesis of AP has remained unclear. Two patterns
of pancreatic acinar cell death (apoptosis and necrosis)
[2]
are involved in AP . Apoptosis is a physiological and
programmed form of cell death, and it is thought to be
[3]
the best method of cell death . The relationship between
apoptosis and AP has been extensively investigated,
and it has been demonstrated that the severity of AP is
[4]
inversely related to the rate of apoptosis .
MicroRNAs (miRNAs), noncoding small RNAs that
are 18 to 24 nucleotides in length, play essential roles
in various physiological and pathological processes in
[5]
animals and plants . By binding to the 3’ untranslated
region (UTR) of their target mRNA molecules, miRNAs
can downregulate target gene expression and block the
[6,7]
translation of mRNA at the posttranscriptional level .
Recently, many studies have shown that miRNAs are
essential to different cellular processes, regulating
almost 80% of genes in processes such as development,
proliferation, apoptosis, metabolism, and morphogenesis
in multiple cell types under physiological and pathological
[8,9]
conditions .
Our previous study showed that microRNA-22
(miR-22) is important in the process of pancreatic acinar
cell apoptosis. The upregulation of miR-22 promotes the
apoptosis of pancreatic acinar cells induced by tumor
necrosis factor alpha (TNF-α). We demonstrated the
role of miR-22 in promoting cell apoptosis by repressing
its target gene, Erb-b2 receptor tyrosine kinase 3
(ErbB3). However, the underlying mechanism has not
[10]
been fully elucidated . Currently, most miRNA studies
have focused on the regulation of downstream target
gene expression, and there have been few studies on
[11]
upstream miRNA transcription factors . An intergenic

RESULTS
After inducing apoptosis of AR42J cells in vitro , the
expression of miR-22 was significantly increased by
2.20 ± 0.26 and 4.19 ± 0.54 times, respectively, at
3 h and 6 h in comparison with the control group.
As revealed by qRT-PCR assay, the expression of
miR-22 was 78.25 ± 6.61 times higher in the miR-22
mimic group relative to the miRNA control group,
accompanied with an obviously increased acinar cell
apoptosis rate (32.53 ± 1.15 vs 18.07 ± 0.89, P =
0.0006). The upregulation of miR-22 could suppress
its target gene, ErbB3, and the phosphorylation of
PI3k and Akt. Furthermore, we predicted the potential
transcription promoter of miR-22 and the binding sites
using online tools. Luciferase reporter analysis and sitedirected mutagenesis indicated that the binding site
(GACAGCCATGTACA) of the GR, which is encoded by
the Nr3c1 gene. Downregulation of the expression of
GR could upregulate the expression of miR-22, which
further promoted the apoptosis of AR42J cells.
CONCLUSION
GR transcriptionally represses the expression of miR-22,
which further promotes the apoptosis of pancreatic
acinar cells by downregulating the downstream sig
naling pathway.
Key words: MicroRNA-22; Apoptosis; Pancreatic acinar
cells; Erb-b2 receptor tyrosine kinase 3; Glucocorticoid
receptor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The severity of acute pancreatitis (AP) is
inversely related to the rate of apoptosis of pancreatic
acinar cells. MicroRNA-22 (miR-22) might promote
caerulein-induced apoptosis of pancreatic acinar cells
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miRNA has its own independent transcription start site
(TSS), while an intragenic miRNA is generally transcribed
[12]
with its cohost gene . MiR-22, an exonic miRNA, has its
[13]
own host gene promoter .
In this study, we elucidated the downstream signaling
pathways that miR-22 regulates in pancreatic acinar cell
apoptosis. Furthermore, we identified the transcriptional
promoter of miR-22 and verified its function in pancreatic
acinar cell apoptosis.

5’-TCTGCATTAAAGTCATCGAGGAC-3’ and ErbB3 (reverse),
5’-CAGCCGTACAATGTGGGCAT-3’; Nr3c1 (forward),
5’-CTTGAGAAACTTACACCTCGATGACC-3’ and Nr3c1
(reverse), 5’-AGCAGTAGGTAAGGAGATTCTCAACC-3’; and
GAPDH (forward), 5’-TCTCTGCTCCTCCCTGTTCT-3’ and
GAPDH (reverse), 5’-TACGGCCAAATCCGTTCACA-3’. The
miR-22 primer was designed and synthesized by RiboBio
(Guangzhou, China).

Western blot analysis

Total protein from cultured AR42J cells was extracted
according to the manufacturer’s instructions (Beyotime
Bio, Wuhan, China). Forty micrograms of protein of
each sample was loaded and separated on a 12% SDS
polyacrylamide gel and electrophoretically transferred
onto PVDF membranes (Millipore, United States). Then
the membranes were incubated with anti-rat monoclonal
Bad, Bax, Bcl-xl, Cleaved-Caspase3, PI3k, Akt, p-Akt,
GR, (CST, United States), Bcl-2, PI3k-p85α, and ErbB3
antibodies (Santa Cruz Bio, United States) or the anti-βactin antibody (CST, United States) at 4 ℃ overnight, and
subsequently HRP-labeled secondary antibodies (1:5000)
at 37 ℃ for 2 h; then the signals were visualized with
an electrochemiluminescence kit (Pierce, Rockford, IL,
United States).

MATERIALS AND METHODS
MiR-22 mimic, Nr3c1 plasmid encoding the
glucocorticoid receptor and si-Nr3c1 construct

The mimic of miR-22, Nr3c1 plasmid encoding the
glucocorticoid receptor (GR), and si-Nr3c1 were designed
and chemically synthesized by RiboBio (Guangzhou,
China).

Cell culture and transfection

The pancreatic acinar cell line AR42J (American Type
Culture Collection, United States) was cultured in
Dulbecco’s modified Eagle’s medium (DMEM)-F12 (Gibco,
United States) containing 20% fetal bovine serum (Gibco,
United States) in a humidified incubator. AR42J cells (1
× 106/well) were seeded in 6-well plates 12 h before
transfection. The cells were transfected with the Nr3c1
plasmid encoding the GR (100 nmol/L) with Lipofectamine
™ 2000 (Invitrogen, United States). The cells were
transfected with the miR-22 mimic (100 nmol/L) and siNr3c1 (50 nmol/L) using transfection reagents (RiboBio,
Guangzhou, China). After transfection for 48 h, the AR42J
cells were collected for the next experiment.

Amylase detection

Transcription factor search

The potential miR-22 transcriptional promoter and
binding sites were predicted using the online tools
(http://www.genomatix.de/; http://jaspar.binf.ku.dk/cgibin/jaspar_db.pl; and http://www.gene-regulation.com).
The transcriptional promoter with the highest score was
chosen for further analysis.

Luciferase reporter assay

AR42J cells were seeded in 24-well plates and, after 24
h, transfected with 100 ng Nr3c1 control plasmid (Nr3c1NC) or the Nr3c1 plasmid encoding the GR (Nr3C1OE), together with 50 nmol/L miR-22 promoter plasmid
(miR-22 promoter) contained by psiCHECKTM-2 vector
(RiboBio, China) with Lipofectamine™ 2000 (Invitrogen,
United States); cells transfected with only the miR-22
promoter control plasmid (miR-22 promoter NC) served
as the control group. Binding site mutations were
generated with mutagenic primers using a MutanBEST
Kit (Takara). The mutant miR-22 promoter plasmids
(miR-22 promoter mut1 and miR-22 promoter mut2)
were cotransfected with Nr3c1-OE. The luciferase activity
was measured 48 h after transfection.

5

AR42J cells at 5 × 10 /well were seeded into 6-well plates
and incubated with DMEM-F12 containing 100 nmol/L
caerulein (Cae) for 24 h. The supernatant was collected.
An amylase assay kit (Jiancheng Bio, Nanjing, China)
was used to measure the amylase expression level in the
supernatant, following the manufacturer’s instructions.

Flow cytometry analysis of apoptosis

AR42J cells were harvested after treatment with 100
nmol/L Cae for 24 h. Then, the apoptosis rate of AR42J
cells was dectected using Annexin V-APC apoptosis kit
(KeyGEN Bio, China) according to the manufacturer’s
instructions.

Quantitative reverse-transcription polymerase chain
reaction

Chromatin immunoprecipitation (ChIP) and ChIP-qPCR
assays

Total RNA was extracted and reverse-transcribed into
cDNA using PrimeScript RT Master Mix (Takara, Japan).
qRT-PCR was performed using the SYBR Premix Ex TaqTM
kit (Takara, Japan). The expression levels of miR-22,
ErbB3, and Nr3c1 relative to the expression level of
-ΔΔCT
GAPDH were determined using the 2
method. The
specific primer sequences are as follows: ErbB3 (forward),

WJG|www.wjgnet.com

ChIP assays were performed following the instructions
provided with the ChIP assay kit (Beyotime, Wuhan,
China). First, the chromatin in AR42J cells was crosslinked with 1% formaldehyde for 10 min at 37 ℃,
and then the cells were washed three times with cold
PBS. The cells were collected, lysed, and sonicated.
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The nuclear lysates were sonicated, and an equal
amount of chromatin was immunoprecipitated at 4 ℃
overnight with 3 μg of GR and IgG anti-rat monoclonal
antibody (CST, United States). The immunoprecipitated
products were collected after incubation on protein A
+ G-coated magnetic beads; then, the beads were
washed, and the bound chromatin was eluted in ChIP
elution buffer. The protein was digested with proteinase
K for 4 h at 45 ℃. The DNA was purified using a DNA
purification kit (Beyotime). The DNA fragments of the
GR binding sites in the miR-22 promoter were designed
and synthesized by RiboBio (Guangzhou, China). After
immunoprecipitation, the GR binding site was evaluated
using qPCR and normalized to the total chromatin. Total
chromatin was used as the input. IgG and a non-specific
GR binding site (Nbs) were used as controls. The primers
used to amplify the DNA fragments of the GR binding
sites in the miR-22 promoter were also designed and
synthesized by RiboBio (Guangzhou, China). The ChIPqPCR conditions were based on a three-step method.

RESULTS
Cae induced apoptosis of AR42J cells

Flow cytometry was used to detect apoptosis of AR42J
cells. As shown in Figure 1A, the apoptosis rate of AR42J
cells increased significantly after treatment with 100
nmol/L Cae for 24 h. The amylase level in the medium
was higher compared with that in the control group
(Figure 1B). Compared with the control cells, the Caetreated cells had increased protein expression levels
of Bad, Bax, and cleaved caspase-3 and significantly
decreased protein expression levels of Bcl-2 and Bcl-xl
(Figure 1C). The expression of miR-22 was confirmed by
qRT-PCR. As shown in Figure 1D, the expression level of
miR-22 was higher in AR42J cells exposed to Cae for 3 h
and 6 h than in the control cells.

Upregulation of miR-22 promotes the apoptosis of
AR42J cells by suppressing the PI3k/Akt signaling
pathway

AR42J cells were transfected with the miR-22 mimic as
described. The expression of miR-22 was significantly
elevated in the cells transfected with the mimic compared
with the miRNA NC cells (Figure 2A). As shown in Figure
2B and C, the mRNA and protein expression levels of
ErbB3, the target gene of miR-22, were significantly
lower in cells overexpressing miR-22 than in the control
cells. After AR42J cells were induced with Cae, the
apoptosis rate, amylase level, and the protein expression

Statistical analysis

The results are expressed as the mean ± SD from at
least three separate experiments. Statistical analyses
were performed using SPSS 22.0 software, and com
parisons were made using Student’s t-tests and onea
b
c
way ANOVA. P < 0.05, P < 0.01, and P < 0.001 was
considered statistically significant.
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Prediction and verification of the transcription factor of
miR-22

levels of PI3k, p-PI3k, Akt, p-Akt, and apoptosisassociated protein were detected. The apoptosis rate
in the miR-22 mimic + Cae group was significantly
higher than that in the miRNA NC + Cae group (Figure
2D), while the amylase level did not differ significantly
between the two groups (Figure 2E). Compared with
the miRNA NC cells, cells with upregulated miR-22 had
higher expression levels of Bad, Bax, and activated
caspase-3. The expression levels of the proteins that
promoted cellular proliferation were clearly reduced in the
miR-22 mimic + Cae group. In addition, the upregulation
of miR-22 significantly reduced the phosphorylation of
PI3k and Akt induced by Cae.
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Using online programs, we predicted the transcription
factor and binding sites of the miR-22 promoter. The
possible transcription factors are shown in Figure 3A,
of which Nr3c1 had the highest score. The 5’-flanking
region of miR-22 was cloned into the Xba1-site of the
pGL3-luciferase reporter vector, and the empty pGL3luciferase reporter was used as a control group. The
results showed that overexpression of Nr3c1 led to a
significant decrease in luciferase activity compared with
that of the Nr3c1 NC + miR-22 promoter group (Figure
3B). We further identified the binding sites of Nr3c1
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using TF search software. To determine the functional
importance of Nr3c1 binding sites in the miR-22
promoter, site-directed mutagenesis was performed.
The base sequences of the predicted binding sites
and mutated sequences are shown in Figure 3C. The
luciferase reporter results demonstrated that compared
with the wild-type group, the group with the mutated
first binding site had significantly higher luciferase
activity, while the group with the mutated second binding
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site had activity that was significantly higher than that of
the wild-type but not as high as that of the group with
the mutated first binding site (Figure 3D), indicating that
Nr3c1 might bind to the first site (GACAGCCATGTACA)
to regulate miR-22 promoter activity. Furthermore, ChIP
analysis was performed in AR42J cells to determine
whether GR bound to the miR-22 promoter. As shown
in Figure 3E, the ChIP and ChIP-qPCR assays showed
that GR interacted with the miR-22 promoter within the
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GACAGCCATGTACA site.

Bad, Bax, and activated caspase-3, while Bcl-2 and Bclxl protein expression levels were obviously reduced.
Together, these data suggest that downregulation of
Nr3c1 promoted the expression of miR-22 and the
apoptosis of AR42J cells.

Nr3c1 regulates the expression of miR-22

To investigate the influence of Nr3c1 on the expression
of miR-22, the Nr3c1 plasmid encoding the GR and siNr3c1 were used to regulate the expression of Nr3c1. As
shown in Figure 4A, overexpression of Nr3c1 significantly
reduced miR-22 expression compared with that of
the control. In contrast, si-Nr3c1 downregulated the
expression levels of Nr3c1 mRNA and the GR protein,
which promote the expression of miR-22 (Figure 4B).

DISCUSSION
Some studies have demonstrated that miR-22 plays
important roles in regulating the expression levels of
its target genes and that it is associated with various
diseases, such as autoimmune diseases, cardiovascular
[14-18]
diseases, emphysema, and cancer
. Our previous
results showed that the expression of miR-22 is clearly
higher in acute edema pancreatitis (AEP) in vivo.
Elevating miR-22 expression using a miR-22 mimic
could promote the activity of activated caspase-3 and
the rate of apoptosis of pancreatic acinar cells (AR42J)
induced with TNF-α in vitro. Moreover, the target genes
of miR-22 were predicted by bioinformatics, and the
luciferase reporter gene confirmed that ErbB3 was the
[10]
target gene of miR-22 . Furthermore, we identified
the signaling pathway by which miR-22 regulates the
apoptosis of AR42J cells. The results demonstrated
that miR-22 represses the expression of its target gene
ErbB3. ErbB3, which belongs to the ErbB family, can be

Si-Nr3c1 promotes the apoptosis of AR42J cells

Downregulation of Nr3c1 promoted the expression of
miR-22. The genes involved in the pathway downstream
of miR-22 that promoted apoptosis were detected.
As shown in Figure 5A and B, the mRNA and protein
expression levels of ErbB3 were significantly lower when
miR-22 was upregulated than in the control. After AR42J
cells were induced with Cae, the apoptosis rate increased
significantly (Figure 5C). However, the amylase level
was not significantly different between the two groups
(Figure 5D). As shown in Figure 5E, the expression
levels of p-PI3k and p-Akt were clearly lower in the cells
transfected with si-Nr3c1 than in the siRNA NC group.
Downregulation of Nr3c1 increased the expression of
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transactivated by forming heterodimers with other ErbB
family members, especially ErbB2. ErbB3 lacks intrinsic
kinase activity and cannot autophosphorylate due to the
evolutionary acquisition of several changes within the
[19,20]
kinase domain
.
Among the members of the ErbB family, ErbB3 has
the highest affinity for PI3k because of its six YXXM
motifs that can directly bind to the p85 regulatory subunit
[21,22]
of PI3k after tyrosine phosphorylation of ErbB3
.
Therefore, the activation of ErbB3 results in a strong
[23]
activation of the PI3k/Akt signaling pathway . The
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activation of the PI3k/Akt signaling pathway can lead to
apoptosis resistance in cancers such as ovarian, thyroid,
breast, hepatic, cervical, prostate, lung, pancreatic,
and colon cancers. Many studies have demonstrated
that inhibiting the activation of PI3k/Akt may lead to
[24-31]
cell apoptosis
. Our results showed that miR-22
could upregulate the expression of genes that promote
apoptosis and reduce the expression of genes that
promote proliferation by suppressing the phosphorylation
of PI3k and Akt in Cae-induced apoptosis, which results
in promoting the activity of caspase 3. Caspases are
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mechanism has not been fully elucidated, and the elements that regulate the
expression of miR-22 remain unclear.

a family of cysteine proteases that are present in the
cytosol as inactive proenzymes, and they become
activated when apoptosis is initiated, playing essential
[32]
roles in various stages of apoptosis . MiR-22 might
promote the apoptosis of AR42J cells by repressing the
PI3k/Akt pathway via inhibition of its target gene, ErbB3.
Transcription factors are a group of proteins that
bind to a specific sequence at the 5’-end of a gene to
ensure that the target gene is expressed at a specific
time, in a specific location, and with a specific intensity.
In fact, transcriptional regulators play pivotal roles during
[33,34]
developmental and pathophysiological processes
.
MiR-22, which belongs to the category of intergenic
miRNAs, has its own independent transcription factors.
Recent studies have shown that the transcription factors
of miR-22 include Jak3, STAT3, STAT5, and FosB. FosB
promotes the expression of miR-22, while Jak3, STAT3,
[35,36]
and STAT5 are transcriptional repressors
. In this
study, to identify the miR-22 transcription factor involved
in regulating the apoptosis of pancreatic acinar cells,
we first predicted the transcription factor and TSS.
The prediction results showed that Nr3c1 might be a
transcription factor regulating miR-22. Nr3c1 is a vital
GR gene; it can receive stimulation from glucocorticoids
and then influence downstream transcription factors by
changing the protein configuration, thereby playing an
[37]
indispensable role in gene regulation . We cloned the
5’ flanking regions of miR-22 and analyzed the promoter
regions. The first site (GACAGCCATGTACA) demonstrated
the highest promoter activity, as measured by the
luciferase reporter assay. The results of the site-directed
mutagenesis and ChIP-qPCR confirmed that Nr3c1 binds
to the miR-22 core promoter. The upregulation of miR-22
expression resulting from silencing Nr3c1 contributed to
the apoptosis of AR42J cells. Apoptosis is a physiological
and programmed form of cell death, which is considered
the best method of cell death. It is characterized by cell
shrinkage, nuclear chromatin condensation, and the
[38]
retention of organelles . The severity of AP is inversely
related to the degree of apoptosis, suggesting that
apoptosis may be a teleologically beneficial response to
[39]
acinar cell injury in general and especially in AP .
In conclusion, our results indicated that GR tran
scriptionally repressed the expression of miR-22 by
binding to the miR-22 promoter TSS. Downregulating
the expression of GR could promote the expression of
miR-22. The upregulation of miR-22 promoted Caeinduced apoptosis of AR42J cells by targeting ErbB3 and
further suppressed the PI3k/Akt signaling pathway. The
upregulation of miR-22 might have therapeutic potential
for AP.

Research motivation

The downstream signaling pathways that miR-22 regulates pancreatic acinar
cell apoptosis have not been fully elucidated. Besides, miR-22 is an exonic
microRNA and has its own host gene promoter. In this study, we identified the
transcriptional promoter of miR-22 and verified their functions in pancreatic
acinar cell apoptosis.

Research objectives

This research aimed to elucidate the underlying mechanism that miR-22
promotes the apoptosis of rat pancreatic acinar cells (AR42J) and identify the
transcriptional promoter of miR-22.

Research methods

MiR-22 promoted the apoptosis of AR42J cells by targeting the ErbB3 gene,
and the downstream signaling pathway (PI3k/Akt signaling pathway) was
identified using caerulein (Cae)-induced apoptosis of AR42J cells. Furthermore,
we predicted the potential transcription promoter of miR-22 and the binding
sites using online tools. Luciferase reporter analysis and site-directed
mutagenesis indicated the binding site of the glucocorticoid receptor (GR).
The binding of GR to the miR-22 promoter in cell culture was identified by a
chromatin immunoprecipitation assay.

Research results

The results of this study indicated that GR transcriptionally repressed the
expression of miR-22 by binding to the miR-22 promoter transcription start
site. Downregulation of the expression of GR could upregulate the expression
of miR-22. The upregulation of miR-22 promoted the Cae-induced apoptosis
of AR42J by targeting ErbB3 and further suppressing the PI3k/Akt signaling
pathway.

Research conclusions

GR transcriptionally repressed the expression of miR-22 and downregulation of
the expression of GR could upregulate the expression of miR-22, which further
promoted the Cae-induced apoptosis of AR42J cells.

Research perspectives

This study found that GR transcriptionally repressed the expression of miR-22,
which might be a target to regulate the expression of miR-22. The further
research is to explore the treatment measures for AP by using drugs targeting
GR in in vitro cell models and in vivo AP models.
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Abstract

Core tip: In the present study, we provided evidence
for the first time that abdominal paracentesis drainage
(APD) ameliorates inflammation in rats with severe acute
pancreatitis (SAP) by regulating peritoneal macrophage
M2 polarization. The important findings are that: (1)
by removing pancreatitis-associated ascitic fluids, APD
could improve the inflammatory environment of the
peritoneal cavity; (2) the improved environment in the
peritoneal cavity could polarize peritoneal macrophages
towards the M2 phenotype; and (3) APD could promote
M2 polarization of macrophages in the pancreas of SAP
model rats. These findings provide new insights into the
mechanisms underlying the effectiveness of APD, which
may advance the clinical use of APD to benefit patients
with SAP.

AIM
To investigate the role of peritoneal macrophage (PM)
polarization in the therapeutic effect of abdominal par
acentesis drainage (APD) on severe acute pancreatitis
(SAP).
METHODS
SAP was induced by 5% Na-taurocholate retrograde
injection in Sprague-Dawley rats. APD was performed
by inserting a drainage tube with a vacuum ball into
the lower right abdomen of the rats immediately
after the induction of SAP. To verify the effect of APD
on macrophages, PMs were isolated and cultured in
an environment, with the peritoneal inflammatory
environment simulated by the addition of peritoneal
lavage in complete RPMI 1640 medium. Hematoxylin and
eosin staining was performed. The levels of pancreatitis
biomarkers amylase and lipase as well as the levels of
inflammatory mediators in the blood and peritoneal
lavage were determined. The polarization phenotypes
of the PMs were identified by detecting the marker
expression of M1/M2 macrophages via flow cytometry,
qPCR and immunohistochemical staining. The protein
expression in macrophages that had infiltrated the
pancreas was determined by Western blot.

Liu RH, Wen Y, Sun HY, Liu CY, Zhang YF, Yang Y, Huang QL,
Tang JJ, Huang CC, Tang LJ. Abdominal paracentesis drainage
ameliorates severe acute pancreatitis in rats by regulating the
polarization of peritoneal macrophages. World J Gastroenterol
2018; 24(45): 5131-5143 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i45/5131.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i45.5131

INTRODUCTION

RESULTS
APD treatment significantly reduced the histopath
ological scores and levels of amylase, lipase, tumor
necrosis factor-α and interleukin (IL)-1β, indicating that
APD ameliorates the severity of SAP. Importantly, we
found that APD treatment polarized PMs towards the
M2 phenotype, as evidenced by the reduced number
of M1 macrophages and the reduced levels of proinflammatory mediators, such as IL-1β and L-selectin, as
well as the increased number of M2 macrophages and
increased levels of anti-inflammatory mediators, such as
IL-4 and IL-10. Furthermore, in an in vitro study wherein
peritoneal lavage from the APD group was added to the
cultured PMs to simulate the peritoneal inflammatory
environment, PMs also exhibited a dominant M2
phenotype, resulting in a significantly lower level of
inflammation. Finally, APD treatment increased the
proportion of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the
pancreas of SAP model rats.

Severe acute pancreatitis (SAP) is a lethal inflammatory
condition that is frequently accompanied by many
complications, such as systemic inflammatory response
syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS), which lead to a high risk of death in
SAP patients. To date, the mortality rate for SAP remains
[1]
high at 30% . The key issue is that there is no effective
strategy for controlling the activated inflammatory
cascade and restoring immune homeostasis during SAP.
Numerous studies have suggested that pancreatitisassociated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because they contain tumor
necrosis factors, interleukins, endotoxins and other
[2-4]
substances . Our previous studies suggested that
abdominal paracentesis drainage (APD) ameliorates SAP
[5-7]
in patients safely and effectively by removing PAAF .
However, the mechanism underlying APD treatment
remains poorly understood.
Macrophages are the main inflammatory cells
implicated in the initiation and progression of the early
[8,9]
stage of SAP . They can be polarized into the following
two different functional phenotypes in response to the
microenvironment: classically activated macrophages
(M1) or alternatively activated macrophages (M2). M1
macrophages produce pro-inflammatory cytokines,

CONCLUSION
These findings suggest that APD treatment exerts antiinflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanism
underlying its therapeutic effect.
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including interleukin (IL)-1β, IL-6 and tumor necrosis
factor (TNF)-α, while the M2 phenotype produces anti[10]
inflammatory cytokines, such as IL-10 . Macrophages
can also transition between the M1 and M2 phenotypes
[11,12]
in response to certain signals
. Therefore, the
polarization of macrophages towards the M2 phenotype
has emerged as an interesting strategy to control the
[13]
progression of inflammation . Among the macrophages
associated with SAP, peritoneal macrophages (PMs) are
known to play a crucial role in the progression from local
to systemic inflammation. PMs widely interact with PAAF,
[14]
and the function of PMs is regulated by PAAF . Although
the activation of macrophages is tightly associated
with the severity of SAP, whether APD can change the
polarization state of PMs by removing PAAF in rats with
SAP is uncertain.
Based on the above considerations, in the present
study, we sought to determine the polarization phe
notypes of PMs and the corresponding inflammatory
response in a rat model of SAP following APD treatment.
Our study offers new insights into the mechanism by
which APD treatment ameliorates SAP.

duct, and a 0.5 cm × 0.5 cm sample was fixed in 4%
paraformaldehyde solution. After being embedded in
paraffin, the samples were cut into 4-μm thick sections
and stained with hematoxylin and eosin (HE). Then,
the slides were observed under an optical microscope,
and the histopathology was scored using a previously
[18]
described scoring system . The scores were averaged
for five individual slides from every pancreas.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assays (ELISAs) were
performed with the serum samples from each group
using commercial rat-specific kits for amylase, lipase,
IL-1β and TNF-α (Dakewe Biotech Co., Ltd. Shenzhen,
China) according to the supplier’s specifications.

Cell isolation

The ascetic fluid in the abdomen of SAP rats or the
residual liquid in APD rats was drained followed by
intraperitoneal injection of 20 mL of precooled PBS
solution. After 5 minutes of abdominal kneading, 15 mL
of lavage fluid containing peritoneal cells was transferred
into the anticoagulant tube via a syringe. The cells were
washed with PBS, resuspended in RPMI-1640 (Gibco,
CA, United States) with 20% fetal bovine serum (Gibco,
CA, United States) and cultured at 37 ℃ in 5% CO2 for
1 h. The adherent cells were used in the subsequent
experiments.

MATERIALS AND METHODS
Experimental animals

The animal protocol was designed to minimize pain or
discomfort to the animals. Adult male Sprague-Dawley
rats weighing 200-250 g were purchased from Chengdu
Dossy Experimental Animals Co., Ltd. (Chengdu,
China). All rats were housed and fed in a pathogenfree facility under 12-h day and night cycles throughout
the experiment. Animal experiments were performed
according to the guidelines of the Animal Welfare
Committee of Chengdu Military General Hospital.

Flow cytometry

To detect the polarization phenotype of the macrophages
in the abdomen, the PMs were analyzed by flow
cytometry. PMs were washed with staining buffer
(1% BSA in PBS containing 0.01% NaN3, Thermo
Fisher, United States) and incubated with 10% mouse
serum for 20 min on ice. Subsequently, the cells were
incubated with reagents from the LIVE/DEAD™ Fixable
Dead Cell Stain Kit (Thermo Fisher, United States),
FITC-conjugated anti-CD163 (Bio-Rad, United States),
and PE-conjugated anti-CD86 (BD Biosciences, United
States) at the manufacturer’s recommended dilution
for 40 min on ice. For intracellular staining, the cells
were fixed and permeabilized with fixation buffer from a
Fixation/Permeabilization Solution Kit (BD Biosciences,
United States) for 1 h at 4 ℃ in the dark, washed with
permeabilization buffer and incubated with AlexaFlour647-conjugated anti-CD68 (Bio-Rad, United States)
antibody in permeabilization buffer for 1 h at 4 ℃ in the
dark. The samples were then washed and resuspended
in permeabilization buffer and analyzed with a FACS
Canto II system (BD Biosciences). The results were
analyzed with BD FACS DIVA software (BD Biosciences,
United States).

In vivo experiments

Eighteen rats were divided into the following three
equal groups according to a random number table: an
SAP group, an APD group and a sham operation group
(SHAM). Pancreatitis was induced in the SAP and APD
groups by retrograde injection of 5% Na-taurocholate
[15]
(0.1 mL/100 g body weight, Sigma, United States)
via the pancreatic duct using a syringe pump. In the
APD group, a drainage tube with a vacuum ball was
inserted into the lower right abdomen immediately after
[16]
pancreatitis was induced . Rats in the sham group did
not receive any operation except opening and closure
of the abdomen. Anesthesia was performed with an
anesthesia machine using isoflurane (RWD Life Science,
Shenzhen, China). Rats were sacrificed 12 h after the
model was established. Blood samples were collected,
and pancreatic tissues were harvested. According to
[17]
previously described methods , PMs were isolated by
peritoneal lavage after the ascetic fluid of SAP rats was
drained.

RNA isolation and qPCR

Total RNA from the abovementioned PMs was extracted
using a commercial RNA extraction kit (Axygen,
United States). The RNA was quantified by measuring
the absorbance at 260 nm and 280 nm using a

Pancreatic histological analysis

The pancreas was dissected along the pancreatic
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spectrophotometer (NanoDrop Technologies, United
States). cDNA was synthesized from a 100-ng RNA
RT
sample using the Primescript reagent kit with a gDNA
eraser (Takara, Tokyo, Japan) and stored at -80 ℃.
Real-time quantitative PCR was performed with
a CFX96 Real-Time PCR Detection System using the
SYBR Green Master Mix (Bio-Rad, United States).
The primers used were as follows: INOS forward,
5’-CAGCCCTCAGAGTACAACGAT-3’ and reverse,
5’-CAGCAGGCACACGCAATGAT-3’; CD206 forward,
5’-ATTCCGGTCGCTGTTCAACT-3’ and reverse,
5’-AACGGAGATGGCGCTTAGAG-3’; TNF-α forward,
5’-CGTCGTAGCAAACCACCAAG-3’ and reverse,
5’-CACAGAGCAATGACTCCAAAG-3’; CD163 forward,
5’-CAACCGATGCTCAGGAAGAG-3’ and reverse,
5’-GATGGCACTTCCACATCCAA-3’. GAPDH was used as
a reference gene, and the primers for GAPDH were the
commercial Rat GAPDH Endogenous Reference Gene
Primers (BBI Life Science, China).

and Technology Co., Ltd, China) according to the
manufacturer’s instructions. Proteins were mixed into
the premixed protein sample buffer (Bio-Rad, United
States) at equal concentrations and heated for 10
min at 100 ℃ to denature the protein. Electrophoresis
was performed on 10% or 8% SDS-polyacrylamide
gels followed by transferring the protein onto a PVDF
membrane. After blocking with 5% nonfat milk in TBS
solution for 1 h at room temperature, the blots were
incubated in the following primary antibodies overnight
at 4 ℃: mouse anti-Arg1 (1:200, Santa Cruz, United
States), mouse anti-CD163 (1:200, Bio-Rad, United
States), mouse anti-CD86 (1:200, BD Biosciences,
United States), mouse anti-NOS2 (Santa Cruz, United
States), and mouse anti-GAPDH (Thermo Fisher, United
States). Afterwards, the blots were incubated with goat
anti-mouse horseradish peroxidase (HRP)-conjugated
secondary antibody (1:5000, Abcam, United Kingdom)
for 1 h at room temperature. Then, the blots were
developed using the enhanced chemiluminescence (ECL)
method (Merck Milipore, Germany) in a bioimaging
system (UVP, United Kingdom).

Luminex assay

The concentrations of IL-1β, CXCL2, IL-4, IL-10 and
TNF-α in the lavage fluid were determined by Luminex
assays. A premixed commercial kit was used according
to the manufacturer’s recommendation (RD, United
States). The assays were performed using the Luminex
X-200 System (Luminex Corp, United States).

In vitro experiments

Primary cultured PMs were isolated from an additional
ten rats as described above, washed with PBS and
resuspended in RPMI-1640 (Gibco, CA, United States)
with 20% fetal bovine serum (Gibco, CA, United
6
States). All cells were plated at 1 × 10 cells per well
in a 6-well plate and then cultured at 37 ℃ in 5% CO2
for 3 d; adherent cells were identified as macrophages.
Flow cytometry was used to identify the purity of the
clones.
To test the effect of the abdominal inflammatory
environment on PMs, primary cultured PMs were treated
with medium containing 10% lavage fluid from SAP
and APD rats separately for 12 h, and PBS was used as
a control. The polarization phenotypes of the primary
cultured PMs were determined by flow cytometry as
mentioned above.

Immunofluorescence staining

The distribution of the two phenotypes of macrophages
in the pancreas was assayed by immunofluorescence
staining. Pancreatic tissues were washed with PBS
twice, fixed with 4% paraformaldehyde for 24 h and
dehydrated in a 30% sucrose solution. Then, the tissues
were embedded in Tissue Freezing Medium and cut into
7-μm thick sections. The slides were washed with PBS
and permeabilized with 0.1% Triton X-100. Subsequently,
the slides were incubated with goat serum at 37 ℃
for 30 min. The samples were stained by incubation
with Alexa-Flour647-conjugated anti-CD68 (Bio-Rad,
United States) and FITC-conjugated anti-CD163 (BioRad, United States) or Alexa-Flour647-conjugated antiCD68 and PE-conjugated anti-CD86 (BD Biosciences,
United States) at the manufacturer’s recommended
dilution at 4 ℃ overnight; then, the samples were stained
with DAPI to visualize the nuclei. The distribution of the
two phenotypes of macrophages in the pancreas was
examined by laser scanning confocal microscopy.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
(SPSS Inc., United States), and the data are reported
as the mean ± SD. Data were compared by Student’s
t-tests or one-way ANOVA followed by the SNK test for
multiple comparisons, and nonparametrically distributed
variables were compared by the Mann-Whitney test. P
< 0.05 was considered statistically significant.

Western blot analysis

Pancreatic tissues were dissociated in a commercial
lysis buffer kit containing protease inhibitor and phen
ylmethylsulfonyl fluoride (PMSF) (Solarbio Science
& Technology Co., Ltd, China) using a homogenizer.
The tissue lysates were centrifuged at 12000 rpm for
30 min at 4 ℃, and the supernatant was collected for
analysis. The protein concentration was measured using
a commercial BCA protein assay kit (Solarbio Science
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RESULTS
Therapeutic effects of APD on SAP in rats

The SAP rat model induced by Na-taurocholate retrograde
injection (Figure 1A) is a stable animal model that has
many similarities to the clinical manifestations of SAP
in humans. To simulate the APD treatment, a drainage
tube was inserted into the lower right abdomen of SAP
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Figure 1 Abdominal paracentesis drainage ameliorates severe acute pancreatitis in a rat model. A: Model establishment. Retrograde injection of Nataurocholate (left) and a rat after abdominal paracentesis drainage (APD) treatment (right); B and C: Histopathological analysis of the pancreas. Comprehensive
disruption of the pancreatic structure with widespread infiltration of leukocytes, acinar cell vacuolization and necrosis was observed in severe acute pancreatitis (SAP)
rats; localized leukocyte infiltration and relatively intact acinar structure were observed in APD rats; D-I: Plasma levels of amylase, lipase, tumor necrosis factor-α,
interleukin (IL)-1β, IL-10 and transforming growth factor-β, respectively. Data indicate the mean ± SD of six mice (C-I). aP < 0.05 vs sham, bP < 0.05 vs SAP.

rats (Figure 1A). Histologically, apparent morphological
damage in the form of acinar cell necrosis and inflam
matory infiltration was observed in rats with SAP, while
the tissue damage was significantly reduced in the APD
treatment group (Figure 1B). This result was supported
by the lower histopathological score in the APD group
than in the SAP group (Figure 1C).
Subsequently, we measured the serum amylase and
lipase levels, as they are known biomarkers of SAP. As
shown in Figure 1, the APD group showed lower levels
of amylase and lipase when compared with the SAP
group (Figure 1D and E). In the APD and SAP groups,
the concentrations of amylase and lipase were 0.906 ±
0.102 ng/mL vs 1.302 ± 0.052 ng/mL and 10.118 ±
1.019 U/L vs 12.251 ± 0.458 U/L, respectively.
Pro-inflammatory cytokines, such as TNF-α and
IL-1β, are known to induce systemic inflammation in
SAP. Compared with SAP rats, in APD rats, the levels
of TNF-α and IL-1β were significantly lower, while the
levels of the anti-inflammatory cytokines IL-10 and
transforming growth factor-β were higher (Figure 1F-H),
reflecting an amelioration of systematic inflammation in
APD rats.
These results suggest that APD treatment could
exert a protective role against the progression of SAP,
as supported by the observed improved tissue damage
and reduced systematic inflammation.

occurred in the proportion of M2 PMs (Figure 2B).
Meanwhile, the M1/M2 ratio tended to be lower in the
APD group than in the SAP group (Figure 2 B).
To further confirm the polarization phenotype of PMs
at the genetic level, the expression of the M1-associated
gene iNOS and the M2-associated gene CD206 was
determined by qPCR. As expected, the expression of
CD206 gene increased in the APD group, while it was
inhibited in the SAP group. Although the expression
of the iNOS gene was upregulated in both groups, it
increased markedly in the SAP group (Figure 2E). These
data indicate that APD treatment polarized PMs towards
the M2 phenotype in the peritoneal cavity of SAP model
rats.

APD reduces the levels of pro-inflammatory cytokines
and increases the levels of anti-inflammatory cytokines
in the peritoneal cavity

APD treatment drained the PAAF from SAP rats, thus
altering the inflammatory environment of the peritoneal
cavity. To compare the inflammatory environments
in SAP and APD rats, we measured the production of
representative pro-inflammatory and anti-inflammatory
cytokines in the peritoneal lavage of each group by
Luminex (Figure 3). The protein levels of the proinflammatory mediators IL-1β and L-selectin were
significantly lower in APD rats than in SAP rats, while
the levels of the anti-inflammatory cytokines IL-4 and
IL-10 were increased. Although there were no significant
differences in the levels of the pro-inflammatory
cytokines IL-6 and CXCL2, the mean levels of these
cytokines were greater in SAP rats than in APD rats.
These results indicate that APD treatment promoted
anti-inflammatory cytokine production and inhibited proinflammatory cytokine production.

APD polarizes PMs towards the M2 phenotype in the
peritoneal cavity

PMs play important roles in the progression of SAP. To
assess the direct effect of APD on PMs, we first inves
tigated the polarization phenotypes of the PMs in each
group by flow cytometry. CD68 was used as a marker
of all macrophages; CD68+CD86+ macrophages were
identified as M1 macrophages, while CD68+CD163+
cells were identified as M2 macrophages. Flow cytometry
plots revealed a significantly lower proportion of M1 PMs
in APD rats compared to SAP rats, while a slight increase
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PMs are polarized to the M2 phenotype in the simulated
peritoneal inflammatory environment of APD rats in vitro
The phenotypes of PMs depend on the inflammatory
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Figure 2 Different polarized phenotypes of peritoneal macrophages in each group. A: Gating strategy for the peritoneal macrophage population; B-D:
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environment. To investigate whether the peritoneal
inflammatory environment affects PMs polarization in
vitro, we simulated this environment by adding peritoneal
lavage from the SAP and APD groups to primary cultured
PMs. PBS was used as a negative control. Then, the
PMs were evaluated by flow cytometry. The dot plot
of FCM (Figure 4) indicated that the number of M2
macrophages increased slightly in PMs cultured in the
APD environment, while no increase was found in cells
cultured in the SAP environment. Although the numbers
of M1 macrophages rose in both groups, they increased
dramatically in the SAP environment. These data indicate
that the altered peritoneal inflammatory environment
induced by APD treatment enhanced M2 macrophage
polarization in PMs.

in the pancreas by immunofluorescence staining and
Western blot. As shown in Figure 5A, the number of
M2 macrophages clearly increased, while the number
of M1 macrophages decreased in the pancreas of
APD rats compared with SAP rats. The morphological
changes were confirmed by Western blot (Figure 5B).
The pancreatic levels of M2-associated proteins Arg-1
and CD163 were higher in APD rats than in SAP rats.
In contrast, the levels of M1-associated proteins iNOS
and CD86 were lower in APD rats than in SAP rats. The
data show that APD could promote M2 polarization of
macrophages in the pancreas of SAP rats.
Based on the above findings, a schematic model
was proposed to elucidate the possible mechanism
responsible for the beneficial effects of APD on SAP
(Figure 6). Once SAP occurs, the inflammatory cells are
activated following acinar cell injury and exudate full of
pro-inflammatory mediators collects in the peritoneal
cavity, which can polarize the PMs towards the M1
phenotype and lead to the overexpression of proinflammatory mediators by PMs. By removing the PAAF,

APD promotes M2 polarization of macrophages in the
pancreases of SAP rats

Given that macrophages are associated with intra
pancreatic injury during SAP, we evaluated the effect
of APD on the polarization response of macrophages
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Figure 3 Abdominal paracentesis drainage alters the inflammatory environment in the peritoneal cavity. Protein levels in peritoneal lavage were measured by
Luminex. The results reflect the mean ± SD obtained from six animals in each group. aP < 0.05 vs abdominal paracentesis drainage.

APD could improve the inflammatory environment of the
peritoneal cavity and thus regulate M2 polarization of
PMs in the peritoneal cavity. Meanwhile, APD could also
promote M2 polarization of macrophages in pancreatic
tissues. These events could upregulate the expression of
anti-inflammatory cytokines, which ultimately ameliorate
pancreatic injury.

the improved environment in the peritoneal cavity can
polarize PMs towards the M2 phenotype; and (3) APD
can promote M2 polarization of macrophages in the
pancreas of SAP rats. These findings provide new insight
into the mechanisms underlying the effectiveness of APD
in the treatment of SAP, which may advance the clinical
use of APD to benefit patients with SAP.
APD treatment before percutaneous catheter
drainage has been proven to exert a beneficial effect
on patients with SAP in our serial reports. Here, we
demonstrated that APD treatment ameliorates the levels
of inflammatory factors, including TNF-α, IL-1β and IL-6,
in the serum and ascitic fluid of patients and rats with
[16]
SAP . Consistent with these results, in this paper, we
found that APD not only decreased the levels of pro-

DISCUSSION
In the present study, we provided evidence for the first
time that APD ameliorates inflammation in rats with SAP
by regulating PM M2 polarization. The important findings
are that: (1) by removing PAAF, APD can improve the
inflammatory environment of the peritoneal cavity; (2)
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inflammatory cytokines, such as IL-1β, and the adhesion
molecule L-selectin but also increased the levels of antiinflammatory cytokines, such as IL-4 and IL-10. This is
in line with the findings of a recent study by Zhu and
[19]
colleagues in which it was shown that the levels of proinflammatory cytokines in ascites, including IL-1β, IL-6,
IL-8 and TNF-α, decreased after early-stage drainage
of the PAAF, while the level of the anti-inflammatory
cytokine IL-10 increased significantly. Similar results
[20]
were also reported by Souza , and these two studies
suppose M2 macrophages as causative factors.
As is known, macrophages will acquire distinct
functional phenotypes when responding to environmental
cues. Because APD improves the inflammatory
environment of the peritoneal cavity, we speculated
that APD may influence the activation state of PMs. In
fact, our results indicate that the proportion of M1 PMs
in APD rats decreased significantly while the proportion
of M2 PMs increased slightly when compared with
the proportions in SAP rats. From a recent point of
view, it has been suggested that macrophages do not
exist as distinct M1 or M2 phenotypes but rather as a
continuum of overlapping functional states, and the
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transition between the M1 to M2 phenotype is a dynamic
[10]
process . Therefore, we calculated the M1/M2 ratio to
reflect the dynamic balance of macrophage polarization.
The results indicate that the M1/M2 ratios in SAP rats
and APD rats were 7.286 ± 4.22 vs 1.278 ± 0.481,
respectively. Although M1 polarization was dominant
in both groups, there was a trend to skew the balance
towards the M2 phenotype in the APD group.
The mechanism by which APD polarizes PMs towards
an M2 phenotype in the peritoneal cavity remains
unknown; however, based on the above findings, we
infer that APD might eliminate the comprehensively
inflammatory environment, which provides an
environment suitable for the survival of M2 macrophages
and enhances the M2 polarization of PMs. The increase
in the number of M2 macrophages in turn leads to the
production of anti-inflammatory cytokines. To validate
the effect of APD on the polarization of macrophages,
lavage from each group was used to treat the primary
cultured PMs. Consistent with the in vivo experiments,
the number of M2 PMs increased in the APD group.
Studies have shown that polarizing macrophages
towards the M2 phenotype ameliorates many chronic
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pancreatitis (SAP) occurs, the inflammatory cells are activated following acinar cell injuries and exudate full of pro-inflammatory mediators collects in the peritoneal
cavity, which can polarize the peritoneal macrophages (PMs) towards the M1 phenotype and lead to the overexpression of pro-inflammatory mediators by PMs. By
removing the pancreatitis-associated ascitic fluids, abdominal paracentesis drainage (APD) could improve the inflammatory environment of the peritoneal cavity, thus
promoting M2 polarization of PMs in the peritoneal cavity. Meanwhile, APD could also promote M2 polarization of macrophages in pancreatic tissues. These events
could upregulate the expression of anti-inflammatory cytokines, which ultimately ameliorate pancreatic injury. APD: Abdominal paracentesis drainage; SAP: Severe
acute pancreatitis.
[21]

inflammation and autoimmune diseases , such as
[22]
[23]
[24]
SLE , rheumatoid arthritis
and colitis . Many
[25]
methods have been used to induce M2 polarization .
However, most of the reports are in vitro experiments,
and the therapeutic effect of M2 macrophages on acute
[26]
inflammatory disease
is rarely reported. Although
[27]
Xu et al
induced M2 polarization in primary cultured
liver macrophages from rats with acute pancreatitis,
they did not report any therapeutic effect of these cells
in SAP. One possible reason is that large amounts of
pro-inflammatory cytokines are released when the
inflammatory cascade is activated, which overwhelmingly
skews the M1/M2 balance towards M1 polarization in
vivo. Our successful induction of the M2 polarization of
PMs in SAP rats in vivo is a new attempt to utilize the
advantages of M2 macrophages to ameliorate acute
inflammatory diseases.
In addition, our findings demonstrate that the number
of M2 macrophages also increased in the pancreas of
SAP rats; however, only trace amounts of macrophages
in the peripheral blood and bone marrow were polarized
(data not shown). The data imply that the increase
in the number of M2 macrophages in the pancreas is
independent of the number of CD68+CD163+ cells in
the peripheral blood and bone marrow. In our analysis,
M2 macrophages may have migrated from the peritoneal
cavity to the pancreas and regulated the immune
responses in the pancreas of SAP rats. PMs have been
reported to selectively migrate to the specific sites of
[21]
inflammation in a colitis rat model , indicating that PMs
could directly migrate to the focal zone in the peritoneal
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cavity. Moreover, the protein level of Arg-1, which is a
key modulator in regulating T-lymphocyte functions and
[28]
maintaining immunological tolerance , also increased.
However, whether the M2 macrophages in the pancreas
are PMs migrating from the peritoneal cavity still needs
to be proven.
In conclusion, our findings suggest that APD treat
ment exerts anti-inflammatory effects to ameliorate SAP
by regulating PM M2 polarization, thereby increasing the
number of M2 macrophages and Arg-1 protein levels in
the pancreas; these findings provide novel insights into
the mechanisms underlying the therapeutic effect of
APD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Severe acute pancreatitis (SAP) is a highly lethal disease with limited
therapeutic options and is characterized by a critical systemic inflammatory
response. Pancreatitis-associated ascitic fluids (PAAF) play an important role
in the pathogenesis of SAP because of the pro-inflammatory mediators the
PAAF contain. Our previous studies suggested that APD ameliorates SAP by
removing the PAAF. However, the mechanism underlying the success of APD
treatment remains poorly understood. In the present study, we aimed to explore
the possible mechanism by which APD ameliorates SAP.

Research motivation

The key issue in treating SAP is to control the activated inflammatory cascade
and restore immune homeostasis. Peritoneal macrophages (PMs), crucial
inflammatory cells in the abdominal cavity, are implicated in the initiation and
progression of SAP in the early stage, and the function of PMs is regulated by
the PAAF. In this study, we found that APD treatment exerts anti-inflammatory
effects by regulating the M2 polarization of PMs, providing novel insights into
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the mechanisms underlying the therapeutic effect of APD.

Research objectives

The aim of this study was to determine the polarization phenotypes of PMs
and the corresponding inflammatory responses in a rat model of SAP following
APD treatment and to explore the possible mechanism by which APD treatment
ameliorates SAP.

7

Research methods

8

The effect of APD on the polarization response of PMs was determined in an
SAP rat model induced by 5% Na-taurocholate retrograde injection and in a
peritoneal inflammatory environment simulated by adding peritoneal lavage to
culture medium in vitro. HE staining and measurement of the levels of amylase,
lipase, and inflammatory mediators were performed. The M1/M2 phenotype
ratio of PMs was identified by flow cytometry and RT-PCR. The distribution of
macrophages and their protein expression in the pancreas were determined by
immunofluorescence staining and Western blot.

9

Research results

10

APD treatment ameliorates SAP by significantly reducing the pathological
scores and the levels of amylase, lipase, tumor necrosis factor-α, and
interleukin (IL)-1β. Importantly, APD treatment polarizes PMs towards the M2
phenotype and increases the anti-inflammatory mediators IL-4 and IL-10 in
the peritoneal lavage. Furthermore, PMs exhibited a trend towards the M2
phenotype in a simulated peritoneal inflammatory environment in vitro. Finally,
APD treatment increased the number of M2 macrophages and upregulated the
expression of the anti-inflammatory protein Arg-1 in the pancreas of SAP rats.

11

12

Research conclusions

APD treatment exerts anti-inflammatory effects by regulating the M2 polarization
of PMs, providing novel insights into the mechanisms underlying its therapeutic
effect.

13
14

Research perspectives

Our study provided evidence for the first time that APD ameliorates
inflammation in rats with SAP by regulating PM M2 polarization. However, solid
evidence that APD polarizes PMs to the M2 phenotype and the underlying
molecular mechanism still need to be explored. Furthermore, future research
should focus on the effect of M2 macrophages on immune homeostasis
restoration and tissue repair in the injured pancreas.

15
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rectal cancer (LAPRC) in patients included in a national
prospective database.
METHODS
Few studies report on PE in patients with LAPRC.
For this study, we included PE for LAPRC performed
between 2006 and 2017, as available, from the
Rectal Cancer Registry of the Spanish Association of
Surgeons [Asociación Española de Cirujanos (AEC)].
Primary endpoints included procedure-associated
complications, 5-year local recurrence (LR), disease-free
survival (DFS) and overall survival (OS). A propensitymatched comparison with patients who underwent
non-exenterative surgery for low rectal cancers was
performed as a secondary endpoint.

INTRODUCTION
Colorectal cancer is the fourth cause of cancer-related
[1]
death in United States . A recent analysis of the SEER
programme concerning age-specific annual percent
change in incidence rates from 2000 to 2013 showed
that the incidence of rectal cancer and advanced
disease has slightly decreased, but it is less than that
[2]
of colon cancer . Five-year survival is influenced by
tumour stage, ranging from 90% in cancer confined
to the primary site and 71% in those with local node
[3]
involvement to 14% in Stage IV . One-third of newly
diagnosed rectal cancers in the United Kingdom will be
locally advanced at the time of diagnosis, accounting for
[4,5]
more than 4600 cases of cancer per year .
Recent advances in the multimodal management
of patients with rectal cancer invading local structures
have led to an increase in the rate of patients amenable
to receive surgery along the anatomical planes after
neoadjuvant treatment. Nevertheless, a relatively high
number of patients might still be found with tumours
[4]
invading surrounding organs .
Pelvic exenteration (PE) is a technically demanding
procedure involving “en-bloc” excision of the rectum and
adjacent invaded organs, aiming at obtaining diseasefree resection margins. Over time, contraindications
to such a demolitive approach have been gradually
reduced as a result of perioperative patient conditioning,
increased surgical experience, and postoperative multidi
[5-7]
sciplinary management . Surgery beyond the total
mesorectal excision (TME) plane and involving sacrifice
of other pelvic organs for locally recurrent or advanced
rectal cancer has been analogous to a “sarcoma-like”
[6,8-10]
procedure
, during which several surgical teams
and specialties need to be involved. PE for rectal cancer
brings higher risks of complications, ranging from 25%
[5,8,11]
to 42%
, with studies reporting higher rates when
[12]
PE for other-than-rectal cancers is included . The
high incidence of complications is downplayed by the
survival benefits obtained by excision of the pelvic mass
[7,8,12-14]
with microscopically negative margins (R0)
. Few
studies have focused on the outcomes of PE in locally
advanced primary rectal cancer (LAPRC), although
an increasing number of patients are being offered
this extensive procedure. A recent study of the PelvEx
Collaborative found that the median life expectancy after
curative PE for LAPRC surpasses 40 mo, but median
survival after resections with macroscopically involved
[14]
margins drops to less than one year .
As part of a national quality improvement programme
in the treatment of rectal cancer, the Spanish Association
of Surgeons [“Asociación Española de Cirujanos” (AEC)]
[15]
started an online database in which all primary rectal

RESULTS
Eight-two patients were included. The mean age was 61.8
± 11.5 years. More than half of the patients experienced
at least one complication. Surgical site infections were the
most common complication (abdominal wound 18.3%,
perineal closure 19.4%). Thirty-three multivisceral
resections were performed, including two hepatectomies
and four metastasectomies. The long-term outcomes of
the 64 patients operated on before 2013 were assessed.
The five-year LR was 15.6%, the distant recurrence rate
was 21.9%, and OS was 67.2%, with a mean survival of
43.8 mo. R+ve resection increased LR [hazard ratio (HR)
= 5.58, 95%CI: 1.04-30.07, P = 0.04]. The quality of
the mesorectum was associated with DFS. Perioperative
complications were independent predictors of shorter
survival (HR = 3.53, 95%CI: 1.12-10.94, P = 0.03). In
the propensity-matched analysis, PE was associated with
better quality of the specimen and tended to achieve
lower LR with similar OS.
CONCLUSION
PE is an extensive procedure, justified if disease-free
margins can be obtained. Further studies should define
indications, accreditation policy, and quality of life in
LAPRC.
Key words: Pelvic exenteration; Advanced rectal cancer;
Colorectal surgery; Complication; Outcome
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pelvic exenteration (PE) for locally advanced
primary rectal cancer (LAPRC) is associated with high
rates of perioperative adverse events, but the survival
benefit obtained when R-ve margins are achieved
outweighs this risk. In low LAPRC, PE achieved better
pathologic outcomes, resulting in a trend towards
reduced LR compared with non-exenterative procedures.
Pellino G, Biondo S, Codina Cazador A, Enríquez-Navascues JM,
Espín-Basany E, Roig-Vila JV, García-Granero E, on behalf of
the Rectal Cancer Project. Pelvic exenterations for primary rectal
cancer: Analysis from a 10-year national prospective database.
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oncologic outcomes after PE compared with patients in
the registry who underwent TME for distal rectal cancer
surgery during the same timeframe, with a propensitymatched analysis.
The online database allows the investigators to
classify the type of intervention performed. Only “PE”
interventions were included in the analysis and consisted
of either posterior (removal of rectum, internal genital
organs in female) or total (removal of rectum and
bladder, in male and female). Indications for surgery and
perioperative management were not standardized before
starting the study, although most centres followed the
[19]
agreed-upon criteria .
Thirty-day complications were collected, and the
responsible collaborator at each centre updated the
[18,20]
data on oncologic outcome yearly
.
Specimen assessment and reporting have been
[18,20,21]
previously described
. Briefly, margins were
considered tumour-free if no microscopic involvement
was seen at pathology. The circumferential resection
margin was considered involved if cancer cells were
[20]
found 1 mm or less from the margin . The quality of
the mesorectum and abdominoperineal excision was
[20-23]
scored using three grades as described by others
.
LR was defined as a mass near or at the same place
as the original tumour, after a period of time in which
the tumour was not detected. LR was included only if
an imaging exam proved the recurrence combined with
raised CEA.
DFS was defined as time to develop a distant
disease relapse that was not present or suspected at
primary surgery. Distant metastases included paraaortic and inguinal nodes.
OS was defined as time to death for any reason.
Detailed definitions and scope of the registry have been
[15,18,20]
previously reported
(http://www.aecirujanos.es/
images/stories/recursos/secciones/coloproctologia/2015/
proyecto_vikingo/documentos/definiciones_proyecto_viki
ngo.pdf).
For the secondary aims, the group that was pro
pensity matched with PE included all patients from the
database with low rectal cancer who underwent TME
surgery with abdominoperineal excision, extralevator
abdominoperineal excision, and low anterior resection
between March 2006 and December 2013.

Local recurrence
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Figure 1 Overall local recurrence after pelvic exenteration for locally
advanced primary rectal cancer.

cancers were prospectively included on a voluntary basis.
Data on patients undergoing PE were also recoded.
The aims of this study are to assess the short- and
long-term outcomes of PE for primary LAPRC in patients
included in the AEC registry and to compare the oncologic
results of PE with a matched group of patients treated
with non-exenterative TME during the study timeframe.

MATERIALS AND METHODS
This study complies with the STROBE statement for
[16]
observational studies
(Flowchart in Supplementary
Figure 1; checklist available as uploaded STROBE
Statement). In 2006, the AEC established a national
audit project to improve the outcomes of rectal cancer
surgery. The project was named “Viking” because it was
[17]
inspired by the project from Norway
and followed
[18]
the same principles . Between 2006 and 2017, 105
Spanish hospitals joined the online registry, with over
18000 patients included. The aim of this study was to
assess morbidity and long-term outcomes of PE for
LAPRC.

Inclusion and exclusion criteria

We included patients who underwent PE for LAPRC
between 2006 and 2017. The patients were only
included if they underwent surgery with curative intent.
For the survival analysis, only patients with a minimum
follow up of 5 years were evaluated.
The patients who were unfit for surgery, those who
underwent palliative surgery, those diagnosed with
other malignancies besides colonic malignancies, and
those with unsatisfactory information were excluded
from the analysis.

Statistical analysis

Continuous variables are reported as the means ±
standard deviations (SD), and categorical variables are
reported as the numbers with percentages (%).
For the secondary aims, the propensity-matched
analysis for complications was carried out based on the
following variables: American Society of Anesthesiologists’
(ASA) score, neoadjuvant treatment, and pT stage. Only
patients with cancer of the lower third of the rectum (0-6
cm from anal verge) who underwent curative TME surgery
were included.
Categorical variables were compared with Fisher’s
exact test and Chi square test as appropriate, whereas

Endpoints and definitions

The primary aims of this study were: (1) short-term
morbidity and mortality of PE for LAPRC; (2) overall
5-year local recurrence (LR), disease-free survival (DFS),
and overall survival (OS). Secondary outcomes included
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hospital of 2.5 ± 3.1 overall.

Table 1 Demographic, preoperative, and surgical details for
82 pelvic exenterations n (%)
Variable

Baseline patient characteristics and surgical details

Demographics and perioperative features are sum
marized in Table 1. The mean age of the patients was
61.8 ± 11.5 years, 65.9% were men, 34.1% were
women, and 45.1% were classified as ASA ≥ III. Most
patients were staged as MRcT4 [T4 with magnetic
resonance (MR)] and had extensive nodal involvement.
The tumour was located in the proximal third of the
rectum (15-11 cm) in 18 (22%) patients, in the middle
third (10-7 cm) in 31 (37.8%) patients, and in the distal
third (6-0 cm) in 33 (40.2%) patients. Seven patients
underwent PE with concomitant distant metastases.
Neoadjuvant treatment was offered to 72% of patients
and included radiotherapy in 93% of them. No data were
available concerning time to surgery after treatment.
Fifty-four (65.9%) patients received postoperative
chemotherapy, which was associated with radiotherapy
in 6 (11.1%). An anastomosis was attempted in 15
patients. In the latter group, eight patients received
preoperative radiotherapy and postoperative treatment
was given in nine, including radiotherapy in two.
Thirty-three multivisceral resections were performed,
including two hepatectomies and four metastasectomies.
One liver lesion was treated with radiofrequency ablation.
One patient received peritonectomy.

Value

Age, yr
Gender
Male
Female
ASA score
I
II
III
IV
Obstruction
MR T
T3
T4
Missing
MR N
N0
N1
N2
Missing
Sphincters involved
Metastasis at presentation
Neoadjuvant treatment
Long course RT
Long course CRT
CxT
Short Course RT
CxT followed by RT
Adjuvant treatment
CRT
CT
Perioperative transfusions, n
Anastomosis
Synchronous metastasis resected

61.8 (11.5)
54 (65.9)
28 (34.1)
3 (3.7)
42 (51.2)
33 (40.2)
4 (4.9)
5 (6.1)
13 (15.9)
56 (68.3)
13 (15.9)
11 (13.4)
24 (29.3)
35 (42.7)
12 (14.6)
22 (26.8)
7 (8.5)
59 (72)
3 (5)
41 (69.5)
4 (6.8)
4 (6.8)
7 (11.9)
54 (65.9)
6 (11.1)
48 (88.9)
3.4 (2)
15 (18.3)
4 (6.8)

Primary aim: Short-term outcomes and pathology

Perioperative death rates did not exceed 2.5%. More
than half of the patients experienced at least one
complication, and 10% required reoperation. Intraabdominal septic complications occurred in 10% of the
patients.
Surgical site infections affected the abdominal
wound in 18.3% and the perineal closure in 19.4% of
those who did not receive an anastomosis. Short-term
outcomes are reported Table 2.
Table 3 depicts pathological outcomes. Most cancers
were pT4b (36.6%), with significant reduction of cN2
rate in favour of pN0 (40.2%) and pN1 (20.7%). The
mean number of isolated nodes was well over 12 and
rarely harboured cancer (in 25.6%). Nineteen patients
(23.2%) received R+ve resection - one with both
circumferential and distal margins affected.
Twenty percent of patients did not have any
response to preoperative neoadjuvant treatment, one
patient had complete pathological response (1.7%),
and the remaining patients had a different spectrum
of response (detailed in Table 3). The quality of
[20-23]
mesorectum was classified as “good” (complete)
in
74.4% of patients.

Data are expressed as number of patients (%) or median (25-75 percentiles).
ASA: American Society of Anaesthesiologists; CRT: Chemoradiation
therapy; CxT: Chemotherapy; MR: Magnetic resonance; RT: Radiotherapy.

continuous variables were compared with Mann-Whitney
U test.
Kaplan-Meier survival curves were generated to
assess 5-year survival, and log rank test was used for
comparisons when applicable. Cox regression analysis
was used to identify predictors of LR, DFS, and OS,
including the following variables: resection margin
status, quality of mesorectum, neoadjuvant treatment,
adjuvant treatment, and perioperative complications.
The results are reported as hazard ratio (HR) with 95%
confidence intervals (95%CI). HR > 1 is associated with
increased risk. Patients lost at follow up were classified
as censored.
P values < 0.05 were considered statistically significant.
The Statistical Package for Social Sciences (SPSS version
24.0.0; IBM SPSS statistics, IBM Corporation, Armonk,
NY) was used for the descriptive analyses.

Primary aim: Recurrence and survival

For the purpose of long-term outcomes, we excluded 18
patients who received PE after 2013, thereby analysing
64 patients.
The five-year LR was 15.6%, the distant recurrence

RESULTS
We analysed data on 82 patients undergoing PE for LAPRC
in 33 hospitals, with a mean number of procedures per
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to increase the risk of LR (HR = 5.58, 95%CI: 1.04-30.07,
P = 0.04), and partially good or bad quality mesorectum
to predict shorter DFS (HR = 4.37, 95%CI: 1.02-18.65,
P = 0.04, and HR = 6.29, 95%CI: 1.2-32.94, P =
0.03, respectively). Perioperative complications were
independent predictors of shorter survival (HR = 3.53,
95%CI: 1.12-10.94, P = 0.03).

Table 2 Short-term outcomes n (%)
Variable

Value

Complications, any
Reoperation
Perioperative death
Sepsis
Abdominal Surgical Site Infection
Abdominal hernia
Perineal Wound Complications
Intra-abdominal septic complications
Injury to hollow viscera
Ileus
Urinary tract complications
Pulmonary complications
Neurological complications
Multiorgan failure
CVC infection
Acute kidney failure

45 (54.9)
8 (9.8)
2 (2.4)
4 (4.9)
15 (18.3)
2 (2.4)
13/67 (19.4)
8 (9.8)
2 (2.4)
9 (11)
9 (11)
8 (9.8)
2 (2.4)
2 (2.4)
2 (2.4)
2 (2.4)

Secondary aims: Propensity-matched sub-analyses in
lower rectum

The propensity match analysis identified 51 patients
who received either PE (n = 26) or non exenterative
TME (n = 25) for primary adenocarcinoma of the
lower rectum. Patient characteristics are summarized
in Table 4. TME patients more frequently received an
anastomosis (3.8% vs 80%, PE vs TME, P < 0.001)
and were less likely to need transfusions (P = 0.035).
PE was associated with better quality of the specimen,
consisting of fewer R+ve resections and higher rates of
good quality mesorectum.
LR tended to be lower in patients who received PE
compared with TME (P = 0.34) (Supplementary Figure
2), with comparable OS (P = 0.96) (Supplementary
Figure 3).

Data are expressed as number of patients (%) or median (25-75
percentiles). CVC: Central venous catheter.

Table 3 Pathological outcomes and survival n (%)
Variable

Value

pT
Tx
T0
T2
T3a,b
T3c,d
T4a
T4b
Missing
pN
Nx
N0
N1
N2
Missing
Nodes isolated
Positive nodes
Resection margins involved
Response to neoadjuvant treatment (n = 59)
Complete
Islands of tumour cells
Predominantly fibrotic
Predominantly tumour nests
No response
Missing
Quality of mesorectum[20-23]
Good/complete
Partially good/near complete
Bad/incomplete
Missing

2 (2.4)
1 (1.2)
2 (2.4)
6 (7.3)
13 (15.9)
27 (32.9)
30 (36.6)
1 (1.2)

DISCUSSION
The present study showed good survival following PE
for LAPRC in a cohort of patients included in a national
prospective database. The procedure brings a significant
risk of complications, occurring in 50% of patients, and
non-negligible perioperative death rates. Pathological
outcomes and long-term survival justify such extensive
operations. Negative resection margins were achieved
in 76.8% of patients and were associated with reduced
rates of LR. Complications impaired 5-year survival.
Comparing patients who underwent PE vs TME for
low rectal cancer, PE showed a trend towards better
specimen quality and lower rates of R+ve resection and
tended to have longer LR-free intervals.
Since the first description of PE for gynaecologic
[6,24]
cancer in 1948
, the procedure has been adopted
with increasing success rates in patients with rectal
[8,12-14,25-27]
cancer
. The PE of colorectal interest involves
“en bloc” resection of the cancer and of the surrounding
structures/organs, namely, the rectum, distal colon,
internal reproductive organs, draining lymph in posterior
PE (also known as composite resections) or bladder, lower
ureters, rectum, distal colon, sacrum, reproductive organs,
[6,28]
draining lymph nodes and peritoneum in total PE
.
Perioperative complications in our study were in
line with rates reported in the literature. A systematic
[29]
review
with 23 studies found that postoperative
complications ranged between 37% and 100% (median
57%) and that perioperative mortality ranged between
0% and 25% (median 2.2%) after PE for LAPRC and
recurrent cancer. The studies including all types of
pelvic malignancies reported a complication rate as

25 (30.5)
33 (40.2)
17 (20.7)
6 (7.3)
1 (1.2)
15.5 (10.6)
1.1 (0.4)
19 (23.2)
1 (1.7)
1 (1.7)
20 (33.9)
21 (35.6)
12 (20.3)
4 (6.8)
61 (74.4)
9 (11)
8 (9.8)
4 (4.9)

Data are expressed as number of patients (%) or median (25-75
percentiles).

rate was 21.9%, and OS was 67.2%, with a mean
survival of 43.8 mo (Figures 1-3). Oncologic outcomes
tended to be worse in pN+ patients in all dimensions,
although these differences did not reach statistical
significance.
The Cox regression analysis identified R+ve resection
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Table 4 Propensity-matched analysis n (%)

Male
Age at surgery
ASA score
I
II
III
IV
Obstruction
Neoadjuvant treatment
Adjuvant treatment
Anastomosis
T Stage
pT3a,b
pT3c,d
pT4a
pT4b
pTx
Resection margins involved
Perforation
Transfusions
Quality of the mesorectum[20-23]
Good/Complete
Partially good/Nearly complete
Bad/Incomplete

Pelvic exenteration n = 26

Non-exenterative total mesorectal excision
n = 25

P value

18 (58.1)
63.1 ± 8.6

13 (52)
62.3 ± 13.7

0.208
0.794
0.957

1 (3.8)
11 (42.3)
12 (46.2)
2 (7.7)
1 (3.8)
21 (80.8)
19 (73.1)
1 (3.8)

1 (4)
11 (44)
12 (48)
1 (4)
0
21 (84)
21 (84)
20 (80)

1 (3.8)
6 (23.1)
7 (26.9)
11 (42.3)
1 (3.8)
5 (19)
2 (7.7)
2.6 ± 2.4

1 (4)
6 (24)
7 (28)
11 (44)
0
7 (28)
4 (16)
1.12 ± 2.4

16 (69.6)
4 (17.4)
3 (13)

13 (52)
8 (32)
4 (16)

0.322
0.762
0.343
< 0.001a
0.913

0.426
0.357
0.035a
0.351

a

P: statistically significant. ASA: American Society of Anaesthesiologists.

Disease-free survival

Overall survival

1.0

1.0
Censored

Censored
0.8
Cumulative survival

Cumulative survival

0.8
0.6
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0.2

0.6
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Figure 3 Overall survival after pelvic exenteration for locally advanced
primary rectal cancer.

Figure 2 Overall disease-free survival after pelvic exenteration for locally
advanced primary rectal cancer.
[6]

high as 64% . In more recent series, complications
occurred in 27.7% to 42.2% of patients who underwent
[5,11,13,26]
PE for LAPRC
. Irrespective of ASA score, the
rate of patients developing serious complications
might be similar to that observed after TME anterior
[11,30]
resection
. In our series, the rate of patients who
developed complications needing reintervention was
10%. Surgeons willing to set up units dedicated to PE
need to be prepared to long postoperative stays and
[19]
significant morbidity, even in experienced hands ;
early diagnosis and proactive management will be
[31]
important to reduce their effects. Hsu et al
have
discarded any influence of perioperative complications
on survival after LAPRC surgery, but in our series,
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complications were independently associated with
shorter life expectancy (HR = 3.53, 95%CI: 1.12-10.94,
P = 0.03). These findings need to be carefully evaluated
[32]
in the context of surgeon-specific outcomes
and
[33]
learning curves associated with PE , and any attempt
should be made to reduce complications, e.g., being
very selective in performing anastomosis and including
a dedicated anaesthetist in the multidisciplinary team to
[5,19,30]
allow for patient optimization
.
The rate of R+ve resection in our study was similar
to other reports but likely improvable. Combined with
the quality of the excised specimen, it represents a
reliable surrogate marker for LR and survival after
[6,7,8,25]
PE
. The number of lymph nodes harvested in

5149

December 7, 2018|Volume 24|Issue 45|

Pellino G et al . PE for LAPRC
specimens from patients who underwent neoadjuvant
treatment is matter of debate in the vast majority
of cases, and the PelvEx collaborative found it to be
[13]
significantly associated with survival . The mean
number of nodes isolated from the specimen was
higher than 12, which is the minimum acceptable
number for TME. However, in this series, the effect on
oncologic outcome was less obvious when comparing
pN+ and pN- patients. Given the importance of pT and
[34]
pN status in colorectal cancer , this issue needs to
be further investigated in LAPRC. We confirmed that R
status was an independent predictor of LR, which was
impaired by five-fold in the event of positive resection
margins. Statistical significance was maintained even
if we observed a wide CI; cautious interpretation is
needed, but the clinical relevance is unquestioned.
[5]
Kontovounisios et al analysed the performance of
dedicated PE MDT at a single unit, and they achieved
an R0 rate of 93% by the last year of their report.
Interestingly, there was an inverse relation between
the number of referrals (increasing over time) and the
relative number of procedures performed (decreasing).
This outcome resulted from better patient selection and
better surgical timing in the context of multidisciplinary
treatment. Other series reported rates of R+ve
[11,13]
resections similar to the one in our analysis
.
OS after PE for LAPRC is intertwined with the
[8,13]
radicality of resection and recurrence
. The largest
international, prospective study on PE for LAPRC included
1291 patients from 14 countries and showed a median
5-year survival of 43 months. The rate of patients who
were alive at 5-year follow up from our database was
67.2%, which is at or above the upper limit of the ranges
[6,12,26,30]
reported in the literature
. Reasons that could
justify this finding include surgery probably not being
offered to patients who might have been operated on
in other centres with a more aggressive policy, e.g.,
patients with pelvic bone involvement. According to the
[19]
beyond TME collaborative , only poor performance
status/medically unfit patients, bilateral sciatic nerve
involvement and circumferential bone involvement
should be considered absolute contraindications to
surgery. A more conservative approach in patients from
the database appears to be a reasonable option. Another
reason could be early referral to hospitals with dedicated
units. Lastly, individual investigators might have decided
not to include patients with more complex disease and
predictable poorer outcomes.
The ideal management of patients with LAPRC arising
in the lower rectum is still a matter of debate. Given
the excellent results in terms of tumour clearance and
quality of life achieved with TME, mutilating approaches
such as PE are deemed overtreatment in many patients.
However, this part of the rectum is associated with higher
rates of complications, and optimizing the outcomes
of surgery for LAPRC of the lower third is still matter of
[35,36]
research
. After adjusting two groups of patients with
a propensity-matched analysis, we observed a trend
towards better specimen quality and increased LR-free
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intervals with similar OS. These findings need further
evaluation and should be considered when planning
future studies on PE or involving low rectal cancers.

Limitations

This study has several limitations, and our findings
should be interpreted with caution. Voluntary inclusion
of patients in registries might account for a selection
bias, even if they are prospective. The analysis covered
a 10-year timeframe and included patients operated on
different centres. Multidisciplinary patient management
[5]
is crucial in PE , and variability between hospitals could
not be removed. However, there are no universally
agreed-upon guidelines to indicate or contraindicate
PE in LAPRC, despite the latest available beyond-TME
Collaborative position paper, which advocated the need
[19]
for further research on the topic as a matter of priority .
No validation of the data was planned. LR was dia
gnosed by raising CEA associated with imaging proving
recurrence, and this might have underestimated the
actual incidence. Quality of life was not available in this
study. Health-related quality of life and social function are
of paramount importance in patients who are candidates
for PE and should be considered an important endpoint
of LARC surgery. The stressful experience that patients
and families go through after receiving a diagnosis
and when they are forced to face an advanced and
aggressive disease is made even more difficult when
the perspectives of the necessity of a definitive stoma
(sometimes more than one) are considered. However,
no dedicated questionnaires or assessments have been
proposed and validated in this group of patients and
should therefore be considered a research priority.
This study has strengths. Limited series of PE for
LAPRC have been reported, and the findings described
herein represent the second largest study with 5-year
follow up available after the PelvEx Collaborative study.
We suggested that patients with LAPRC of the lower third
might benefit from a more aggressive surgical approach,
and future studies could be designed to confirm the
survival advantage in this group of patients. Some
centres advocated PE in patients with liver metastases.
The numbers were too small to conduct sub-analyses,
and results could be misleading. Interestingly, distant
metastases are usually a contraindication to PE in most
[5]
referral centres . As per the available position paper,
LAPRC with metastases amenable to resection could
benefit from PE, on the condition that a dedicated
MDT agrees to the indication. In agreement with the
[19]
statements of the beyond TME Collaborative , the
outcomes of PE should be separately reported, and our
manuscript only included this homogeneous group of
patients.
PE is an extensive procedure with significant rate of
perioperative adverse events. The analysis of a national
database on LAPRC treated with PE over 10 years
confirmed the survival benefit of the procedure, which
overwhelms the morbidity and mortality associated
with it. The rates of LR, DFS and OS were in line with
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associated with fewer blood transfusions (P = 0.035) and more anastomoses (P <
0.001). However, resections with involved margins were less common after PE.

most of the reported studies, but any effort should be
made to improve these results (e.g., via centralization,
adherence to prospective registries and auditing,
dedicated training). Disease-free resection margins (R0)
comprise the aim of surgery, as they predict LR. PE
should be carried out in dedicated units under the care
of MDT to reduce or promptly treat complications, which
impair long-term survival.
Compared with non-exenterative TME surgery, PE
was associated with longer disease-free intervals and
achieved similar OS in patients with LAPRC for low
rectal cancer.
Further studies are needed to clarify patient selection
pathways and referral centre accreditation policies, and
to assess quality of life after PE.

Research conclusions

PE is an extensive procedure with a significant rate of perioperative adverse
events. However, our analysis of patients with LAPRC treated with this
procedure over 10 years confirmed that the survival benefits justify an
aggressive attitude, provided that oncologic clearance is achievable. These
procedures must be performed in a dedicated unit, and patients be managed
under the care of multidisciplinary teams.

Research perspectives

An aggressive attitude could confer a significant survival gain in carefully
selected patients with LAPRC. The use of national and International registries
is of great value to monitor the performance of centres dealing with PE and
internal auditing; therefore, their use should be encouraged.
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Research motivation

Previous studies suggested that an aggressive approach, with surgery
combined with other treatment modalities, might confer good outcome in terms
of tumour clearance and survival in locally advanced primary rectal cancer
(LAPRC). Few reports have been published detailing the outcome of nationwide
databases.

Research objectives

This study aimed to investigate the outcome of PE for primary rectal cancer
in patients included in the National Spanish Association of Surgeons Rectal
Cancer Registry.

Research methods

This is a retrospective, observational study drafted according to the STROBE
statement. Patients who underwent PE for LAPRC between 2006 and 2017 and
who were registered in the Spanish Registry of Rectal Cancer of the Spanish
Association of Surgeons were included if surgery was performed with curative
intent and if 5-year follow up had been completed.
Short-term morbidity and mortality of the procedure and 5-year oncologic
outcome represented the primary aims of this study. Secondary aims included a
comparison of outcomes with a matched group of patients from the registry who
underwent non-exenterative surgery for low rectal cancer during the same time
frame.

Research results

PE were associated with perioperative mortality in approximately 2.5% of
patients, and perioperative morbidity was common. More than 50% of patients
had at least one complication, which required reoperation in 10%. Up to 10% of
patients suffered from intra-abdominal septic complication. Wound-associated
complications at the perineum were common, almost reaching 20%. The rate of
resections with margins that involved tumours was 23%, and good quality of the
mesorectum was achieved in 74% of specimens.
Oncologic outcome was acceptable, with good life expectancy provided
a free-free resection margin had been achieved. An involved margin was
independently associated with increased risk of local recurrence [hazard
ratio (HR) = 5.58, 95%CI: 1.04-30.07, P = 0.04]. Survival was impaired by
perioperative complications [HR = 3.53, 95%CI: 1.12-10.94, P = 0.03].
In terms of comparison with non-exenterative procedures, the latter were
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models. Early recurrence (≤ 24 mo) and correlated
parameters were assessed using univariate and
multivariate logistic regression models.
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independent predictors of tumor recurrence (Hazard
ratios = 3.26, 3.42, and 2.06, P < 0.001, P < 0.001, and
P = 0.002, respectively), and a nomogram for predicting
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Core tip: Recurrences of pT1N0 esophageal squamous
cell carcinoma (ESCC) after esophagectomy are
usually metachronous regional lymph node or distant
metastases. We analyzed 199 thoracic pT1N0 ESCC cases
who underwent esophagectomy and thoracoabdominal
two-field lymphadenectomy. Forty-seven (24%) patients
had a recurrence during 3 to 178 (median, 33) mo.
Upper thoracic tumor location, angiolymphatic invasion,
and submucosal invasion thickness were independent
predictors of tumor recurrence, and a nomogram for
predicting recurrence-free survival with these three
predictors was constructed. These results should be
useful for designing optimal individual follow-up and
therapy for patients with T1N0 ESCC.

Abstract
AIM
To identify the clinicopathological characteristics of
pT1N0 esophageal squamous cell carcinoma (ESCC)
that are associated with tumor recurrence.
METHODS
We reviewed 216 pT1N0 thoracic ESCC cases who
underwent esophagectomy and thoracoabdominal
two-field lymphadenectomy without preoperative
chemoradiotherapy. After excluding those cases with
clinical follow-up recorded fewer than 3 mo and those
who died within 3 mo of surgery, we included 199 cases
in the current analysis. Overall survival and recurrencefree survival were assessed by the Kaplan-Meier method,
and clinicopathological characteristics associated with any
recurrence or distant recurrence were evaluated using
univariate and multivariate Cox proportional hazards
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in order to provide clues to optimal individual therapy.

MATERIALS AND METHODS
Patients and surgical procedures

Two hundred and sixteen pT1N0 thoracic ESCC patients
received esophagectomy with thoracoabdominal lympha
denectomy, without preoperative chemoradiotherapy, at
National Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, between
February 1990 and January 2004. After excluding those
cases with clinical follow-up recorded fewer than 3 mo
(n = 12) and those who died within 3 mo of surgery
(operative death, n = 5), we included 199 cases in the
current analysis.
For lesions in the upper third of the thoracic segment,
a three-phase abdominothoracic McKeown resection was
generally performed through a right thoracotomy. For
lesions in the middle and lower thirds, esophagectomy
was performed on the left side using a single-incision
Sweet approach. The tumor location was defined by the
position of the center of the largest invasive lesion of
each case (continuous invasive tongues were considered
as one invasive lesion, but discontinuous invasive
tongues separated by normal or dysplastic mucosa
were considered as multiple invasive lesions). This
study was approved by the Institutional Review Board
of the National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College (NCC
2014 G-47), and interpretation of anonymized data was
exempted from review by the Office of Human Subject
Research Protection of the NIH.

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of
the most common fatal malignancies worldwide, and
is especially common in East Asia, including China and
Japan. The prognosis of superficial (T1) ESCC is poor,
compared with T1 gastric or colorectal cancer. The long
longitudinally arranged collecting channels and plexuses
of lymphatics in the esophageal submucosa account for
the clinical observation that T1 esophageal cancer can
metastasize not only to the mediastinal lymph nodes,
but also to the cervical and abdominal lymph nodes far
distant from the primary tumor, and to distant organs
[1-3]
as well .
The presence of metastasis is the most important
prognostic factor for ESCC. The unfavorable prognosis
of patients with T1 ESCC is largely due to high rates
of both synchronous and metachronous metastases.
Recurrences of T1 ESCC after esophagectomy are
usually metachronous regional lymph node or distant
metastases, and are only infrequently due to anastomotic
recurrences. When recurrence occurs, the prognosis
is similar in patients who were node-negative or node[4]
positive at the time of the original surgery . Therefore,
patients found to have a high risk of recurrence after
esophagectomy need additional chemoradiotherapy.
However, only a few studies have evaluated the
clinicopathological characteristics associated with an
increased risk of a postoperative recurrence in pT1N0
ESCC patients. These studies have shown that invasion
depth of the primary tumor, lymphovascular invasion,
histologic grade, and tumor length are associated
[5-8]
with a high risk of recurrence . No previous studies
have separately evaluated the clinicopathological
characteristics that are associated with distant recurrence
or early recurrence in pT1N0 ESCC patients.
We previously reviewed 271 T1 ESCC esophagectomy
cases, and established a set of clinicopathological and
immunohistochemical indicators to identify patients
with a high risk of synchronous regional lymph node
[9]
metastasis . However, recurrence was observed in quite
a few pT1N0 ESCC cases. Thus, the identification of pT1N0
cases at high risk for recurrence is a very important
and challenging aspect of the clinical management of
these patients, to ensure appropriate use and maximum
benefit of additional therapies. In the present study,
we followed 199 pT1N0 thoracic ESCC cases in our
original esophagectomy case series and investigated the
clinicopathological characteristics that were associated
with recurrence, distant recurrence, and early recurrence,
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Macroscopic tumor types

Macroscopic tumor types were defined as we previously
[9]
described . Briefly, we classified the lesions into six
types, occult type (Paris classification 0-IIb), erosive
type (Paris classification 0-IIc or 0-IIa + IIc), papillary
type (Paris classification 0-Ip), plaque-like type (Paris
classification 0-Is or 0-IIa), ulcerative type (Paris
classification 0-III or 0-III + I), and intraluminal mass
[10,11]
(fungating) type (Paris classification 0-Ip)
. The
difference between the papillary type and the intraluminal
mass type is that the largest diameter is < 3 cm and ≥ 3
[9]
cm, respectively .

Standard histopathological variables

All histopathological variables were first reviewed and
graded independently by three pathologists (LX, SZ,
and LR), and discordant cases were reviewed jointly
until a consensus was reached. For the patients with
multicentric esophageal carcinomas, the histopathological
factors for the lesion with the greatest invasion depth
[9]
were evaluated .
Maximum depth of invasion was classified into five
levels: m2 (lamina propria mucosae), m3 (muscularis
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mucosae), sm1, sm2, and sm3 (superficial, middle, and
deep thirds of the submucosa, respectively). Degree of
differentiation was classified as well, moderate, poor,
[12]
basaloid or spindle cell/sarcomatoid .

or to the time of last follow-up, at which point, the data
were censored.
Four cases underwent radiotherapy after esopha
gectomy, due to upper resection margins being involved
by high grade dysplasia or as part of a randomized
clinical trial.

Measured histopathological variables

Tumor thickness (from the surface to the deepest
invasive front of cancer nests), submucosal invasion
thickness (from the bottom of the muscularis mucosae
to the deepest invasive front of the cancer nests), and
the diameter of the largest single tongue of invasion
were measured microscopically. Submucosal invasion
thickness was measured in submucosal cases, and
defined as 0 in mucosal cases.
[9]
In our previous study , 3000 μm for tumor thickness,
2000 μm for submucosal invasion thickness, and 2 cm
for the diameter of the largest single tongue of invasion
were found to be the best cut points for predicting lymph
node metastasis. Thus, we also used these cut points for
categorizing these measurements in this study.

Statistical analysis

Continuous variables such as age, tumor thickness,
and submucosal invasion thickness were analyzed after
categorization.
Overall and recurrence-free survival rates were
calculated and survival curves were constructed using
the Kaplan-Meier method, with significance evaluated
by the log-rank test. The associations between clini
copathological characteristics and any recurrence or
distant recurrence were determined using univariate
Cox proportional hazards analysis. A backward stepwise
multivariate Cox proportional hazards analysis was
applied for factors achieving a significance level of 0.05
in univariate analysis. Hazard ratios (HRs) with 95%
confidence intervals (CIs) were reported.
The associations between clinicopathological para
meters and early recurrence (≤ 24 mo after surgery)
were evaluated similarly, except using logistic regression
analysis.
All the above statistical analyses were performed
using SPSS 16.0 for Windows (SPSS, Chicago, IL,
United States), with a significance level of 0.05 on twotailed P-values.
A nomogram based on independent predictors for
the recurrence-free survival identified by multivariate
Cox proportional hazards analysis was constructed
using the rms package in R 3.4.2 software.

Tissue microarray construction and
immunohistochemistry

Details of the tissue microarray construction and the
immunohistochemical staining and scoring for Cyclin
[9]
D1, EGFR, and VEGF have been described previously .
We rescored p53 expression into three groups: weak or
patchy (wild type), complete loss (nonsense, frameshift,
or splice-site mutation type), and diffuse and strong
(missense mutation type). The latter two groups were
[13]
considered as aberrant p53 expression . In the present
study, the correlation between the expression levels of
these four markers and tumor recurrence was further
analyzed in the pT1N0 cases.

Follow-up

RESULTS

Follow-up and mortality data were mainly gathered from
clinical notes. Patients were evaluated at return visits
every 3 mo during the first 2 years after treatment,
every 6 mo for the following 3 years, and annually
thereafter according to hospital policy. At each visit,
physical examination, endoscopic examination, and CT
scan of the cervix, chest and abdomen were performed.
Suspicious recurrences were biopsied. Confirmation of
recurrence required imaging or pathological evaluation.
Information about tumor recurrence was updated every
time the patient came for a follow-up visit. For those
patients who did not come for a follow-up visit, data
were gathered by phone calls, and/or mail contact with
patients or their next of kin. The patients were followed
for a median of 72 mo and a maximum period of 263
mo.
Overall survival time was recorded as the number
of months from the date of surgery to the date when
death occurred, or to the time of last follow-up, at which
point, the data were censored. Recurrence-free survival
time was recorded as the number of months from the
date of surgery to the date when recurrence occurred,
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Clinicopathological features

The clinicopathological features of the 199 pT1N0 ESCC
patients are shown in Table 1. Seventy-one percent of
the patients were men. The average age was 56 years,
the median age was 57 years, and the age range was
34-77 years. Seventy-two percent of the tumors were
found in the middle thoracic region. For all of the 199
patients, a total of 3197 lymph nodes (median, 14)
were dissected.

Overall survival and recurrence-free survival

The 5-year and 10-year overall survival rates were
81.4% and 76.4%, respectively (Figure 1). Fortyseven (24%) patients had documented recurrences.
These recurrences occurred during 3-178 mo, with a
median of 33 mo. The 5-year and 10-year recurrencefree survival rates were 80.7% and 71.9%, respectively
(Figure 1). Mediastinal lymph nodes (21 patients, 11%)
were the most frequent site of recurrence, followed by
cervical lymph nodes (19 patients, 10%, with 8 left, 10
right, and 1 bilateral) (Table 2).
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Table 1 Summary of clinical, endoscopic, and histopathological characteristics of the 199 pT1N0 esophageal squamous cell
carcinoma patients n (%)
Characteristic

Patients

Clinical variable
Sex

Male
Female
< 60
≥ 60
No
Yes

142 (71)
57 (29)
121 (61)
78 (39)
13 (7)
186 (93)

Upper thoracic
Middle thoracic
Lower thoracic
< 2 cm
≥ 2 cm
Erosive
Papillary
Plaque-like
Ulcerative
Intraluminal mass

31 (16)
143 (72)
25 (13)
59 (30)
140 (70)
73 (37)
26 (13)
79 (40)
9 (5)
12 (6)

m2
m3
sm1
sm2
sm3
Well
Moderate
Poor
Basaloid
Spindle cell/sarcomatoid
No
Yes
No
Yes
< 14
≥ 14

21 (11)
26 (13)
18 (9)
45 (23)
89 (45)
39 (20)
76 (38)
56 (28)
19 (10)
9 (5)
172 (86)
27 (14)
183 (92)
16 (8)
90 (45)
109 (55)

< 3000 μm
≥ 3000 μm
0
0-2000 μm
≥ 2000 μm
< 2 cm
≥ 2 cm

85 (43)
114 (57)
47 (24)
85 (43)
67 (34)
134 (67)
65 (33)

Complete loss
Weak, patchy
Diffuse, strong
1+
2+
1+
2+
1+
2+

50 (39)
41 (32)
37 (29)
38 (30)
39 (31)
49 (39)
52 (41)
44 (34)
32 (25)
54 (44)
34 (28)
35 (28)

Age (yr)
Symptoms
Endoscopic variable
Tumor location

Tumor size (measured endoscopically)
Macroscopic tumor type

Standard histopathological variable
Tumor invasion depth level

Degree of differentiation

Angiolymphatic invasion
Multicentric invasive lesions
Number of lymph nodes dissected
Measured histopathological variables
Tumor thickness
Submucosal invasion thickness

Diameter of the largest single tongue of invasion
Immunohistochemical staining1
P53

Cyclin D1

EGFR

VEGF

1

Available in tissue microarray cases.

Analysis of factors predicting tumor recurrence

invasion thickness, and diameter of the largest single
tongue of invasion were significantly associated with
recurrence-free survival (P < 0.05) (Table 3).
In univariate Cox regression, upper thoracic tumor
location, ulcerative or intraluminal mass macroscopic

Using the Kaplan-Meier method, preoperative clinical
symptoms, tumor location, macroscopic tumor type,
tumor invasion depth level, degree of differentiation,
angiolymphatic invasion, tumor thickness, submucosal
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Table 2 Sites of recurrence in the 199 pT1N0 esophageal squamous cell carcinoma patients n (%)
Site of recurrence

Total patients
with recurrence

Local-regional recurrences1
Anastomosis
Cervical node
Mediastinal node
Abdominal node
Distant recurrences1
Lung
Liver
Bone
Brain
Pleura
Distant node
Multiple site recurrences
Mediastinal node and bone
Mediastinal node, cervical node,
and bone
Mediastinal node, pleura, and
bone
Mediastinal node and cervical
node
Cervical node and lung
Mediastinal node, cervical node,
and anastomosis
Mediastinal node, cervical node,
anastomosis, and pleura
Mediastinal node, cervical node,
and lung
Cervical node, bone, and lung
Mediastinal node, liver, and lung
Mediastinal node and brain
Unknown sites
Total recurrences

Patients by tumor location

Patients by macroscopic tumor type

Upper thoracic Middle thoracic Lower thoracic
Ulcerative or
Erosive, papillary, or
(n = 31)
(n = 143)
(n = 25)
intraluminal (n = 21) plaque-like (n = 178)

33 (17)
3 (2)
19 (10)
21 (11)
0
16 (8)
7 (4)
2 (1)
6 (3)
1 (0)
3 (2)
0
15 (8)
2 (1)
1 (1)

15 (48)
3 (10)
10 (32)
9 (29)
0
5 (16)
2 (6)
1 (3)
0
1 (3)
2 (6)
0
7 (23)
0
0

14 (10)
0
7 (5)
9 (6)
0
8 (6)
5 (3)
0
4 (3)
0
1 (1)
0
6 (4)
1 (1)
0

4 (16)
0
2 (8)
3 (12)
0
3 (12)
0
1 (4)
2 (8)
0
0
0
2 (8)
1 (4)
1 (4)

8 (38)
2 (10)
4 (19)
8 (38)
0
4 (19)
1 (5)
0
2 (10)
0
1 (5)
0
5 (24)
1 (5)
0

25 (14)
1 (1)
15 (8)
13 (7)
0
12 (7)
6 (3)
2 (1)
4 (2)
1 (1)
2 (1)
0
10 (6)
1 (1)
1 (1)

1 (1)

0

1 (1)

0

0

1 (1)

3 (1)

2 (6)

1 (1)

0

1 (5)

2 (1)

1 (1)
1 (1)

0
1 (3)

1 (1)
0

0
0

0
1 (5)

1 (1)
0

1 (1)

1 (3)

0

0

1 (5)

0

2 (1)

1 (3)

1 (1)

0

1 (5)

1 (1)

1 (1)
1 (1)
1 (1)
10 (5)
47 (24)

0
1 (3)
1 (3)
1 (3)
16 (52)

1 (1)
0
0
8 (6)
25 (17)

0
0
0
1 (4)
6 (24)

0
0
0
1 (5)
10 (48)

1 (1)
1 (1)
1 (1)
9 (5)
37 (21)

1

Including the patients with multiple site recurrences.

tumor type, invasion depth level, basaloid histology,
angiolymphatic invasion, tumor thickness, submucosal
invasion thickness, diameter of the largest single tongue
of invasion, and complete loss of p53 expression were
significantly associated with tumor recurrence (P <
0.05) (Table 3). In multivariate Cox regression, upper
thoracic tumor location, angiolymphatic invasion, and
submucosal invasion thickness were independent
significant predictors of recurrence (Table 4).
A nomogram for predicting tumor recurrence with
these three independent significant predictors is shown
in Figure 2. The nomogram had a concordance index of
0.752.

recurrence (P < 0.05). In multivariate Cox regression,
upper thoracic tumor location and angiolymphatic inva
sion were independent predictors of distant recurrence
(Table 5).

Analysis of factors predicting early tumor recurrence

Among the 47 cases with recurrences, 18 (38%) had
early recurrences (≤ 24 mo after surgery).
In univariate logistic regression, upper thoracic
tumor location, ulcerative or intraluminal mass mac
roscopic tumor type, angiolymphatic invasion, tumor
invasion depth level, tumor thickness, submucosal
invasion thickness, and diameter of the largest single
tongue of invasion were significantly associated with
early recurrence (P < 0.05). Multivariate logistic
regression showed that upper thoracic tumor location,
angiolymphatic invasion, submucosal invasion thickness,
and diameter of the largest single tongue of invasion
were independent predictors of early recurrence (Table 6).

Analysis of factors predicting distant tumor recurrence

Sixteen cases had well-documented distant recurrences.
The lung (7 patients, 4%) was the most frequent site of
distant recurrence, followed by the bone (6 patients, 3%)
(Table 2). The time to distant recurrence ranged from
3-192 mo, with a median of 39 mo.
In univariate Cox regression, upper thoracic tumor
location, ulcerative or intraluminal mass macroscopic
tumor type, basaloid histology, and angiolymphatic
invasion were significantly associated with distant
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DISCUSSION
We previously analyzed pT1 ESCC esophagectomy
cases to identify predictors of synchronous regional
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Figure 1 Survival curves of patients with pT1N0 esophageal squamous cell carcinoma. A: Overall survival curve. The 5-year and 10-year overall survival rates
were 81.4% and 76.4%, respectively. B: Recurrence-free survival curve. The 5-year and 10-year recurrence-free survival rates were 80.7% and 71.9%, respectively.
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Figure 2 Nomogram for predicting the probability of recurrence-free survival of pT1N0 esophageal squamous cell carcinoma. The nomogram has eight rows.
The first row is the point assignment for each variable. For each individual patient, each variable is assigned a point value in accordance with the clinicopathological
characteristics (rows 2-4, angiolymphatic invasion, submucosal invasion thickness, and tumor location) by delineating a vertical line between the exact variable
value and the point assignment line. Thereafter, the Total Points (row 5) can be obtained by summing all of the assigned points for the three variables. Finally, the
probability of 2-, 5-, and 10-year RFS (recurrence-free survival) can be predicted by drawing a vertical line between the Total Points and the probability rows (rows 6-8,
respectively).
[5]

lymph node metastatsis . In the present study, we
followed the pT1N0 thoracic ESCC cases further, for a
median of 6 years, and investigated the risk of tumor
recurrence and parameters predicting tumor recurrence.
We studied the cases before 2004 when the endoscopic
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resection had not been performed yet in our hospital.
Consistent with our previous observation that all
asymptomatic cases had no lymph node metastases,
these cases also had no recurrence in our follow-up
period. ESCC has a very good prognosis if detected when
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Table 3 Relationship of clinicopathological parameters with recurrence-free survival and tumor recurrence in the 199 pT1N0
esophageal squamous cell carcinoma patients n (%)
Parameter

Total

Clinical variable
Sex
Age (yr)
Symptoms

Male
Female
< 60
≥ 60
No
Yes

Endoscopic variable
Tumor location

Upper thoracic
Middle thoracic
Lower thoracic
Tumor size
< 2 cm
≥ 2 cm
(endoscopically)
Macroscopic
Erosive
tumor type
Papillary
Plaque-like
Ulcerative
Intraluminal mass
Standard histopathological variable
Tumor invasion depth
m2
m3
level
sm1
sm2
sm3
Degree of
Well
Moderate
differentiation
Poor
Basaloid
Spindle cell/
sarcomatoid
Angiolymphatic
No
Yes
invasion
Multicentric invasive
No
Yes
lesions
Number of lymph
< 14
≥ 14
nodes dissected
Measured histopathological variable
Tumor thickness
< 3000 μm
≥ 3000 μm
Submucosal
0
invasion thickness
1-2000 μm
≥ 2000 μm
Diameter of the
< 2 cm
largest single tongue
≥ 2 cm
of invasion
Immunohistochemical staining1
P53
Complete loss
Weak, patchy
Diffuse, strong
Cyclin D1
1+
2+
EGFR
1+
2+
VEGF
1+
2+

Recurrences

Kaplan-Meier analysis

Univariate Cox proportional hazards analysis

5-yr RFS (%)

10-yr RFS
(%)

P -value

HR

1
1.011
1
1.17
1
23.54

142
57
121
78
13
186

33 (23)
14 (25)
28 (23)
19 (24)
0
47 (25)

81
80
79.2
82.9
100
79.2

71.6
72.7
74.1
66.4
100
69.8

0.97

31
143
25
59
140
73
26
79
9
12

15 (48)
26 (18)
6 (24)
16 (27)
31 (22)
12 (16)
4 (15)
21 (27)
6 (67)
4 (33)

55.9
85.2
86.5
79.3
81.2
87.2
90.2
75.8
53.3
74.1

44.7
78.5
65.4
69.7
73
78
90.2
68.6
26.7
49.4

< 0.001

21
26
18
45
89
39
76
56
19
9

1 (5)
3 (12)
4 (22)
11 (25)
28 (31)
10 (26)
15 (20)
13 (23)
8 (42)
1 (11)

94.1
96.2
81.4
83.8
70.6
79.5
84.7
80.7
58.3
88.9

94.1
88.1
81.4
74.8
58.6
65
82
67.8
35
88.9

172
27
183
16
90
109

33 (19)
14 (52)
45 (25)
2 (13)
24 (27)
23 (21)

84.6
55.4
80.2
86.5
72.7
87.2

75.3
49.9
70.9
86.5
70.2
73.8

< 0.001

85
114
47
85
67
134
65

13 (15)
34 (30)
4 (9)
19 (22)
24 (36)
27 (20)
20 (31)

90
73.2
95.5
82.8
67.4
85.5
70.1

79.3
65.7
90.5
74.4
56.4
75.7
64.1

0.005

50
41
37
38
39
49
52
44
32
54
34
35

19 (38)
7 (17)
12 (33)
14 (37)
11 (28)
14 (29)
13 (25)
17 (39)
9 (28)
15 (28)
12 (35)
10 (29)

64.8
81.8
88.6
71.3
80.7
68.7
82.9
65.6
70.2
76
74.1
72.2

59.5
81.8
78.2
56.4
73.7
68.7
75.6
51.3
68
67.3
59.6
72.2

0.33

0.6
0.03

95%CI

Global P P -for-trend

0.54-1.89

0.97

0.65-2.10

0.6

0.28-2017

0.16

1.83-6.54

< 0.001

0.61-3.63

0.38

3.46
1
1.49
1
0.82
1
0.98
1.64
6.06
3.94

0.45-1.51

0.53

0.32-3.06
0.81-3.25
2.26-16.26
1.26-12.32

0.98
0.13
< 0.001
0.02

0.04

1.52

1.14-1.97

0.02

1
0.73
0.92
2.88
0.54

0.33-1.63
0.40-2.11
1.13-7.38
0.07-4.21

0.44
0.92
0.03
0.55

1.85-6.52

< 0.001

0.14-2.32

0.42

0.41-1.27

0.26

1
2.41
2.24

1.27-4.56
1.44-3.46

0.007

1
2.15

1.20-3.85

0.01

1.02-5.79

0.045

0.74-4.77
0.64-1.36

0.19

0.88

2.43
1
1.88
0.93

0.27

1.15

0.78-1.69

0.49

0.59

1.05

0.72-1.54

0.79

0.53
0.001

0.42
0.25

0.001

0.008

1
3.48
1
0.56
1
0.72

0.004

< 0.001

0.72

1

Available in tissue microarray cases. HR: Hazard ratio; CI: Confidence interval; 5-yr RFS: 5-year recurrence free survival; 10-yr RFS: 10-year recurrence free
survival; NA: Not associated.
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Table 4 Multivariate Cox proportional hazard models for tumor recurrence in the 199 pT1N0 esophageal squamous cell carcinoma
patients
Parameter
Tumor location

Upper thoracic
Middle thoracic
Lower thoracic

Angiolymphatic invasion
Submucosal invasion thickness

HR

95%CI

Global P

3.26
1
1.05
3.42
2.06

1.70-6.27

< 0.001

0.43-2.59
1.80-6.52
1.30-3.27

0.91
< 0.001

P -for-trend

0.002

HR: Hazard ratio; CI: Confidence interval.

it is asymptomatic. This can be achieved by appropriate
screening programs. However, few studies have analyzed
the impact of symptoms on the prognosis of ESCC. Wang
[14]
et al
observed the natural progression of untreated
superficial ESCCs identified by screening in a high-risk
area. Most of the patients were asymptomatic. It took
a long time to progress from an early to an advanced
[15]
stage, and most survived for over 5 years. Wang et al
also reported a 30-year experience with esophagectomy
for superficial ESCCs identified in large-scale mass
screenings in high-risk areas. Most patients were
asymptomatic, and had a low recurrence rate. Natsugoe
[16]
et al
also reported that asymptomatic esophageal
carcinoma patients had a lower stage and a better
prognosis.
Proximal tumors are known to have a more advanced
stage, a lower resection rate, fewer R0 resections, more
cervical and tracheobronchial lymph node metastases,
[17,18]
th
th
and a poorer prognosis
. The 7 and 8 editions
of the American Joint Committee on Cancer (AJCC)
staging system include tumor location as a staging
factor for T2-3N0M0 ESCC cases and T3N0M0 ESCC
[19,20]
cases, respectively
. Few studies have focused on
T1 proximal tumors. We found that the patients with
upper thoracic tumors had much higher frequencies of
cervical and mediastinal lymph node recurrences than
other patients (Table 2), and these proximal tumors
were significantly associated with an increased risk for
any recurrence (Table 3), distant recurrence (Table 5),
and early recurrence (Table 6). One reason for a higher
frequency of cervical and mediastinal lymph node
recurrences in upper thoracic cases is the characteristics
[1,2]
of the lymphatic channels draining this area . We
also found that tumor thickness was greater in upper
thoracic tumors (data not shown), which may be another
reason. Upper thoracic tumor location was also one of
the independent risk factors for any recurrence, distant
recurrence, and early recurrence.
We need to say that the fact that most (33/37 =
89%) of the patients in whom the locations of the
recurrences were recorded had recurrences in the
cervical and/or mediastinal lymph nodes raises the
question of whether (macroscopic or microscopic) tumor
was present at the time of surgery and could have
been removed if a three-field lymph node dissection
(including the cervical lymph nodes) or a more extensive
two-field lymph node dissection (including more
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mediastinal lymph nodes) had been done. In Japan,
standard treatment for clinically submucosal ESCC is
[21]
esophagectomy with three-field lymphadenectomy . It
is not yet known whether all patients would benefit from
cervical lymphadenectomy, which often results in more
severe complications. The optimal extent of lymph node
dissection in esophagectomies is an ongoing discussion
among surgeons, and our data can contribute to this
discussion.
There is a macroscopic tumor type which looks like
a large mushroom or a big polyp, and is commonly
pedunculated. It belongs to the Paris classification
[10,11]
0-Ip
, but it is different from other common 0-Ip
cases. It can be called the intraluminal mass (fungating)
[9]
type . Most tumors of this type are spindle cell/
sarcomatoid, basaloid, or poorly differentiated squamous
cell carcinoma. Our previous study found that patients
with ulcerative or intraluminal tumors had a high risk of
[9]
lymph node metastasis . We have now shown that they
also have a significantly higher rate of recurrence.
In the current analysis, angiolymphatic invasion
was significantly associated with tumor recurrence,
distant recurrence, and early recurrence. We relied on
HE staining to evaluate angiolymphatic invasion, and
immunohistochemistry for endothelial cells was not
routinely performed, in keeping with standard practice.
[8]
Huang et al reported that angiolymphatic invasion
could act as a prognostic and staging factor in T13N0M0 ESCC.
In our previous study, patients with basaloid histology
had a moderate risk of synchronous lymph node
[9]
metastasis . However, in the current study they had
a high risk of recurrence, especially distant recurrence.
[22]
Zhang et al
retrospectively analyzed 142 cases of
basaloid ESCC, and found that the first site of recurrence
was distant in 39 (54.9%) cases, distant plus locoregional in 24 (33.8%) cases, and loco-regional alone
in 8 (11.3%) cases. They concluded that basaloid ESCC
frequently progresses via hematogenous metastasis
[22]
[23]
rather than lymph node metastasis . Saito et al also
reported that differentiated components of ESCC were
most often found in sites of lymph node metastases,
whereas basaloid components predominated in sites
of hematogenous metastases. Thus, control of the
hematogenous spread of basaloid components may lead
to improved outcomes in these patients. Indeed, there is
a case report of surgical intervention helping a basaloid
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Table 5 Relationship between clinicopathological parameters and distant tumor recurrence in the 189 informative patients

1

Univariate Cox proportional hazards analysis
Parameter
Clinical variables
Sex
Age (yr)
Symptoms

Male
Female
< 60
≥ 60
No
Yes

Endoscopic variables
Tumor location

Upper thoracic
Middle thoracic
Lower thoracic
Tumor size (measured
< 2 cm
≥ 2 cm
endoscopically)
Macroscopic type
Erosive
Papillary
Plaque-like
Ulcerative
Intraluminal mass
Standard histopathological variable
Tumor invasion depth level
m2
m3
sm1
sm2
sm3
Degree of differentiation
Well
Moderate
Poor
Basaloid
Spindle cell/
sarcomatoid
Angiolymphatic invasion
No
Yes
Multicentric invasive
No
Yes
lesions
Number of lymph nodes
< 14
≥ 14
dissected
Measured histopathological variable
Tumor thickness
< 3000 μm
≥ 3000 μm
Submucosal
0
invasion thickness
< 2000 μm
≥ 2000 μm
Diameter of the
< 2 cm
largest invasive lesion
≥ 2 cm
Immunohistochemical staining2
P53
Complete loss
Weak, patchy
Diffuse, strong
Cyclin D1
+
++
EGFR
+
++
VEGF
+
++
Multivariate Cox proportional hazards analysis
Parameter
Tumor location
Upper thoracic
Middle thoracic
Lower thoracic
Angiolymphatic invasion

95%CI

Global P

0.07-1.44

0.14

0.79-6.02

0.13

0.01-40030

0.41

3.56
1
2.37
1
0.76
1
1.11
0.95
5.58
5.41

1.15-11.07

0.03

0.63-8.94

0.2

0.27-2.09

0.59

0.21-5.75
0.27-3.31
1.06-29.32
1.02-28.68

0.9
0.94
0.04
0.047

0
2 (8)
1 (6)
4 (9)
9 (11)
1 (3)
5 (7)
6 (11)
3 (18)
1 (11)

1.42

0.91-2.21

1
2.19
3.93
12.4
5.73

0.25-18.98
0.47-32.89
1.27-121.08
0.35 -92.90

0.48
0.21
0.03
0.22

166
23
173
16
85
104

11 (7)
5 (22)
15 (9)
1 (6)
7 (8)
9 (9)

1
3.38
1
0.92
1
0.95

1.15-9.93

0.03

0.12-7.00

0.93

0.36-2.57

0.93

82
107
47
80
62
126
63

6 (7)
10 (9)
2 (4)
7 (9)
7 (11)
9 (7)
7 (11)

1
1.53
1.88

0.56-4.21
0.91-3.90

0.42

1
2.56

0.92-7.15

0.07

47
40
34
35
37
47
52
40
29
50
33
33

6 (13)
3 (8)
6 (18)
5 (14)
5 (14)
5 (11)
9 (17)
4 (10)
2 (7)
6 (12)
3 (9)
4 (12)

1.78
1
2.31
0.94

0.44-7.16

0.42

0.58-9.25
0.51-1.74

0.24

0.63

0.31-1.28

0.2

0.95

0.50-1.81

0.88

3.83
1
1.95
3.55

1.23-11.96

0.02

0.50-7.54
1.17-10.77

0.34
0.03

Total

Distant
recurrences (%)

HR

136
53
118
71
13
176

14 (10)
2 (4)
8 (7)
8 (11)
0
16 (9)

1
0.33
1
2.18
1
23.59

30
135
24
55
134
71
26
72
8
12

5 (17)
8 (6)
3 (13)
6 (11)
10 (8)
5 (7)
2 (8)
5 (7)
2 (25)
2 (17)

21
26
16
43
83
36
73
54
17
9

P -for-trend

0.13

0.09

0.84

1

Excluding 10 patients with an unknown site of recurrence; 2Available in tissue microarray cases. HR: Hazard ratio; CI: Confidence interval; 5-yr RFS: 5-year
recurrence free survival; 10-yr RFS: 10-year recurrence free survival; NA: Not associated.
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Table 6 Relationship between clinicopathological parameters and the likelihood of having early recurrence (≤ 24 mo) in the 199
pT1N0 esophageal squamous cell carcinoma patients n (%)
Univariate logistic regression
Parameter

Macroscopic
tumor types

0.45-3.58

0.65

0.08-1.01

0.052

2.68-23.54

< 0.001

0.33-8.64

0.53

0.48-4.85

0.47

0.07-6.47
0.47-5.98
1.55-47.86
1.10-29.95

0.75
0.43
0.01
0.04

Odds ratio

Male
Female
< 60
≥ 60

142
57
121
78

12 (9)
6 (11)
15 (12)
3 (4)

1
1.28
1
0.28

Upper thoracic
Middle thoracic
Lower thoracic
< 2 cm
≥ 2 cm
Erosive
Papillary
Plaque-like
Ulcerative
Intraluminal mass

31
143
25
59
140
73
26
79
9
12

9 (29)
7 (5)
2 (8)
4 (7)
14 (10)
4 (6)
1 (4)
7 (9)
3 (33)
3 (25)

7.95
1
1.69
1
1.53
1
0.69
1.68
8.63
5.75

21
26
18
45
89
39
76
56
19
9
172
27
183
16
90
109

0
1 (4)
2 (11)
2 (4)
13 (15)
3 (8)
6 (8)
4 (7)
4 (21)
1 (11)
10 (6)
8 (30)
17 (9)
2 (13)
11 (12)

1.78

1.05-3.01

85
114
47
85
67
134
65

2(2)
16(14)
1(2)
4(5)
13(19)
5(4)
13(20)

50
41
37
38
39
49
52
44
32
54
34
35

7 (14)
5 (12)
4 (11)
4 (11)
4 (10)
8 (16)
4 (8)
8 (18)
4 (13)
4 (7)
5 (15)
6 (17)

Age (yr)

Tumor size (endoscopically)

Global P

Early
recurrence

Clinical variable
Sex

Endoscopic variable
Tumor location

95%CI

Total

Standard histopathological variable
Tumor invasion depth level

m2
m3
sm1
sm2
sm3
Degree of differentiation
Well
Moderate
Poor
Basaloid
Spindle cell/sarcomatoid
Angiolymphatic invasion
No
Yes
Multicentric invasive lesions
No
Yes
Number of lymph nodes
< 14
≥ 14
dissected
Measured histopathological variable
Tumor thickness
< 3000 μm
≥ 3000 μm
Submucosal invasion thickness
0
0-2000 μm
≥ 2000 μm
Diameter of the largest single
< 2 cm
≥ 2 cm
tongue of invasion
Immunohistochemical staining1
P53
Complete loss
Weak, patchy
Diffuse, strong
Cyclin D1
1+
2+
EGFR
1+
2+
VEGF
1+
2+
Multivariate logistic regression
Tumor location
Upper thoracic
Middle thoracic
Lower thoracic
Angiolymphatic invasion
Submucosal invasion thickness
Diameter of the largest single
tongue of invasion

1
1.03
0.92
3.2
1.5
1
6.82
1
0.65
1
0.49

P -for-trend

0.03

0.24-4.35
0.20-4.38
0.64-16.07
0.14-16.36

0.97
0.92
0.16
0.74

2.40-19.38

< 0.001

0.08-5.24

0.69

0.18-1.33

0.16

1
6.78
4.02

1.51-30.33
1.66 -9.73

0.01

1
6.45

2.19-19.00

0.001

0.001

1.34
1
1.15
1.32

0.36-4.98

0.66

0.28-4.63
0.69-2.54

0.85
0.4

1.32

0.69-2.54

0.4

1.59

0.83-3.04

0.16

7.73
1
1.18
5.75
2.64
4.13

2.15-27.78

0.002

0.20-6.86
1.63-20.24
0.92-7.60
1.17-14.56

0.85
0.006
0.07
0.03

1

Available in tissue microarray cases. OR: Odds ratio; CI: Confidence interval; NA: Not associated.
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recurrence, distant recurrence, and early recurrence, in order to provide clues
to optimal individual therapy.

ESCC patient with a solitary lung metastasis achieve a
[24]
long-term survival .
It should be noticed that one m2 case had a
cervical lymph node recurrence at nearly 5 years after
esophagectomy. This case had a tumor thickness of 325
μm and no adverse parameters. Therefore, long-term
follow-up is needed for all patients with T1 ESCC after
endoscopic resection or esophagectomy, even when the
patients have no known adverse parameters.
We have identified certain clinicopathological fea
tures that are associated with an increased risk of
tumor recurrence in pT1N0 thoracic ESCC patients
after esophagectomy and thoracoabdominal twofield lymphadenectomy: (1) Patients with an upper
thoracic location, ulcerative or intraluminal mass tumor
type, deeper tumor invasion level, basaloid histology,
angiolymphatic invasion, greater tumor thickness, greater
submucosal invasion thickness, greater diameter of the
largest single tongue of invasion, and/or completely
negative aberrant p53 expression are at greater risk
of tumor recurrence. A nomogram including tumor
location, angiolymphatic invasion, and submucosal
invasion thickness can be used to predict the likelihood of
recurrence-free survival at different times after surgery;
(2) Patients with an upper thoracic tumor location and/or
angiolymphatic invasion have a higher risk of distant
recurrence; and (3) Patients with an upper thoracic
tumor location, angiolymphatic invasion, submucosal
invasion thickness, and diameter of the largest single
tongue of invasion have a higher risk of early recurrence.
All patients with T1 ESCC need long-term followup after endoscopic resection or esophagectomy,
even patients without any adverse parameters. But
this analysis should help clinicians select a subset of
these patients who need especially close postoperative
surveillance and/or chemoradiotherapy. Additional longterm follow-up studies are needed to confirm these
findings.

Research methods

Clinicopathological characteristics associated with any recurrence or distant
recurrence were evaluated using univariate and multivariate Cox proportional
hazards models. Early recurrence (≤ 24 mo) and correlated parameters were
assessed using univariate and multivariate logistic regression models.

Research results

We have identified certain clinicopathological features that are associated with
an increased risk of tumor recurrence in pT1N0 thoracic ESCC patients. A
nomogram including tumor location, angiolymphatic invasion, and submucosal
invasion thickness can be used to predict the likelihood of recurrence-free
survival at different times after surgery. Patients with an upper thoracic tumor
location and/or angiolymphatic invasion have a higher risk of distant recurrence.
Patients with an upper thoracic tumor location, angiolymphatic invasion,
submucosal invasion thickness, and an greater diameter of the largest single
tongue of invasion have a higher risk of early recurrence. Additional long-term
follow-up studies are needed to confirm these findings.

Research conclusions

We evaluated the clinicopathological characteristics associated with an
increased risk of a postoperative recurrence and separately evaluated the
clinicopathological characteristics that are associated with distant recurrence
or early recurrence in pT1N0 ESCC patients. This study should help clinicians
select a subset of these patients who need especially close postoperative
surveillance and/or chemoradiotherapy.

Research perspectives

Risk of tumor recurrence in pT1N0 ESCC patients can be predicted using
certain clinicopathological features. This should be confirmed in more
prospective studies and multi-center studies.
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Abstract
AIM
To integrate clinically significant variables related

Informed consent statement: All patients and their families
signed informed consent statements before surgery, and the type
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to prognosis after curative resection for gallbladder
carcinoma (GBC) into a predictive nomogram.

Core tip: A nomogram including jaundice, carbohydrate
antigen 19-9 (CA19-9), American Joint Committee on
Cancer tumor node metastasis stage, and incisional
margin status was built to predict the survival of gall
bladder cancer patients who underwent curative resection
at Peking Union Medical College Hospital. After calibration
and verification, this model was shown to have high
predictive accuracy and good performance.

METHODS
One hundred and forty-two GBC patients who under
went curative intent surgical resection at Peking Union
Medical College Hospital (PUMCH) were included. This
retrospective case study was conducted at PUMCH of the
Chinese Academy of Medical Sciences and Peking Union
Medical College (CAMS & PUMC) in China from January
1, 2003 to January 1, 2018. The continuous variable
carbohydrate antigen 19-9 (CA19-9) was converted into
a categorical variable (cCA19-9) based on the normal
reference range. Stages 0 to IIIA were merged into one
category, while the remaining stages were grouped into
another category. Pathological grade X (GX) was treated
as a missing value. A multivariate Cox proportional
hazards model was used to select variables to construct
a nomogram. Discrimination and calibration of the
nomogram were performed via the concordance index
(C-index) and calibration plots. The performance of the
nomogram was estimated using the calibration curve.
Receiver operating characteristic (ROC) curve analysis
and decision curve analysis (DCA) were performed to
evaluate the predictive accuracy and net benefit of the
nomogram, respectively.

Bai Y, Liu ZS, Xiong JP, Xu WY, Lin JZ, Long JY, Miao F,
Huang HC, Wan XS, Zhao HT. Nomogram to predict overall
survival after gallbladder cancer resection in China. World J
Gastroenterol 2018; 24(45): 5167-5178 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i45/5167.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i45.5167

INTRODUCTION
Gallbladder cancer (GBC) is a common biliary tract
malignancy that ranks as the sixth most common
[1,2]
digestive tract cancer . Because of the lack of specific
early screening methods and typical symptoms, most
patients with GBC present with advanced-stage disease.
Surgical resection remains the primary treatment
for GBC because of the low sensitivity of GBC to
radiotherapy (RT) and chemotherapy and because of a
lack of effective drugs. Although the prevalence of GBC
is low, the 5-year overall survival rate decreased from
[3]
20.1% from 2003-2005 to 16.4% from 2012-2015 .
Although the American Joint Committee on Cancer
(AJCC) staging system has published an updated eighth
edition, this system does not offer precise prognostic
[4]
information for individual patients . Both physicians and
patients are paying more attention to prognostic outcomes
for GBC after surgical therapeutic interventions. Hence, a
nomogram that accurately and specifically predicts overall
survival is urgently needed. As a statistical predictive
model, nomograms have been rapidly developed for most
carcinoma types and are popular among doctors and
[5,6]
patients because of their friendly and feasible interface .
More common tumors of the hepatobiliary system, such
as hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC), have more explicit pathogenic
factors and affect a relatively larger number of patients
compared with GBC. Many nomograms suitable for these
tumor types have been established to help clinicians
accurately make rational decisions regarding diagnosis,
[7-9]
treatment, and prognosis .
The Surveillance, Epidemiology, and End Results
(SEER) Medicare database represents the American
population and is an ideal research source for estimating
cancer incidence and constructing survival models. In
[10]
2008, Wang et al
designed an individual predictive
model considering the contribution of adjuvant RT to
evaluate survival improvement in GBC patients after

RESULTS
Of these 142 GBC patients, 55 (38.7%) were male,
and the median and mean age were 64 and 63.9
years, respectively. Forty-eight (33.8%) patients in
this cohort were censored in the survival analysis.
The median survival time was 20 months. A series of
methods, including the likelihood ratio test and Akaike
information criterion (AIC) as well as stepwise, forward,
and backward analyses, were used to select the model,
and all yielded identical results. Jaundice [hazard ratio
(HR) = 2.9; 95% confidence interval (CI): 1.60-5.27],
cCA19-9 (HR = 3.2; 95%CI: 1.91-5.39), stage (HR =
1.89; 95%CI: 1.16-3.09), and resection (R) (HR = 2.82;
95%CI: 1.54-5.16) were selected as significant predictors
and combined into a survival time predictive nomogram
(C-index = 0.803; 95%CI: 0.766-0.839). High predi
ction accuracy (adjusted C-index = 0.797) was further
verified via bootstrap validation. The calibration plot
demonstrated good performance of the nomogram. ROC
curve analysis revealed a high sensitivity and specificity. A
high net benefit was proven by DCA.
CONCLUSION
A nomogram has been constructed to predict the
overall survival of GBC patients who underwent radical
surgery from a clinical database of GBC at PUMCH.
Key words: Nomogram; Survival; Prognosis; Gallbladder
cancer; Resection
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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resection. However, not everyone was sensitive to RT
and chemotherapy due to differences in lymph node
status and distant metastasis. Therefore, in 2011, they
proposed another nomogram to further clarify specific
GBC populations with the potential to obtain longer
[11]
survival times after adjuvant chemoradiotherapy (CRT) .
[12]
For chronic cholecystitis, Zhou et al
developed an
individualized diagnostic nomogram for stage I-II GBC
in chronic cholecystitis patients with gallbladder wall
thickening in 2016. Recently, a more accurate and
effective survival model for predicting the prognosis of
patients with nonmetastatic GBC after surgical resection
derived from the SEER database was built by Zhang
[13]
et al . However, due to the limited number of GBC
patients and disparate risk factors in China, to the best
of our knowledge, no predictive model has thus far been
established to evaluate the prognosis of patients with
GBC in China.
The current study aimed to incorporate individual
correlation determinants into a nomogram to predict
overall survival for GBC patients after radical resection
in China.

according to standard radical surgical procedures.

Ethics statement

The study was approved by the Medical Ethics Committee
of PUMCH of the CAMS & PUMC. All patients provided
written informed consent. The study was carried out
according to the ethical standards of the World Medical
[14]
Association Declaration of Helsinki .

Data collection

Demographic and clinical information and related vari
ables were manually reviewed from the medical records.
We retrospectively reviewed the medical records of
patients to collect demographic data, body mass index
(BMI), physical examination findings, serum laboratory
test results, surgical records, pathological reports and
imaging findings of cholecystolithiasis determined
via ultrasonography, computerized tomography, and
magnetic resonance imaging. Subjects involved in
this study were those who underwent radical surgery
without R2 excision and were diagnosed with GBC
by histopathology. GBC stage and postoperative
pathologic tumor node metastasis (pTNM) information
th
were determined using the AJCC 8 edition (AJCC-8)
[4]
classification system . Incisional margins and tumor size
were ascertained based on surgeon observations and
final pathological assessments. All patients were followed
routinely after discharge. The last follow-up time and vital
status were recorded. After screening, 142 patients with
confirmed GBC met the inclusion criteria.

MATERIALS AND METHODS
Patients and treatments

From January 1, 2003 to January 1, 2018, 142 patients
diagnosed with GBC via pathological examination after
curative intent surgical resection at Peking Union Medical
College Hospital (PUMCH) of the Chinese Academy of
Medical Sciences and Peking Union Medical College
(CAMS & PUMC) in Beijing, China were included in the
current study. The inclusion criteria were as follows:
(1) radical surgery; (2) GBC confirmed by pathological
examination; (3) no antitumor treatment before or
during surgery; (4) no other malignant tumors; and
(5) pathological examination revealing a clear number
of positive lymph nodes and the total number of lymph
nodes obtained from the dissection. The exclusion
criteria were as follows: (1) lack of a clear pathological
diagnosis; (2) distant metastasis; (3) incomplete lymph
node data; (4) nonprimary tumor; or (5) incomplete
follow-up data.
Preoperative staging and surgical evaluation were
performed based on imaging and laboratory examin
ations. Staging was further evaluated during surgery
based on the findings and on the cryosection biopsy
report. The following surgeries were performed according
to the stage: for stage Tis-T1a patients, cholecystectomy
was considered radical resection; for patients with stage
T1b-T3/N0-1, cholecystectomy, hepatic wedge resection,
and regional lymph node dissection were performed; for
partial stage T3N2 patients, cholecystectomy, hepatic
wedge resection, and enlarged lymph node dissection
were performed; and for some patients with stage T4/
N1-2, extended radical resection including combined
semihepatic resection, peripheral organ resection, and
hepatic pancreaticoduodenectomy were performed

WJG|www.wjgnet.com

Statistical analysis

Descriptive statistics for time-to-event variables and
predictors were performed for quick screening of the
data. Categorical variables are presented as numbers and
percentages, and continuous variables are presented as
the minimum, median, mean, maximum, and standard
deviation. Some continuous variables were converted
to categorical variables because their significance and
linear relationships to outcomes were not satisfied after
graphical and statistical assessments. For some categorical
predictors, small categories were merged with others.
The Kaplan-Meier (K-M) method was applied to compare
survival curves for categories of individual predictors, and
the log-rank test was used to determine the significance
of these differences. Model selection methods, including
the likelihood ratio test, Akaike information criterion (AIC),
and stepwise, forward, and backward analyses, were
used to construct a Cox proportional hazards model.
Hazard ratios (HRs) and 95% confidence intervals (CIs)
were estimated. Possible confounders and interactions
in the model were detected. Schoenfeld residuals
vs ranked survival time for selected predictors were
analyzed to evaluate the proportional hazard assumption
of the model. The predictive accuracy of the model was
estimated by the concordance index (C-index). The
overfit and predictive performance of the model were
assessed via bootstrap validation. The clinically significant
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Table 1 Descriptive statistics for time to event variable
Total
142

Event n (%)

Censored n (%)

Time (mo)

Survival
probability

95%CI

Quartile

Point estimate

95%CI

94 (66.2)

48 (33.8)

12
36

0.638
0.360

0.562-0.724
0.284-0.458

50%

20

14-31

CI: Confidential interval.

variables calculated from the Cox proportional hazards
model were integrated into a nomogram to predict the
overall survival of patients undergoing GBC resection. The
performance of the nomogram was estimated using a
calibration curve. The predictive accuracy and net benefit
of the nomogram were assessed via receiver operating
characteristic (ROC) curve analysis and decision curve
analysis (DCA), respectively. The significance level for all
statistical tests was set at 0.05, and all tests were twosided. Statistical analyses were performed using R version
3.5.0 software (http://www.r-project.org/). Extension
packages, including “survival”, “rms”, “nomogramEx”, and
“survminer” were also used.

correlated well with outcome, age at diagnosis, gender,
jaundice, BMI, gallstones, diabetes, tumor size, CA19-9
levels, AJCC-8 stage, tumor differentiation, and surgical
margins were incorporated statistics. For continuous
variables, null model residuals (martingale residuals) vs
age, BMI, and tumor size plotted with LOESS lines were
performed to obtain preliminary assessments of their
predictive potential for survival time. As shown in Figure
1, BMI and tumor size appeared to have a considerable
nonlinear relationship with martingale residuals,
indicating that the linear assumption of the model for
BMI and tumor size with survival time may be rejected.
Log transformation was subsequently attempted for BMI
and tumor size; however, the linear correlation was little
improved. Continuous predictors were thus converted
into categorical variables. Notably, Figure 1 illustrates
that the significance cutoff for BMI was approximately
24, which was consistent with the standard value
for distinguishing normal and overweight in China;
therefore, we converted BMI into two categories based
on this cutoff. In addition, martingale residuals for BMI
were closer to the fitted line than the other two variables,
suggesting that BMI may be a potential predictor. We
observed a scatter located in the top right of the tumor
size graph (Figure 1), which can be considered a potential
outlier because it robustly influenced the tendency of
the fitted line. Cutoffs of approximately 2 and 5 were a
better choice, consistent with the common classification
criterion. For the predictor age, we initially used a
univariate Cox model to assess the correlation between
age and outcome, and the results showed that it was not
a significant predictor. Because the fitted line appeared
to be linear, and because there was no obvious cutoff,
we evenly separated age into three categories (less than
55, 55 to 65, and older than 65 years) for further study
(Figure 1). After conversion to categorical variables,
we defined cCA19-9, cBMI, cTumor size, and cAge as
the categorical forms of these variables to distinguish
them from the continuous forms. Regarding the degree
of tumor differentiation, 12 samples that could not be
evaluated were treated as missing values, thus resulting
in only 130 observations.
K-M survival curves for all predictors before adjust
ment for the other predictors were established. As
shown in Figure 2, patients with jaundice had shorter
survival times than patients without; patients with higher
BMI exhibited longer survival times than patients with
lower BMI; patients with lower CA19-9 levels showed

RESULTS
Survival outcomes and predictors

The study cohort consisted of 142 eligible patients who
underwent GBC resection. Forty-eight (33.8%) patients
were censored. The median survival time was 20 mo.
The one- and 3-year survival probabilities were 63.8%
and 36%, respectively (Table 1).
A detailed description of all the clinicopathologic
and treatment characteristics can be found in Table
2. Notably, carbohydrate antigen 19-9 (CA19-9) as
a candidate predictor spanned a wide range from a
minimum value of 0.01 kU/L to a maximum value of
10524 kU/L. In addition, a large difference between the
median and mean values resulted in obvious skewness.
Both indicated that using CA19-9 as a continuous
variable was not suitable for model construction due
to its limited predictive role, as demonstrated by the
relatively small coefficient. Hence, we converted CA19-9
into a categorical variable based on normal reference
ranges to investigate its correlation with outcome.
According to the latest AJCC staging system, we divided
the patients into eight groups including stage 0, I, IIA,
IIB, IIIA, IIIB, IVA, and IVB for predictor selection. We
then combined stages 0 to IIIA into one category, while
the remaining categories were combined due to few
cases in some specific groups. In addition, pathological
grade X (GX), which refers to a degree of pathological
differentiation that cannot be assessed, accounted for
8.5% (12/142) of all participants and was treated as a
missing value.

Model selection

To choose the significant predictive variables that
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the following predictors had significant differences after
the log-rank test: jaundice, cBMI, cCA19-9, stage, and
R. However, cAge, gender, cholecystolithiasis, diabetes,
cTumor size, and grade failed to reach significance in
constructing the model.

Table 2 Patient characteristics n (%)
Feature (Min, Median, Mean, Max, SD)
Age (35, 64, 63.9, 83, 10.2), years
< 55
55-65
≥ 65
Gender
Male
Female
Jaundice
Absent
Present
Cholecystolithiasis
Absent
Present
Diabetes
Absent
Present
BMI (15.4, 23.5, 24.2, 32.3, 3.4)
< 24
≥ 24
CA19-9 (0.01, 13.2, 66.4, 10524, 507.7), kU/L
< 40
≥ 40
Tumor size (0.2, 3.0, 3.4, 13, 2.1), cm
<2
2-5
≥5
Primary tumor
Tis
T1
T2
T3
T4
Regional lymph node
N0
N1
N2
Stage
0
Ⅰ
ⅡA
ⅡB
ⅢA
ⅢB
ⅣA
ⅣB
Histologic grade
G1
G2
G3
GX
Surgical margins
R0
R1

No. of patients
24 (16.9)
49 (34.5)
69 (48.6)

Construction and diagnosis of a Cox proportional
hazards model

55 (38.7)
87 (61.3)

Because the aforementioned predictors contained no
missing values after excluding the degree of tumor
differentiation, various model-selection criteria, including
the likelihood ratio test, AIC, and stepwise, forward, and
backward analyses, were utilized to construct the model
for all 142 observation points. Notably, all methods
yielded identical results.
To check for possible confounders, both univariate
and multivariate models were established. Compared
with the univariable model, the multivariable model
showed that the CIs for jaundice (95%CI: 1.60-5.27),
cCA19-9 (95%CI: 1.91-5.39), stage (95%CI: 1.16-3.09),
and R (95%CI: 1.54-5.16) did not change significantly
after combination with other predictors (Figure 3).
Furthermore, we found that cCA19-9 was a confounder
for BMI levels; thus, cBMI was excluded in the
multivariate model. Moreover, interactions between each
pair of predictors were examined, and no interactions
were detected.
To further evaluate whether the proportional
hazards assumption was valid, Schoenfeld residuals
were analyzed with respect to ranked survival time
for selected predictors. All fitted lines derived from
individual scatter plots seemed to be horizontal (Figure
4). Furthermore, statistical tests were performed on
Schoenfeld residuals vs ranked survival time for each
predictor. The P-values for jaundice, cCA19-9, stage,
and R were 0.8075, 0.8798, 0.6082, and 0.7919,
respectively. The P-value for the global test was
0.9837. In conclusion, all the results indicated that the
proportional hazards assumption was satisfied.

122 (85.9)
20 (14.1)
67 (47.2)
75 (52.8)
32 (22.5)
110 (77.5)
75 (52.8)
67 (47.2)
65 (45.8)
77 (54.2)
38 (26.8)
68 (47.9)
36 (25.3)
9 (6.3)
9 (6.3)
20 (14.1)
93 (65.5)
11 (7.8)
86 (60.6)
43 (30.3)
13 (9.1)
9 (6.3)
9 (6.3)
10 (7.0)
3 (2.1)
49 (34.6)
40 (28.2)
9 (6.3)
13 (9.2)

Construction and validation of the nomogram

27 (19.0)
53 (37.3)
50 (35.2)
12 (8.5)

The predictive ability of the model was assessed by
calculating the C-index, which was 0.803 (95%CI:
0.766-0.839). Bootstrap validation was applied to esti
mate the overfit of the model. The adjusted C-index
representing the bias-corrected estimate of model per
formance in the future was 0.797 after 1000 iterations,
demonstrating good predictive accuracy for the nomogram.
The nomogram that predicts the survival time of
patients with GBC after surgical resection is displayed in
Figure 5A. The nomogram was developed based on the
results of the Cox proportional hazards model in Figure 3.
In this nomogram, each factor was ascribed a weighted
point total that indicated a survival prognosis. Oneand three-year survival probabilities can be measured
using this nomogram. For instance, the presence of
jaundice was assigned 92 points, while a CA19-9 level
≥ 40 kU/L was assigned 100 points. The higher a

112 (78.9)
30 (21.1)

Min: Minimum; Max: Maximum; SD: Standard deviation; No. of patients:
Number of patients; BMI: Body mass index; CA19-9: Carbohydrate antigen
19-9; R: Resection.

longer survival times than patients with higher CA19-9;
and patients in the lower stage group had longer
survival times than patients in the higher stage group.
Considering the surgical margin status, patients in the R0
category had longer survival times than patients in the R1
category. Risk tables for each indicator are shown below
the corresponding K-M curves. Note that all categories of
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Figure 1 Graphical assessment for continuous predictors. Null model residuals (martingale residuals) vs body mass index, tumor size, and age were plotted with
LOESS line to obtain a preliminary assessment of which of these predictors should be incorporated into the model. BMI: Body mass index.

patient scores, the poorer the prognosis. In addition,
the performance of the nomogram was graphically
evaluated using a calibration curve (Figure 5B). The
predicted line overlapped well with the reference line,
demonstrating the good performance of the nomogram.
Similarly, we compared the predictive accuracy between
the combined model and individual predictors, including
jaundice, CA19-9, stage, and R, via ROC curve analysis.
The area under the curve (AUC) of the nomogram was
significantly larger than those of other single variables
(Figure 6A). Finally, to determine whether the predictive
nomogram was clinically useful, DCA was performed to
evaluate the net benefit of the models. Compared with
jaundice, CA19-9, stage, and R, the combined model
offered the best clinical utility, as calculated within the
favorable probability. Hence, this nomogram is the best
model for predicting GBC patient survival, which might
help clinicians with patient counseling, decision-making,
and follow-up scheduling.

results in difficulty implementing curative intent surgical
resection. GBC always behaves as a highly malignant
[15,16]
tumor with a dismal prognosis
. Less than 5% of GBC
[1]
patients survive for longer than 5 years . The five-year
survival rate of GBC patients has been declining in China
[3]
according to the latest statistical report . Obtaining
accurate prognostic information is necessary to help
physicians make better clinical decisions and perform
consultations with patients regarding life expectancy
after resection of tumor masses. Nomograms are
alternative prognostic assessment tools for most cancers
because they include more clinically related factors
and offer more reliable prognostic information tailored
to individual patients than the traditional AJCC TNM
staging system. Nomograms are predictive tools that
generate user-friendly graphical interfaces to calculate
probabilities of clinical outcomes, such as diagnosis,
recurrence, and prognosis, based on related, statistically
[5,6,17]
significant variables
. The present study was the
first to propose a nomogram for predicting the survival
times of patients undergoing GBC resection in China.
The nomogram suggested that the absence of jaundice,
lower preoperative CA19-9 levels, lower AJCC TNM stage,
and incisional margins without tumor cells correlated
well with a long survival time. Notably, given the very
broad data distribution and considerable discrepancies

DISCUSSION
GBC is a common biliary tract tumor around the world.
Due to its occult onset and lack of specific symptoms
and early screening methods, most GBC patients already
present with advanced-stage disease at diagnosis, which
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Figure 2 Kaplan-Meier survival curves for each predictor. Kaplan-Meier survival curves showing the overall survival rates in gallbladder cancer patients according
to different category types. All predictors are statistically significant (P-values are shown in the bottom right corner). Time-dependent numbers at risk are listed at the
bottom. BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; R: Resection.
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Hazard ratio (95%CI)

P value

Jaundice (Yes/no)

7.66 (4.37-13.43)

< 0.001

cCA19-9 (≥ 40/< 40)

4.77 (2.93-7.77)

< 0.001

Stage (ⅢB-ⅣB/0-ⅢA)

3.46 (2.26-5.3)

< 0.001

R (R1/R0)

7.33 (4.3-12.47)

< 0.001

cBMI (≥ 24/< 24)

0.5 (0.33-0.77)

0.004

Jaundice (Yes/no)

2.9 (1.6-5.27)

< 0.001

cCA19-9 (≥ 40/< 40)

3.2 (1.91-5.39)

< 0.001

Stage (ⅢB-ⅣB/0-ⅣA)

1.89 (1.16-3.09)

0.011

R (R1/R0)

2.82 (1.54-5.16)

< 0.001

Characteristics
Univariate analysis

Multivariate analysis

1

3

5

7

14

Figure 3 Cox proportional hazards model. Absence of jaundice and lower groups of categorical carbohydrate antigen 19-9, stage, resection, and categorical body
mass index were used as the baseline. Red represents statistically significant factors incorporated to the model after both univariate and multivariate analysis, while
blue represents factors that were excluded after multivariate analysis. cCA19-9: Categorical carbohydrate antigen 19-9; R: Resection; cBMI: Categorical body mass
index.
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Figure 4 Schoenfeld residuals vs ranked survival time for selected predictors. The X-axis represents the survival time, while the Beta values referring to
jaundice, carbohydrate antigen 19-9, stage, and resection are shown on the Y-axis. CA19-9: Carbohydrate antigen 19-9; R: Resection.

between the median and mean, we converted CA19-9
into a categorical variable to evaluate its relationship
with outcome. In addition, we demonstrated that
categorical forms of continuous variables, including
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BMI, tumor size, and age, were better choices for
model selection. Moreover, for 12 patients with GX
disease who were treated as having missing values,
we did not use conventional modeling methods to first
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Figure 5 Nomogram and calibration plot. A: A nomogram to predict the survival time of postsurgery gallbladder cancer (GBC) patients. Patient’s jaundice condition
is located in the row labeled “Jaundice”, and a straight line is drawn up to the row labeled “Points” to determine the corresponding points. This process is then
repeated for each of the remaining factors. After the total points are summed, a straight line is drawn from the appropriate total point number location to the rows
labeled “1-yr survival prob” and “3-yr survival prob” to predict patient survival probability; B: Calibration curves for predicting 1- and 5-yr overall survival for GBC
patients after radical resection. Actual survival measured via Kaplan-Meier analysis is shown on the Y-axis, and the nomogram-predicted survival is shown on the X-axis.
CA19-9: Carbohydrate antigen 19-9.

construct and then validate a nomogram. Instead, we
first checked the predictive potential of each candidate
variable. Importantly, after statistical analysis, we found
that cCA19-9 was a confounder for BMI levels and thus
excluded cBMI from nomogram construction.
The SEER database of the National Cancer Institute,
which represents approximately 26% of the US popul
ation, can be used to obtain enough clinical information
[10,11]
on rare tumor types, such as GBC. Wang et al
successively built two nomograms derived from the SEER
database to evaluate the survival benefit of adjuvant
RT, adjuvant chemotherapy, or CRT for patients with
GBC. The first model demonstrated that patients with
node-positive and/or T2 stage or higher disease had
[10]
the greatest benefit from adjuvant RT . The second
nomogram found that patients with at least T2 or N1
[11]
disease had a survival benefit from adjuvant CRT .
Both studies indicated the potential for age at diagnosis,
gender, race, extent of the primary tumor, and nodal
status to influence the survival time of GBC patients.
Interestingly, there are some differences between
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our results. The main reason may be that the study
patients were from two different countries, leading to
heterogeneity in ethnicity. In addition, environmental
factors, such as living conditions, eating habits, and other
risk factors, may also have contributed to the different
[16,18,19]
results
. Furthermore, GBC is a rare tumor in China;
thus, large, multi-institutional study cohorts are lacking.
In addition, we lacked a population-based cancer registry
database similar to the SEER database. Our cohort was
thus relatively small, and it was difficult to perform the
same study strategy, which caused discrepancies in the
results.
[13]
Recently, Zhang et al
constructed a model to
predict the survival of patients with nonmetastatic GBC
after surgical resection derived from the SEER data
[10,11]
base. Compared with the studies by Wang et al
,
they identified additional predictors, including tumor
size, histological grade, lymph node excision, and
chemotherapy. Their nomogram performed better than
the seventh edition of the AJCC Cancer Staging system,
further demonstrating the superiority of nomograms.
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Figure 6 Receiver operating characteristic and decision curve analysis of the nomogram for 1- and 3-yr survival. A: Time-dependent receiver operating
characteristic curve analysis for the sensitivity and specificity of the nomograms. The combined nomogram (red solid line) had higher accuracy compared with the
individual indicators; B: Time-dependent decision curve analysis for the clinical benefit of the nomograms and the corresponding scope of application. The black
dotted line represents the assumption that all patients survive in the first and third year. The gray solid line represents the assumption that no patients survive in the
first or third year. The red solid line represents the combined nomogram. The threshold probability between two vertical dashed lines represents the 95%CI of 1- and 3-yr
survival probability in the null model. ROC: Receiver operating characteristic; DCA: Decision curve analysis.

Among these variables, tumor size, which had no
correlation with prognosis in our model, was treated as
two classified variables in their model. The AJCC standard
does not use tumor size to assess T stage, which is in
line with our results, indicating that tumor size plays
a minor role in survival in GBC. Notably, continuous
variables do not typically have a purely linear relationship
with prognosis. After analyzing martingale residuals vs
BMI, tumor size, and age, we found that converting
these continuous variables into categorical variables
was a better strategy for model selection. Furthermore,
in contrast to conventional modeling methods, due
to missing data regarding the grade variable, we first
evaluated potential factors one by one to select five
variables, including jaundice, cBMI, cCA19-9 levels, stage,
and R that significantly affected outcome. For cCA19-9,
which was a confounder of BMI levels and showed no
interactions with each pair of predictors, four predictors
other than cBMI were considered to establish the final
nomogram. Overall, our research strategy was particularly
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suitable for a small study sample and single-center rare
tumor cohorts, especially those with partial missing data.
More importantly, our nomogram, which was based on
a previously reported strategy, exhibited high predictive
accuracy (C-index: 0.803; 95%CI: 0.766-0.839) and
model performance (adjusted C-index: 0.797).
There are several potential limitations in this study.
Our research cohort was from a single institution
(PUMCH, which is one of the most famous hospitals
where GBC patients from Beijing and the surrounding
can seek diagnosis and treatment) with a small clinical
database. The study results may not be widely used
in patients from other institutions or countries because
of selection bias and the lack of external validation.
However, compared with patient cohorts from some
other institutions in China, the clinical characteristics
were similar, indicating the individualized epidemiology
[20]
of GBC in China . In addition, these shortcomings
may to some extent be transformed into advantages
because compared with large-scale multicenter studies,
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the nomogram were assessed via receiver operating characteristic (ROC) curve
analysis and decision curve analysis (DCA), respectively.

a predictive nomogram built from a single institution
study may have a high sensitivity and specificity due to
decreased heterogeneity caused by demographic, clinical,
and tumor-related characteristics. Clinicians are devoted
to constructing models with general applicability and high
accuracy at all times. However, this aim is always hard
to fulfill due to the contradictions between heterogeneity
and homogeneity. The establishment of a nomogram
based on a single institution for survival prediction of
rare tumors may be an alternative choice. Here, we
introduced the details of a modeling method to facilitate
the wide application of this research strategy.
In summary, jaundice, preoperative CA19-9 levels,
AJCC-8 stage, and surgical margin status played vital
roles in influencing survival time and were incorporated
into a nomogram to predict outcomes for postoperative
GBC patients. This model had high predictive accuracy
and performed well after bootstrap validation and
calibration. This type of research strategy should be
widely used to construct specific nomograms according
to different institutional databases, especially for rare
tumors with small patient sample sizes with some
missing data.

Research results

A nomogram consisting of jaundice, CA19-9 levels, pathological stage, and
resection margin status was constructed to predict the survival time of GBC
patients after curative resection. More importantly, our nomogram exhibited
high predictive accuracy (C-index: 0.803; 95%CI: 0.766-0.839) and model
performance (adjusted C-index: 0.797). Due to limited samples, more samples
are needed to optimize model performance.

Research conclusions

A nomogram was constructed to predict the overall survival of GBC patients
who underwent radical surgery from a clinical database of GBC at PUMCH.
In addition to a conventional nomogram construction strategy, continuous
predictors were first converted into categorical variables after graphical
assessment. Then, optimal cutoffs were selected regarding both normal
references and martingale residuals. Schoenfeld residuals were analyzed with
respect to ranked survival time for selected predictors, including jaundice,
CA19-9 levels, pathological stage, and R, to further evaluate whether the
proportional hazards assumption was valid. Finally, the predictive accuracy and
clinical utility of nomogram were checked via ROC curve analysis and DCA,
respectively. In summary, this study not only introduced a novel nomogram
construction method to optimize model performance but also provided more
detail information for clinicians to perform patient counseling, decision-making,
and follow-up scheduling.

Research perspectives

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

This study describes a modeling method based on a single institution for
survival prediction of rare tumors. This model had high predictive accuracy and
performed well after bootstrap validation and calibration. This research strategy
should be widely used to construct specific nomograms according to different
institutional databases, especially for rare tumors with small sample sizes of
patients with some missing data.

Research background

Gallbladder cancer (GBC) is a rare tumor type with dismal outcomes. With
advances in medical science, GBC patients have more treatment choices in
addition to surgical resection, including chemotherapy, radiotherapy, targeted
therapy, and immunotherapy. However, 5-year survival rates are surprisingly
decreasing in China. Hence, screening GBC prognostic risk factors and
constructing a prognostic model with high predictive accuracy and clinical utility
for assessing the survival time of patients undergoing curative intent resection
for GBC are of great importance.
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AIM
To assess the incremental benefit of narrow band
imaging (NBI) and white light endoscopy (WLE),
randomizing the initial technique for the detection of
residual neoplasia at the polypectomy scar after an
endoscopic piecemeal mucosal resection (EPMR).

INTRODUCTION
Resection of non-pedunculated polyps, usually large
sessile colonic polyps, increases technical difficulty and
often requires fragmented resection or endoscopic
[1]
piecemeal mucosal resection (EPMR) . EPMR has
been associated with lesion recurrence in 16%-27% of
[2-4]
cases . Consequently, clinical guidelines recommend
endoscopic follow-up between 3 mo and 6 mo after
piecemeal resection of colorectal polyps to check for
[5,6]
residual neoplasia .
Narrow band imaging (NBI) improves visibility and
identification of the surface and vascular structures of
colon polyps. This technique uses optical interference
filters to spectrally narrow the bandwidths used in
conventional white light, providing more visual detail to
superficial mucosal structures, and enhancing visualization
[7]
of the superficial mucosal capillaries in neoplastic tissue .
In contrast to conventional chromoendoscopy, NBI is
easy to activate by pressing a button on the handle of the
endoscope.
Virtual or conventional chromoendoscopy is applied
during polyp resection, defining the edge of the lesion.
There have been few studies using conventional
[8]
chromoscopy or NBI in the examination of the EPMR
[9]
scar. In 2011, Rogart et al compared the accuracy of
NBI with that of standard white light for the detection
of residual neoplasia at the resection site in 60 discrete
lesions (from the upper gastrointestinal tract to colon).
In 27 out of 43 (63%) lesions detected, the extension of
the residual scar was greater with NBI than with white
light. However, this finding does not reveal whether the
use of this technique could improve the detection of
residual tumor after piecemeal polypectomy, avoiding
complications, time and the costs of biopsy and histo
logical analysis.
In this context, the European Society of Gastro
intestinal Endoscopy (ESGE) published the first guideline
on advanced endoscopic imaging for the detection and
differentiation of colorectal neoplasia and recommends
conventional or virtual chromoendoscopy such as NBI in
the evaluation of patients with a piecemeal polypectomy
scar (a strong recommendation, but with low quality
[10]
[11]
evidence) . A recent paper by Desomer et al
was
the first to describe a standardized imaging protocol
with high-definition WLE and sequential NBI for postendoscopic mucosal resection (EMR) scar assessment,
showing that this protocol is highly accurate in the
endoscopic detection of residual or recurrence adenoma
in the EMR scar, however, both techniques were always
applied sequentially in the same order (WLE plus NBI)
precluding to conclude the global accuracy depending on

METHODS
We conducted an observational study in an academic
center to assess the incremental benefit of NBI and
WLE randomly applied 1:1 (NBI-WLE or WLE-NBI)
in the follow-up of a post-EPMR scar by the same
endoscopist.
RESULTS
A total of 112 EPMR scars were included. The median
baseline polyp size was 20 mm (interquartile range:
14-30). At first review, NBI and WLE showed good
sensitivity (85.0% vs 78.9%), specificity (77.1% vs
84.2%) and overall accuracy (80.0% vs 82.5%). NBI
after WLE (WLE-NBI group) improved accuracy, but this
difference was not statistically significant [area under
the curve (AUC): 86.8% vs 81.6%, P = 0.15]. WLE
after NBI (NBI-WLE group) did not improve accuracy
(AUC: 81.4% vs 81.1%, P = 0.9). Overall, recurrence
was found in 39/112 (34.8%) lesions.
CONCLUSION
Although no statistically significant differences were
found between the two techniques at the first postEPMR assessment, the use of NBI after WLE may
improve residual neoplasia detection. Nevertheless,
biopsy is still required in the first scar review.
Key words: Colonoscopy; Narrow band imaging;
Endoscopic mucosal resection
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic mucosal resection of colon polyps
in a piecemeal fashion requires a first close follow-up
to detect residual neoplasia. There are limited data on
the optimal approach to reviewing polypectomy scars
with narrow band imaging (NBI). In this prospective
observational study, which randomized the initial
technique for the detection of residual neoplasia, NBI
was slightly more accurate than white light endoscopy.
To improve the assessment of polypectomy scars, highdefinition endoscopes with NBI should be the rule.
However, biopsies are still required at the first follow-up,
even if there are no macroscopically evident lesions.
Riu Pons F, Andreu M, Gimeno Beltran J, Álvarez-Gonzalez MA,
Seoane Urgorri A, Dedeu JM, Barranco Priego L, Bessa X. Narrow
band imaging and white light endoscopy in the characterization
of a polypectomy scar: A single-blind observational study. World
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Endoscopic mucosal scar assessment
Randomized
WLE-NBI

NBI-WLE

First review

WLE

NBI

Record lesions
Level of confidence

Second review

WLE

NBI

Record lesions
Level of confidence
Biopsy or resection

Figure 1 Study protocol. Prediction of residual adenoma/hyperplastic tissue by the endoscopist with a level of confidence: Positive or: Negative. WLE: White light
endoscopy; NBI: Narrow band imaging.

the order of scar exploration of which technique at first is
relevant.
Therefore, the present study was designed to assess
the incremental benefit of NBI and WLE, randomizing the
initial technique for the detection of residual neoplasia at
the polypectomy scar after EPMR.

experienced senior endoscopists (experience of > 4000
colonoscopies) using high-definition colonoscopes
with NBI (EVIS EXERA III CV-190; Olympus Inc.,
[13]
Tokyo, Japan) . All colonoscopies fulfilled the best
standards of quality (cecal intubation, bowel prepara
tion cleanliness and endoscope time withdrawal). All
patients underwent bowel preparation using split-dose
4 L of oral polyethylene glycol-based solution. Level
of consciousness was monitored by propofol alone or
combined with midazolam and fentanyl at the discretion
of the endoscopist. An anesthesia specialist was
consulted in individual cases.
Each procedure was performed by the same
endoscopist. Randomization was done before the
initiation of the procedure. Allocation concealment of
the first technique was computer-generated by the
biomedical research consulting service of Hospital del
Mar Medical Research Institute (IMIM), Barcelona. In
addition, three specialized pathologists were blinded to
the study protocol and samples were received as scar
polypectomy for assessment. Colon inspection was
done with WLE during withdrawal. At the proximity of
the scar or scars, if there was multiplicity, WLE and NBI
were used randomly one after the other (WLE-NBI or
NBI-WLE group). If NBI was the first technique used, it
was switched prior to scar detection, avoiding, as far as
possible, a glance with WLE (Figure 1).
At first scar review, any macroscopically suspicious
lesion or nodularity (evaluation site) was assigned
a level of confidence, recorded on a data sheet by
the endoscopist. The level of confidence represented
a prediction of visual residual neoplasia graded as
positive: High confidence of diagnostic certainty or
negative: Low confidence or normal appearing scar. The
morphology of each evaluation site was described as flat
or nodular elevated. Residual neoplasia was defined for
any adenoma or serrated tissue that was confirmed on
histopathological analysis. After the first examination,
the endoscopist switched to the second endoscopic
technique and reviewed the polypectomy scar again.

MATERIALS AND METHODS
Study design and population

An observational study was conducted from May 2015
to May 2016 at the Endoscopy Unit of Hospital del
Mar in Barcelona (Spain) to compare the accuracy of
both NBI and high-definition WLE in detecting residual
neoplastic tissue after EPMR of a colonic polyp.
The study protocol, in compliance with the ethical
guidelines of the 1975 Declaration of Helsinki, was
approved by the institutional review board of Parc de
Salut Mar, 21 April 2015 (protocol number: 2015/6152/
I) and registered at ClinicalTrials.gov (NCT02448693).
Written informed consent was obtained from all patients
included in the study.
We included from the electronic database of the
Endoscopy Unit consecutive patients with a minimum
age of 18 years who had undergone a baseline
colonoscopy in the last 12 mo with one or more sessile
or flat polyp removed in a piecemeal fashion regardless
of size. All baseline colonoscopies were performed by
general gastroenterologists or expert endoscopists.
Patients were excluded from follow-up colonoscopy if
an advanced colorectal cancer (CRC) was found at the
baseline colonoscopy, or if they did not attend followup or did not provide informed consent, or if they had
a high risk of complications due to sedation -including
patients with high comorbidity (American Society of
Anesthesiologists, ASA grade IV and higher)- or had
inadequate bowel preparation defined by the Boston
[12]
bowel preparation score .

Procedure

Follow-up colonoscopies were performed by five
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Consecutive lesions
Assessed for eligibility
(n = 164)

Excluded
Comorbidities: 7
CRC at baseline colonoscopy: 3
Declined to participate: 6
Dificult to localize/size: 4
Follow-up colonoscopy done: 11
Out of range for inclusion: 11
Sent to surgery after two
attempts at EPMR: 1
Lost to follow-up: 1

Post-EPMR scars included
Randomization of the first technique
(n = 120)

WLE-NBI group
(n = 60)

NBI-WLE group
(n = 60)

Excluded
Scar not found: 5

Excluded
Scar not found: 3

WLE-NBI histology group
(n = 57)

NBI-WLE histology group
(n = 55)

Figure 2 Flow diagram of study selection. WLE: White light endoscopy; NBI: Narrow band imaging; EPMR: Endoscopic piecemeal mucosal resection; CRC:
Colorectal cancer.

Any newly detected or suspicious lesions were classified
by making another prediction with a level of confidence
and recorded separately from the first review on a data
sheet. For newly suspected irregularities considered
as positive, the first review was being graded as
negative. After both evaluations, all of the sites were
biopsied (up to three), including an apparently normal
scar. If detected lesions were larger than 5 mm, the
endoscopist could use any additional therapeutic arsenal
to destroy the residual tissue by means of cold snare,
diathermy, EMR or argon plasma coagulation. The
rest of the colon was inspected following conventional
standards with WLE.
Data from the baseline colonoscopy included: lesion
[14]
size and location, Paris classification , NBI International
[15]
Colorectal Endoscopic (NICE) classification , histology,
ASA classification, use of clips, use of endoscopic tattooing
to mark the lesion, number of resected specimens
[16]
from EPMR (categorized as 2-5 or > 5 specimens) ,
endoscopists who performed EPMR, and median time
from baseline colonoscopy to evaluation.
The primary outcome was the accuracy of NBI and
WLE in detecting residual neoplasia in a polypectomy
scar, with pathological analysis as the gold standard.

square test or Fisher’s exact test. The accuracy of each
technique in detecting residual neoplasia was assessed
globally for each scar. Receiver operating characteristic
(ROC) curve analyses were performed to reveal the
relationship between the sensitivity and specificity of
NBI and WLE. Kappa statistics were used to assess
interobserver agreement between endoscopists for each
technique and with histology. The threshold values of
[17]
kappa defined by Landis and Koch are: 0.0 agreement
no greater than chance alone, 0.01-0.2 slight, 0.21-0.4
fair, 0.41-0.6 moderate, 0.61-0.8 substantial and 0.81-1.0
near perfect agreement. P values < 0.05 were considered
to be statistically significant. Statistical analyses were
performed using STATA/IC 13.1 (StataCorp, College
Station, TX, United States).
[9]
On the basis of previous studies , we aimed to
improve sensitivity in the detection of residual tissue
after an EPMR (WLE vs NBI) from 70% to 85%. A
sample size of 120 lesions (60 in each of the two
groups) achieved 80% power to detect a difference,
with alpha = 0.05.

Statistical analysis

A total of 164 EPMR in 156 patients were assessed for
eligibility. One hundred twenty lesions from 111 patients
were included in this study and 44 were excluded as
shown in Figure 2. The enrolled patients were randomly

RESULTS
Baseline characteristics

Continuous variables were compared using the t-test,
if normally distributed, and the Mann-Whitney test if
not. Categorical variables were compared using the chi-
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more prevalent (57.1% males) and the mean age was
67.7 years (SD: 10.1) at the time of the EPMR procedure.
The median size of the lesion was 20 mm (interquartile
range: 14-30). Lesions were most frequently located
proximal from the cecum to the transverse colon
(78.6%). Polyp morphology was sessile 0-Is (42.9%),
superficial elevated 0-IIa (44.6%), or other non-polypoid
combinations (12.5%), with predominantly adenoma
with low-grade dysplasia (47.3%). The resection
technique was using saline injection with indigo carmine
and optionally diluted adrenaline.
Endoscopic clips were used in 59 of 112 lesions
(52.7%), with a median of three clips (interquartile
range: 1-3) per session. The reasons for clipping were
mostly for prophylactic measures in 56 patients (94.9%),
intraprocedural bleeding in two patients (3.4%) and
suspicion of deep mural injury in one patient (1.7%).
All the complications were successfully managed endo
scopically with no clinically significant post-procedural
bleeding or late complications.

Table 1 Baseline patient’s characteristics n (%)
Total number of lesions
Mean age, years (SD)
Sex ratio, % male
Weight (Kg, SD)
BMI (Kg/m2, SD)
Family History of CRC
Personal History of CRC
Current smoking
Diabetes
Lesion size, mm (median, interquartile range)
Categorical size
10-19 mm
20-39 mm
≥ 40 mm
Location of the lesion
Cecum
Ascending
Transverse
Descending
Sigmoid
Rectum
ASA classification
ASA I
ASA II
ASA III
Paris classification
0-Is
0-IIa
Other combinations (IIa + Is/IIc)
NICE classification
NICE I
NICE II
NICE III
Number of resected pieces
2-5 pieces
> 5 pieces
Baseline histology
Hyperplastic
Adenoma with LGD
Adenoma with HGD
Sessile serrated adenoma (SSA)
Traditional serrated adenoma (TSA)
Adenocarcinoma (pT1 stage)
Use of clips
Clips per lesion (median, interquartile range)
Use of clips
Prophylactic
Intraprocedural bleeding
Suspicion of deep mural injury
Tattooed lesion after EPMR
Endoscopist who performed piecemeal EMR
Expert endoscopists
General gastroenterologists
Median time to review (months, interquartile range)

112
67.7 (10.1)
57.1
74.7 (15.4)
27.6 (5.1)
27 (24.1)
7 (6.3)
20 (17.9)
19 (17.0)
20 (14-30)
47 (42.0)
52 (46.4)
13 (11.6)
15 (13.4)
53 (47.3)
20 (17.9)
4 (3.6)
10 (8.9)
10 (8.9)
18 (16.1)
56 (50.0)
38 (33.9)

Comparison of NBI and WLE

The median time from initial resection to scar review was
3.9 mo (interquartile range: 3.0-5.3). The characteristics
of WLE-NBI and NBI-WLE are shown in Table 2. Both
groups were similar, including the presence of clips that
remained at the polypectomy scar, except for the median
size of baseline polyps, which were larger in the WLE-NBI
group.

48 (42.9)
50 (44.6)
14 (12.5)
17 (15.2)
94 (83.9)
1 (0.9)

Assessment of WLE and NBI with histology

46 (41.1)
66 (58.9)

Among the 112 lesions, a minimum of one biopsy per
scar was assessed, two different biopsies in 25 scars,
and up to three in three scars. When comparing the
two techniques with histology as the gold standard, we
analyzed those lesions as a whole scar.
In the WLE-NBI group, a first inspection with WLE
obtained 78.9% sensitivity, 84.2% specificity, 71.4%
positive predictive value (PPV) and 88.9% negative
predictive value (NPV). The addition of a second review
with NBI slightly increased sensitivity to 89.5% and NPV
to 94.1%, without modifying specificity (84.2%) or PPV
(73.9%).
Similar findings were demonstrated by the area
under the ROC curve for a global assessment. As shown
in Table 3, the addition of NBI was followed by a slight
but not significant increase in accuracy: WLE 81.6%
(95%CI: 70.5%-92.7%) vs NBI 86.8% (95%CI:
77.6%-96.0%, P = 0.15, Figure 3).
In the NBI-WLE group, in which the first review
was thorough NBI examination, we obtained 85.0%
sensitivity, 77.1% specificity, 68.0% PPV and 90.0%
NPV. Adding a second review with WLE did not increase
sensitivity (80.0%) but improved specificity (82.9%)
and PPV (72.7%) with similar NPV (87.9%).
As shown in Table 3, the AUC was similar for each
technique: NBI 81.1% (95%CI: 70.4%-91.8%) vs WLE
81.4% (95%CI: 70.4%-92.4%, P = 0.9, Figure 3).

4 (3.6)
53 (47.3)
39 (34.8)
11 (9.8)
2 (1.8)
3 (2.7)
59 (52.7)
3 (1-3)
56 (94.9)
2 (3.4)
1 (1.7)
38 (33.9)
98 (87.5)
14 (12.5)
3.9 (3.0-5.3)

BMI: Body mass index; ASA: American society of anesthesia; CRC:
Colorectal cancer; EMR: Endoscopic mucosal resection; LGD: Low-grade
dysplasia; HGD: High-grade dysplasia; EPMR: Endoscopic piecemeal
mucosal resection.

divided into two groups (WLE-NBI or NBI-WLE). After
randomization, 8 lesions were excluded because the
scar was not found, and therefore 112 scars were finally
included to the analysis.
The patients’ baseline characteristics of one hundred
twelve scars are depicted in Table 1. Male gender was
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Table 2 Characteristics between groups at protocol study
WLE-NBI (n = 57)

NBI-WLE (n = 55)

P value

54.4
67.3
28.2

60.0
68.2
27.0

0.36
0.65
0.23
0.002

16 (28.1)
30 (52.6)
11 (19.3)
79.0

31 (56.4)
22 (40.0)
2 (3.6)
78.2

26 (45.6)
22 (38.6)
9 (15.8)

22 (40.0)
28 (50.9)
5 (9.1)

8 (14.0)
48 (84.2)
1 (1.8)

9 (16.4)
46 (83.6)
0 (0)

2 (3.5)
26 (45.6)
22 (38.6)
5 (8.8)
0 (0)
2 (3.5)

2 (3.6)
27 (49.1)
17 (30.9)
6 (10.9)
2 (3.6)
1 (1.8)

29 (50.9)
28 (49.1)
3 (5.3)

20 (36.4)
35 (63.6)
8 (14.6)

38 (66.7)
19 (33.3)
2.4 (2.7)
55.9

35 (63.6)
20 (36.4)
2.4 (2.7)
51.9

Sex (male, %)
Age (yr)
BMI (mean)
Baseline polyp size
10-19 mm
20-39 mm
≥ 40 mm
Location, right sided (%)
Paris Classification
0-Is
0-IIa
Other Combinations
NICE Classification
NICE I
NICE II
NICE III
Baseline histology
Hyperplastic
Adenoma with LGD
Adenoma with HGD
Sessile Serrated Adenoma (SSA)
Traditional serrated adenoma
Adenocarcinoma (pT1 stage)
Morphology of scar on site 1
Flat
Nodular elevated
Presence of clips on scar
Residual neoplasia on histology assessment
Negative
Positive
Polyps resected (mean, SD)
Mean time baseline EPMR colonoscopy (min)

0.92
0.34

0.90

0.78

0.12

0.12
0.74

0.92
0.38

WLE: White light endoscopy; NBI: Narrow band imaging; BMI: Body mass index; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; EPMR:
Endoscopic piecemeal mucosal resection.

Table 3 Diagnostic performance of white light endoscopy and narrow band imaging for each group
WLE-NBI group
Sensitivity
Specificity
False positive
False negative
PPV
NPV
LR +
LR Global accuracy
AUC

NBI-WLE group

WLE (95%CI)

NBI (95%CI)

NBI (95%CI)

WLE (95%CI)

78.9% (56.7-91.5)
84.2% (69.6-92.6)
15.8% (7.4-30.4)
21.1% (8.5-43.3)
71.4% (50.0-86.2)
88.9% (74.7-95.6)
5 (2.3-10.8)
0.3 (0.1-0.6)
82.5% (70.6-90.2)
81.6% (70.5-92.7)

89.5% (68.6-97.1)
84.2% (69.6-92.6)
15.80% (7.4-30.4)
10.50% (2.9-31.4)
73.9% (53.5-87.5)
94.1% (80.9-98.4)
5.7 (2.7-12.0)
0.1 (0.03-0.5)
86.0% (74.7-92.7)
86.8% (77.6-96.0)

85.0% (64.0-94.8)
77.1% (61.0-87.9)
22.9% (12.1-39.0)
15.00% (5.2-36.0)
68.0% (48.4-82.8)
90.0% (74.4-96.5)
3.7 (2.0-7.0)
0.2 (0.1-0.6)
80.0% (67.6-88.4)
81.1% (70.4-91.8)

80.0% (58.4-91.9)
82.9% (67.3-91.9)
17.1% (8.1-32.7)
20.0% (8.1-41.6)
72.7% (51.8-86.8)
87.9% (72.7-95.2)
4.7 (2.2-10.0)
0.2 (0.1-0.6)
81.8% (69.7-89.8)
81.4% (70.4-92.4)

P = 0.15

P = 0.9

CI: Confidence interval; WLE: White light endoscopy; NBI: Narrow band imaging; PPV: Positive predictive value; NPV: Negative predictive value; LR:
Likelihood ratio; AUC: Area under the curve.

There was also a high degree of interobserver
agreement between WLE and NBI (Kappa value, 0.91)
and good concordance with histology (WLE: Kappa, 0.62
and NBI: Kappa, 0.65).
None of the patients had major complications due to
the colonoscopy assessment.

39 (34.8%) had residual neoplastic lesions on histologic
assessment (Figure 4): 1 (2.6%) hyperplastic polyp, 29
(74.4%) adenomas with low-grade dysplasia, 5 (12.8%)
adenomas with high-grade dysplasia, 3 (7.7%) sessile
serrated polyps and 1 (2.6%) carcinoma. The latter
case, considered a high-grade dysplastic adenoma
at the baseline piecemeal polypectomy, was a flat
depressed (0-IIc) unresectable lesion on colonoscopy
follow-up.

Residual neoplasia in scar tissue

Of the 112 scars detected at the endoscopic follow-up,
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Figure 3 Receiver operating characteristic curve. Global assessment of white light endoscopy (WLE) and narrow band imaging (NBI) is drawn for each group.
A: WLE-NBI; B: NBI-WLE. The cut-off of the best area under the operating characteristic curve (ROC) curve is the true positive rate (sensitivity) plotted to the false
positive rate (1.0-specificity). The closer the ROC curve to the upper left corner, the higher the accuracy of the test.

A

B

C

D

Figure 4 Examples of endoscopic mucosal scar with white light endoscopy and narrow band imaging (above and below and from left to right). A: Normal
scar; B: Clear residual tissue of a surprisingly sessile serrated polyp/adenoma with no dysplasia on either the scar or endoscopic piecemeal mucosal resection; C:
Apparent normal tissue with low-grade dysplasia at histology; D: Small residual tissue with low-grade dysplasia surrounding a clip (a clip artifact).

the higher accuracy of WLE+NBI, the false negative
result, meaning to give a negative diagnosis but was
actually positive on histology, was 6.7%, indicating
that a surveillance and histology protocol need to be
implemented before biopsies can be omitted.
Globally, we identified 34.8% of patients with
residual neoplasia, which is higher than values reported
[2-4]
in the literature . In most of the patients, the residual
neoplastic tissue was treated endoscopically. However,
due to the primary outcome of the study, we did
not undertake a second follow-up to determine the
persistence of residual neoplasia subsequently. Knabe
[18]
et al
reported a similarly high recurrence of 31.7%
at the first follow-up, and pointed out that 7% of
macroscopically inconspicuous polypectomy scars were
found to have occult residual adenoma. This highlights
that a substantial proportion of large EPMR confers
incomplete resection and some scars can harbor late

DISCUSSION
We found that NBI and WLE showed high sensitivity,
specificity and very good accuracy in detecting residual
neoplasia. Of importance, in the first review with
both techniques, the global assessment was almost
equivalent (AUC: 82%). Sensitivity and NPV were
improved only by NBI after WLE but this difference was
not statistically significant.
Current ESGE guidelines of advanced colonoscopic
imaging suggest the use of conventional or virtual chro
moendoscopy at the piecemeal polypectomy scar, but
[10]
[11]
there is scarce evidence . In 183 lesions, Desomer et al
demonstrated that NBI achieves higher sensitivity and
specificity than WLE alone (sensitivity: 93.3% vs 66.7%;
specificity: 94.1% vs 96.1%). However, a ROC curve
for global assessment would have been desirable to
discriminate statistically significant differences. Despite

WJG|www.wjgnet.com

5185

December 7, 2018|Volume 24|Issue 45|

Riu Pons F et al . NBI and WLE in polypectomy scar
recurrence. In our study, the use of NBI after WLE
yielded a false negative rate of 11%. These lesions
could have been missed had we not taken biopsies from
the scar.
Of note, almost half of the lesions were clipped,
mostly as a prophylactic measure. Their use or
presence at the scar did not influence characterization
or recurrence. This type of closure makes a nodularity
of elevated normal mucosa or a granulation tissue,
[19]
also called the clip artifact . However, even though
we did not evaluate the morphology of the clip artifact,
the presence of a nodule or irregularity should be
meticulously inspected and, if there is inconclusive focal
[20]
change, biopsies or excision should be performed .
There are some explanations that plausibly strengthen
our findings. First, for this study, we used high-definition
colonoscopes (series 190 from Olympus). The vascularity
or the pit pattern of the polypectomy scar seems to be
well defined even with WLE. Second, the strength of
randomization involves the assignment of a grade of
suspicion each time the endoscopist detects irregularities
from the normal or fibrotic mucosa. Our results suggest
that switching the filter to NBI or WLE does not alter the
first impression (near perfect agreement with a kappa of
0.91).
Our study has some limitations. First, this is a
single-center study and the observed results should
be compared with those of other centers with different
level of expertise. In addition, we excluded patients with
high comorbidity who had undergone EPMR to avoid
losses or other complications related to sedation at
follow-up colonoscopy.
Second, randomization of the two techniques in
which the introduction of the colonoscope was on WLE
could have biased the results for the NBI-WLE group.
However, the results of NBI as the first evaluation
were similar to those of WLE as the first (AUC: 81.1%
vs 81.6%, respectively) and were slightly better than
those for the WLE-NBI group (AUC: 86.8%). Other
possible scenarios would have been insertion by a first
endoscopist and assessment by a second endoscopist,
or two different endoscopists at the same time for
each technique. This would have introduced other
bias by having two endoscopists in the same room,
and the results would be less homogeneous between
endoscopists.
Third, the median baseline polyp size was statistically
significant between the two groups at the follow-up
colonoscopy to evaluate the scar. We assume this nonintentional distribution was due to randomization of a
small sample. However, there was no difference in the
scar morphology or the number of residual tissue in the
histology sample between the two groups.
Finally, the median time to review was short,
which did not allow recurrence to be distinguished
from residual tissue. Moreover, we did not carry out
surveillance after 6 mo, which could have increased

WJG|www.wjgnet.com

the proportion of late recurrences detected. Due to the
primary outcome in our study, we could not extrapolate
the risk factors for recurrence. There is robust evidence
from a meta-analysis of potential predictors of local
recurrence, and the recurrence risk can be stratified by
[21,22]
using the Sydney EMR recurrence tool
.
In conclusion, this prospective observational study
of recurrence at endoscopic resection scars assessed
by expert observers did not show a difference in the
detection of recurrence at the EPMR scar depending
on whether the initial technique was NBI or WLE but
there was a slight accuracy improvement in the WLENBI group although non-significant. Biopsies are still
required in the first review of the scar in all cases, either
when there is any suspicious nodularity or clip artifact,
even if no macroscopically evident lesion is observed.
Although non-targeted forceps biopsy is an imperfect
gold standard, larger lesions resected in a piecemeal
fashion should be monitored at 3-6 mo to detect and
resect residual tissue.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Endoscopic mucosal resection of colon polyps in a piecemeal fashion (EPMR)
requires a first close follow-up at 3-6 mo. In addition, the European Society
of Gastrointestinal Endoscopy recommends the use of advanced endoscopic
imaging for the detection and differentiation of residual neoplasia at the
polypectomy scar, but with low quality of evidence.

Research motivation

There are limited data on the best approach with the use of narrow band
imaging (NBI) compared with white light endoscopy (WLE) to review a
polypectomy scar.

Research objectives

This study was designed to assess the incremental benefit of NBI and WLE,
randomizing the initial technique for the detection of residual neoplasia at the
polypectomy scar after an EPMR.

Research methods

We conducted an observational study of 120 polypectomy scars in 111
patients who had undergone a baseline colonoscopy with piecemeal
polyp resection regardless of size and prospectively assigned to follow-up
colonoscopy with random application of NBI and WLE 1:1 at the proximity
of the scar. Patients were distributed in two groups (NBI-WLE or WLE-NBI).
Five experienced endoscopists used Olympus 190 series for the assessment.
Any macroscopically suspicious lesion was recorded as positive, with high
confidence of a definitive diagnosis, or as negative. After the first examination,
the endoscopist switched to the second technique and reviewed the
polypectomy scar again, making a second prediction. After both evaluations,
all of the sites were biopsied, including apparently normal scars. All resected
specimens were blinded to the three specialized pathologists. The primary
outcome was the accuracy of NBI and WLE in detecting residual neoplasia in
the polypectomy scar, with pathological analysis as the gold standard. Receiver
operating characteristic (ROC) curve analyses were performed to reveal the
relationship between the sensitivity and specificity of NBI and WLE, and Kappa
statistics were used to assess interobserver agreement between endoscopists
for each technique and with histology.

Research results

After randomization, 8 lesions were excluded from the final assessment
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because the scar was not found, and therefore 112 scars were finally included
to the analysis. In the WLE-NBI group, a first inspection with WLE showed
78.9% sensitivity, 84.2% specificity, 71.4% positive predictive value (PPV)
and 88.9% negative predictive value (NPV). The addition of a second review
with NBI slightly increased sensitivity to 89.5% and NPV to 94.1%, without
modifying specificity (84.2%) or PPV (73.9%). The addition of NBI was followed
by a slight but non- significant increase in accuracy, shown by the area under
the ROC curve (AUC): WLE 81.6% vs NBI 86.8% (P = 0.15). In the NBIWLE group, which underwent the first review with NBI, the results in terms of
sensitivity and specificity were almost equivalent. There were no differences in
the AUC with NBI (81.1%) vs WLE (81.4%) (P = 0.9). There was a high degree
of interobserver agreement between WLE and NBI (Kappa value, 0.91) and
good concordance with histology (WLE: Kappa 0.62 and NBI: Kappa, 0.65). Of
the 112 scars detected at the endoscopic follow-up, 39 (34.8%) had residual
neoplastic lesions on histologic assessment.

6

7

8

9

Research conclusions

We found that NBI and WLE showed high sensitivity, specificity and very
good accuracy in detecting residual neoplasia. Sensitivity and NPV were
improved only when NBI was performed after WLE but this difference was
not statistically significant. In our study we identified a higher rate of patients
with residual neoplasia. Due to the primary outcome of the study, we did not
undertake a second follow-up. Despite the use of NBI after WLE, we found a
false negative rate of 11%. These lesions could have been missed if we had
not taken biopsies from the scar. For this reason, we believe that biopsies are
still required in the first review of the scars in all cases, even if there are no
macroscopically evident lesions, although we recognize that this is an imperfect
gold standard. Monitoring EPMR at 3 to 6 mo is mandatory to detect and resect
residual tissue.

10

11

12

Research perspectives

The future direction in this field will probably focus on the use of optical
magnification or other digital improvements in image enhancing techniques.

13
14
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INTRODUCTION
Tyrosine kinase inhibitors (TKIs), such as imatinib, suni
tinib, and regorafenib, have significantly improved the
overall survival of patients with gastrointestinal stromal
tumors (GISTs). Their widespread use in clinical practice
has provided evidence and experience from which we
now may gain practical insight on further improving TKI
efficacy and safety.
Maintaining continued drug administration at a suffi
cient dose is crucial for good efficacy. For GIST patients
undergoing TKI therapy, the management of TKI-asso
ciated side effects is equally important. Fortunately, the
symptoms of TKI-associated side effects are unique and
can be exploited in the design of more effective and safe
management protocols. The Chinese Society of Surgeons
for Gastrointestinal Stromal Tumor of the Chinese Medical
Doctor Association organized an expert panel discussion
involving GIST-treating clinical doctors representing the
various systemic components affected in our patient
population including doctors from gastrointestinal sur
gery, medical oncology, cardiology, dermatology, neph
rology, endocrinology, and ophthalmology. All treatment
recommendations in this article are graded according
to the Grades of Recommendation Assessment, Devel
opment and Evaluation (GRADE) system, which is widely
[1]
accepted to make evidence-based recommendations .
The final grade for the quality of evidence by the GRADE
system is in Table 1.
This consensus guideline is intended to provide evi
dence- and experience-based expert recommendations
on the management of TKI-associated side effects in
GIST patients, in order to improve the efficacy and safety
of TKI therapy. All the TKIs-associated side effects are
summarized in Table 2.
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Abstract
Tyrosine kinase inhibitors (TKIs) have improved the
overall survival of patients with gastrointestinal stromal
tumors (GISTs), but their side effects can impact dose
intensity and, consequently, the clinical benefit. To date,
no guideline or consensus has been published on the
TKI-associated adverse reactions. Therefore, the Chinese
Society of Surgeons for Gastrointestinal Stromal Tumor
of the Chinese Medical Doctor Association organized
an expert panel discussion involving representatives
from gastrointestinal surgery, medical oncology, cardi
ology, dermatology, nephrology, endocrinology, and oph
thalmology to consider the systemic clinical symptoms,
molecular and cellular mechanisms, and treatment recom
mendations of GISTs. Here, we present the resultant
evidence- and experience-based consensus to guide the
management of TKI-associated side events in clinical
practice.
Key words: Side effects; Gastrointestinal stromal tumor;
Tyrosine kinase inhibitors; Consensus guideline; China
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first consensus focusing on tyrosine
kinase inhibitor (TKI)-associated side effects in gastro
intestinal stromal tumors (GISTs). The authors include not
only oncologist, oncology surgeon, but also doctors from
other relative specialties, such as cardiology, dermatology,
nephrology, and endocrinology. The content consists
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TKI-ASSOCIATED SIDE EFFECTS
Edema and fluid retention

Edema is one of the most common adverse events (AEs)
experienced by GIST patients undergoing TKI therapy.
For imatinib, in particular, edema reportedly affects
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Table 1 The grade for the quality of evidence by the Grades of Recommendation Assessment, Development and Evaluation system
Final grade rank
High
Moderate
Low
Very low

Definition of grade rank
We are very confident that the effect of the study reflects the actual effect
We are quite confident that the effect in the study is close to the true effect, but it is also possible that it is substantially different
The true effect may differ significantly from the estimate
The true effect is likely to be substantially different from the estimated effect

[2]

74.1% of patients ; in contrast, edema is rare and
[3]
usually mild in patients receiving sunitinib . The TKIinduced condition, in general, presents most frequently in
the periorbital area or lower limbs.
Although there are reports of controlling the periorbital
edema by limiting salt intake or administering topical
[4]
phenylephrine or diuretics (GRADE moderate), most
cases of periorbital edema require no specific treatments.
For patients with mild generalized or peripheral edema, it
is important to perform regular weighing and monitoring
to detect any event of unexpected weight gain or serious
[5]
fluid retention (GRADE moderate). Patients with more
than a 3-kg weight gain in 1 wk should be counseled
[6]
to reduce salt intake (GRADE low). When supportive
measures result in control of symptoms, reducing the
dose of imatinib is not necessary (GRADE moderate).
Development of severe fluid retention, including pul
monary edema, pleural or pericardial effusion, and as
cites or rapid weight gain, warrants prompt initiation or
increased dose of a diuretic (GRADE moderate), although
the risk of instigating electrolyte depletion necessitates
a careful implementation of this approach. Regardless,
imatinib should be discontinued in cases of severe fluid
retention, and can be restarted once the edema is under
control; diuretic therapy should be maintained through
[7]
out (GRADE moderate).
Fluid retention may aggravate or cause heart failure.
Patients with past histories of cardiac disease, cardiac
failure, or renal impairment and associated risk factors
should be monitored closely (GRADE moderate). Timely
assessment will help to ensure initiation of proper treat
ments for patients as they present symptoms and signs
of cardiac and/or renal failure (GRADE moderate).

nausea incidence is 16% (1% representing grades
[10]
3-4) ; and, for sunitinib, the reported nausea incidence
is 24% (1% representing grades 3-4) and vomiting in
[11]
cidence is 16% (1% representing grades 3-4) .
No special treatments are required when nausea
and vomiting are mild or moderate. Dietary adjustment
(GRADE moderate), however, can be used. In such
cases, patients are advised to take a light diet consisting
of acidic foods, fruit juices, etc., and to avoid eating
sweet and greasy foods (GRADE moderate). If the AEs
are grade 3 or 4, reducing dosage or suspending the
drug administration is required. In such cases, more
severe nausea and vomiting can be controlled effectively
with antiemetic medications (GRADE high), such as
metoclopramide, chlorpromazine, 5-hydroxytryptamine
(5-HT3) receptor blockers, and dexamethasone, among
others. The TKI treatment can be reinstituted when the
symptoms improve to grade 1.
Diarrhea is another common gastrointestinal side
effect of the TKIs. While this AE is known to be dosedependent, its underlying mechanisms remain to be
[12]
fully elucidated . The reported occurrence rate of diar
rhea in patients treated with imatinib is 44.9% (2%
[2]
representing grades 3-4) , with regorafenib is 40%
[10]
(5% representing grade 3) , and with sunitinib is 29%
[11]
(3% representing grades 3-4) . For mild to moderate
diarrhea (grades 1-2), the drug dose does not need to be
reduced but dietary adjustment is required. Patients are
recommended a light, easily digestible, vitamin-rich, lowfiber, high-protein diet, avoiding cold, spicy, and greasy
foods (GRADE moderate).
In general, probiotics can be given occasionally to
adjust the intestinal flora (GRADE moderate). For those
patients whose diarrhea symptoms cannot be controlled
or exacerbate, the TKI treatment should be suspended,
and the patients should be given probiotics, berberine,
montmorillonite, loperamide hydrochloride, and fluid and
electrolyte support (GRADE high). The TKI treatment can
be reinstituted when the symptoms improve to grade
1. At this point, the initial dosage can be reduced, if
necessary.

Gastrointestinal AEs

Nausea and vomiting are the most common early AEs
presenting in GIST patients treated with imatinib, suni
[8]
tinib, or regorafenib . The nausea and vomiting are
often related, and most cases are reported as mild or
moderate (grades 1-2). These AEs may be caused by
the drugs’ ability to induce release of neurotransmitters
from the gastrointestinal tract and chromaffin cells,
exciting the vagus nerves and sympathetic nerves and
stimulating the vomiting center.
A prospective study of TKI-treated GIST patients
reported in the literature identified vomiting as a remar
[9]
kably common AE . Imatinib-treated GIST patients
have a reported incidence of nausea at 52.4% (1.4%
representing grades 3-4) and of vomiting at 12.9% (0.7%
[2]
representing grades 3-4) . For regorafenib, the reported
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Skin rash

Skin rash reportedly occurs in approximately 15% of
GIST patients treated with sunitinib, presenting as mild
symptoms; in contrast, up to 35% of GIST patients
treated with imatinib experience skin rash (approximately
[13,14]
10% representing grades 3-4)
. For patiens taking
imatinib, the likelihood of developing skin rash increases
with increased 800 mg/d dose having a reported rash
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Table 2 Summary of tyrosine kinase inhibitor-associated side effects
Side
effects

Relative
TKIs

Symptoms

Edema and fluid
retention

Imatinib

Frequently in the periorbital
area or lower limbs

Gastrointestinal
adverse events

Imatinib,
sunitinib,
regorafenib

Skin rash

Imatinib,
sunitinib

Ophthalmological
complications

Imatinib

Hypertension
Hand-foot
syndrome

Sunitinib,
regorafenib
Sunitinib,
regorafenib

Fatigue

Imatinib,
sunitinib,
regorafenib

Proteinuria

Hypothyroidism

Sunitinib,
regorafenib
Sunitinib,
regorafenib
Sunitinib,
regorafenib
Sunitinib

Hepatotoxicity
and
nephrotoxicity
Hair disorder

Imatinib,
sunitinib,
regorafenib
Imatinib

Interstitial lung
disease

Imatinib

Hematological
side effects

Imatinib,
sunitinib,
regorafenib

Stomatitis
Cardiotoxicity

Mechanisms

Inhibiting PDGFR and
decreasing the interstitial
pressure
Nause, vomiting, and diarrhea
Inducing release of
neurotransmitters, exciting the
vagus nerves and sympathetic
nerves
Erythematous and
Inhibiting of metabolic
maculopapular lesions
pathways mediated by tyrosine
kinases
Periorbital edema, epiphora,
Inhibiting PDGFR and
and hemorrhage in the
decreasing the interstitial
conjunctiva
pressure, conjunctival
chemosis
Hypertension
Activating the endothelin axis
and suppressing renin
Bilateral palmar plantar
Direct skin toxicity of TKIs,
erythema, skin peeling, and
poor repair of small traumas
pain
due to VEGFR and PDGFR
inhibition
Fatigue
5-HT3 neurotransmitter
disorder, proinflammatory
cytokine accumulation,
neuromuscular function
degradation
24 h urinary protein increase
VEGF inhibition

General
management

TKIs - dose reduction
or temporary
discontinuation

Limit salt intake or administer
diuretics

Occasionally

Antiemetic medications,
Antidiarrhoeal medicine

Seldom

Topical lotions, antihistamines
and steroids

Sometimes

Steroids and systemic diuretics

Not necessary

ACEIs, ARAs

Sometimes

Topical creams, keratolytic
creams, emollients, analgesics

Often

Exercise intervention,
nutritional support

Seldom

ACEIs, ARAs

Sometimes

Pain, edema, erythema, ulcers,
Blockade of the VEGFR
Oral care, analgesics
burning sensation
signaling pathway
Q-T interval prolongation,
AMPK and PDGFR inhibition
ACEIs, diuretics
decreased LVEF, etc
Clinical or subclinical
Destruction of the thyroid
Sodium levothyroxine
hypothyroidism
gland, inhibiting thyroid
peroxidase activity, decreasing
the density of thyroid
capillaries
Liver transaminase elevation,
HBV reactivation, VEGF
Antiviral treatment, diammoni
creatinine elevation
inhibition
um glycyrrhizinate
Discoloration, trichomegaly,
hypertrichosis, alopecia, etc.
fever of unknown origin,
cough, dyspnea, hypoxemia

Inhibition of kit pathway

No

Hypersensitivity reaction,
inhibition of PDGFR

Sufficient corticosteroids,
antibiotics

Anemia, neutropenia,
thrombocytopenia

Inhibiting KIT-expressing
hematologic stem cells

Sometimes
Often
Don’t need

Sometimes

Don’t need

Discontiuation
permanently in most
cases
Ferrous sulfate, folate, G-CSF,
Sometimes
TPO

TKI: Tyrosine kinase inhibitor; PDGFR: Platelet-derived growth factor receptor; ACEI: Angiotensin-converting enzyme inhibitor; ARA: Angiotensin Ⅱ
receptor antagonist; VEGFR: Vascular endothelial growth factor receptor; 5-HT3: 5-hydroxytryptamine; AMPK: 5' adenosine monophosphate-activated
protein kinase; LVEF: Left ventricular ejection fraction; G-CSF: Granulocyte colony-stimulating factor; TPO: Thrombopoietin.

[13]

incidence of 46.6% .
While the underlying mechanism of these cutaneous
reaction remains unclear, the high prevalence and dose
dependence (of imatinib) suggest an association with
a pharmacologic effect rather than a patient’s hyper
sensitivity. Inhibition of various metabolic pathways
mediated by tyrosine kinases, such as c-kit and plateletderived growth factor receptor (PDGFR), could be
involved in the pathophysiology of the adverse skin
[15]
reactions . Imatinib-induced skin rash commonly

WJG|https://www.wjgnet.com

presents as erythematous and maculopapular lesions
and may occur at any point throughout the treatment
administration, but often occurs during the first week.
The forearms or trunk are often affected, and may show
[4]
pruritic and desquamated skin . The skin rash may also
[15]
be more common in female patients . Severe cases
may rarely lead to toxic epidermal necrolysis or Stevens[4]
Johnson syndrome .
The most common sunitinib-related skin AE is dry
skin (xerosis), reported in up to 16% of the treated GIST
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patients. The less frequent events of sunitinib-induced
rash can present as inflammatory follicular papules on
the face and/or the trunk, or as a seborrheic dermatitislike eruption similar to those associated with epidermal
[16]
growth factor receptor (EGFR) inhibitors, but milder .
Rough or dry skin can be managed with observation
(without treatment) or with treatment using topical
lotions (GRADE moderate). In imatinib patients with
mild to moderate rash, symptoms can be relieved with
antihistamines and topical lotions. Steroids can be
[4]
applied in patients with an inadequate response (GRADE
moderate). For recurrent grade 3 skin rash, dose inter
ruption or reductions of imatinib should be required,
along with oral steroid treatment, until the symptoms
subside (GRADE high). The imatinib reinstitution should
be initiated at low dosage. In those rare patients who
experience severe skin reactions (e.g., Stevens-Johnson
syndrome), the imatinib administration should be inter
rupted (GRADE high). These patients can be treated
with prednisone (starting at 1 mg/kg and tapering up to
20 mg/d, as needed), and the imatinib can be gradually
reintroduced in the absence of alternative treatment
[4]
options (GRADE moderate).
It is worth noting that after reinstitution of an inter
rupted TKI drug, the patient may again develop a rash.
A few patients will have drug hypersensitivity syndrome,
exfoliative dermatitis, and bullous epidermolysis, possibly
to a life-threatening extent, and need extra-medical
attention.

disc edema and optic nerve dysfunction, recurrent optic
[24-26]
neuritis, cystoid macular edema, and retinal edema
.
Most of the reported cases of periorbital edema and
epiphora improve with topical steroids and systemic
[27]
diuretics
(GRADE moderate). Surgical procedures, in
the form of debulking excessive skin, fat, and edema,
are required occasionally to resolve blurring eyesight
[28]
resulting from periorbital swelling
(GRADE low). For
conjunctival hemorrhage, most cases spontaneously
[29]
recover or improve with topical steroids (GRADE mode
rate). Disc edema and optic nerve dysfunction regress
[23]
after cessation of the medication (GRADE moderate).
Macular edema and retinal edema subside with cessation
of the medication, and optic neuritis improves with sys
[24]
temic steroids (GRADE moderate).

Hypertension

Hypertension affects 11% or more of sunitinib-trea
ted GIST patients (approximately 3% representing
grades 3-4), whereas it occurs rarely during imatinib
[11,30,31]
treatment
. Meanwhile, the incidence of sunitinibinduced hypertension in the Chinese GIST population is
high, up to 28.8%; however, more severe cases, grades
[32]
3-4, remain low, at 3.4% . Several mechanisms of
sunitinib-induced hypertension have been identified, and
these include activation of the endothelin axis, suppres
sion of renin, decreased glomerular filtration rate, and
[33-36]
increased sodium and water retention by the kidney
.
Baseline blood pressure should be recorded before
sunitinib therapy. The blood pressure monitoring is re
commended to occur on a daily schedule during the
sunitinib treatment, especially in the early period of
treatment or for patients with a history of hypertension.
In any case, hypertension management should involve
antihypertensive agents, with a goal of achieving either
normal blood pressure or grade 1 blood pressure (<
130/80 mmHg). Use of vasodilatory antihypertensive
agents such as angiotensin-converting enzyme inhibitors
(ACEIs, and including captopril, enalapril, benazepril, and
gilazapril) as well as angiotensin Ⅱ receptor antagonists
(ARAs, and including losartan potassium, valsartan,
irbesartan, and telmisartan) are suggested for control
of vascular endothelial growth factor receptor (VEGFR)
inhibitor-associated hypertension of grade 2 or higher.
Since some calcium channel blockers, such as diltiazem,
verapamil, nitrendipine, and nifedipine, will increase suni
tinib blood concentration (by inhibiting CYP450 3A4) or
cause PR interval prolongation, they are not suggested
for controlling high blood pressure caused by sunitinib or
[37,38]
regorafenib
(GRADE high).
Generally, management of hypertension does not
need dose reduction or interruption of sunitinib. In
cases of severe hypertension (systolic blood pressure >
200 mmHg or diastolic blood pressure > 110 mmHg),
sunitinib therapy should be temporarily ceased until the
hypertension is under control (GRADE moderate).

Ophthalmological complications

Periorbital edema is the most common ocular side effect
associated with imatinib, reported in up to 70% of trea
[2]
ted GIST patients . Dermal dendrocytes found in the
periocular soft tissue express the tyrosine kinases c-kit
and PDGFR. Through the inhibition of PDGFR, imatinib
may decrease the interstitial pressure and increase
[17,18]
transcapillary transport, causing edema
.
Epiphora occurs in nearly 20% of imatinib-treated
GIST patients, representing the second most common
[19]
ocular side effect of this drug . Postulated mechanisms
for epiphora include conjunctival chemosis resulting in
ocular surface irritation and the overproduction of tears,
lacrimal pump dysfunction due to periorbital edema,
blockage of the puncta by conjunctival chalasis, and
[20]
secretion of the medication in the tear film . Hemor
rhage in the conjunctiva reportedly affects up to 11%
of imatinib-treated GIST patients and occurs in the
absence of marrow suppression or in those with systemic
[21,22]
bleeding tendency
. Genetic polymorphisms of
EGFR, SLC22A1, SLC22A5, and ABCB1 may influence
the imatinib-induced periorbital edema and conjunctival
[22]
hemorrhage .
Sight-threatening complications affecting the optic
nerve, macula, and retina are uncommon but do occur
with imatinib. Imatinib has been shown to compromise
the survival of retinal ganglion cells in vitro, via the
[23]
inhibition of the PDGFR signaling pathway . Other rare
ophthalmological complications of imatinib include optic
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sunitinib or regorafenib treatment, but has seldom been
reported in GIST patients undergoing imatinib therapy.
HFS rates for the first two drugs are 13.5%-25% for
sunitinib and 56% for regorafenib at 4 wk into the TKI
[10,11,39-41]
treatment administration
, and it is one of the
most frequent reasons for dose reduction of these TKIs.
The main manifestations of TKI-induced HFS include
bilateral palmar-plantar erythema accompanying
dysesthesia, skin peeling, and pain (which can lead to
dysfunction in daily activities and walking); moreover, a
localized skin hyperkeratosis, especially at plantar site,
[16]
may develop accompanied by callous .
The mechanism underlying TKI-induced HFS is not
clear. HFS occurs in skin sites rich in eccrine glands, such
as the palms and soles, due to a portion of the TKI being
excreted in sweat. Two hypotheses proposed to explain
the hand-foot skin reaction include direct skin toxicity
of TKIs in general, and poor repair of repeated small
traumas in hands and feet due to VEGFR- and PDGFR[5]
inhibiting activity of sunitinib in particular .
Patient education is the first step of HFS manage
ment. Patients need to be able to recognize the clinical
symptoms of HFS before receiving TKI treatment, to
facilitate treatment at the earliest stage possible. Topical
creams, keratolytic creams, or emollients can be useful to
decrease HFS-related keratosis. Sufferers of TKI-induced
HFS should be encouraged to use pressure-absorbing
insoles and comfortable shoes or gloves when performing
various activities. Analgesics may also be necessary to
[42]
control HFS-related pain, until symptoms subside
(GRADE moderate). Administration of recombinant hu
man fibroblast growth factor and/or recombinant human
epidermal growth factor can help the recovery of skin da
mage (GRADE low).
In cases of grade 2 or 3 HFS, the TKI treatment
should be temporarily interrupted. In severe cases of
HFS, the TKI dosage must be reduced permanently.
A study of HFS, sunitinib, and dosage showed an asso
ciation between 50 mg/d (4 wk on, followed by 2 wk off)
and severe AE cases, as compared to the schedule of
[10]
37.5 mg/d continuous therapy (GRADE moderate).

rate generally require no special treatment. However, if
the fatigue reaches grade 3 or higher, active treatments
should be initiated; these include reducing dosage or
suspending administration of the drug, exercise inter
[46]
vention (such as yoga)
(GRADE low), massage, and
[47,48]
acupuncture
(GRADE low). But caution should be
taken for affected patients with bone metastases, throm
bocytopenia, anemia, fever or active infections, etc.
Psychological intervention and nutritional support can
also be applied (GRADE low). Pharmacologic intervention
with modafinil can be used in severe cases of fatigue
(GRADE low), but this management strategy appears to
[49]
be ineffective for mild to moderate cases .

Proteinuria

VEGF signaling pathway inhibitors are currently widely
applied, as targeted therapy, for treating renal cancer,
colorectal cancer, ovarian cancer and other advanced
malignancies. The main role of these chemotherapeutic
agents is to inhibit angiogenesis, and this chemotherapy
approach includes use of monoclonal antibodies (such
as bevacizumab) and small orally active TKIs (such as
axitinib, sunitinib, and sorafenib). Proteinuria is one of the
most frequently observed AEs of VEGF/VEGFR inhibitors.
The reported incidence rate of proteinuria has varied
among different studies, according to differences in cha
racteristics of the study population and tumor type under
VEGF/VEGFR inhibitor treatment. In these cases, grade
1 proteinuria is defined as urinary protein of < 1.0 g in
24 h, grade 2 as urinary protein of 1.0-3.4 g in 24 h,
[50]
and grade 3 as ≥ 3.5 g in 24 h . The highest risk of se
vere proteinuria was reported in patients with renal cell
carcinoma (RCC), and the lowest risk is by patients with
[51]
colorectal cancer .
The exact incidence of proteinuria in patients treated
with small orally active VEGF TKIs is still undetermined.
In trials with sorafenib, 21%-63% of the patients have
presented asymptomatic mild proteinuria. Severe protei
nuria cases have been reported in up to 6.5% of RCC
[52]
patients . VEGF signaling inhibition-induced proteinuria
is typically asymptomatic and depends on dosage and
[53]
time . Incidence of proteinuria is also related to tumor
type, kidney-associated chronic disease, drug-induced
renal toxicity, and patient characteristics.
The mechanism underlying TKI-related proteinuria
is not completely understood. There are few accepted
theories. The first of such involves the role of VEGF in
maintaining the glomerular filtration barrier, providing
cytoprotection to the glomerular capillary endothelial
cells. Inhibition of this protective effect through sunitinibinduced VEGF inhibition may, then, lead to proteinuria.
A second theory involves the role of VEGF in downregulating tight junction proteins on podocytes, thereby
[54]
reducing kidney filtration function . A third theory
is based on VEGF signaling inhibition resulting in sup
pression of nephrin and leading to nephritic syndrome
[5]
and glomerular thrombotic microangiopathy .
No guidelines exist for managing patients with suni

Fatigue

Fatigue is a common AE of all three TKIs used in GIST
patients, but it can be easily ignored since it is often
accompanied by other symptoms. Yet, fatigue has se
[43]
rious impact on quality of life . The incidence of fatigue
is similar among the three TKIs, reportedly 34.7% with
[2]
imatinib (all cases grade 1-2) , 39% with regorafenib
[10]
(2% of cases representing grade 3) , and 34% with
[11]
sunitinib (5% of cases representing grade 3) .
While the mechanisms of TKI-induced fatigue
are not entirely clear, they are apparently complex.
Among the hypothesized mechanisms are 5-hydroxy
tryptamine neurotransmitter disorder, proinflammatory
cytokine accumulation, and neuromuscular function
[44,45]
degradation
.
Cases of TKI-induced fatigue that are mild to mode
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Q-T interval prolongation, decreased left ventricular
ejection fraction (LVEF), congestive heart failure, acute
coronary syndrome, and myocardial infarction. Imatinibrelated cardiac toxicity is rare. The incidence of heart
failure in imatinib-treated GIST patients reported in the
literature ranges from 0.5% to 1.7%, and cases are
usually represented by the elderly (over 65 years old)
[60,61]
with cardiac risk factors
. The mechanism underlying
imatinib-induced cardiotoxicity may involve myocardial
[62]
toxicity caused by c-Abl inhibition . The rate of cardiac
toxicity in sunitinib-treated GIST patients is higher than
that of imatinib treatment, and the incidence of heart
[63-65]
failure is reported to be 2.7%-15%
, which needs
to be paid more attention. The possible mechanisms of
this sunitinib-induced cardiotoxicity include abnormality
of mitochondrial energy metabolism induced by 5’ ade
nosine monophosphate-activated protein kinase (AMPK)
[66]
inhibition in cardiac myocytes , and decreased myo
cardial adaption to afterload stress caused by inhibition
of the PDGFR signaling pathway in cardiac myocytes.
For regorafenib therapy, there is limited data on cardiac
AEs. Although, in the GRID phase Ⅲ trial, there was
one (0.8%) case of cardiac AE, it was grade 5 (cardiac
[10]
arrest) .
Cardiac function evaluation should be considered
when patients present signs of dyspnea and fatigue
during the TKI therapy period. Patients with a history
of coronary disease should undergo echocardiographic
baseline LVEF measurement prior to sunitinib treatment
and should be closely monitored for blood pressure and
LVEF during the entire course of treatment. Hypertension
should be treated with therapy including an ACE inhibitor
(GRADE high). Patients with symptoms of chronic heart
failure should be treated with ACE inhibitors and diuretics
(GRADE high). In patients with a definitive diagnosis of
heart failure, the sunitinib administration should be inter
rupted (GRADE high). Each patient needs to be assessed
individually when the cardiac function has stabilized, with
consideration given to available alternative treatments
and the trade-off between the cardiac- and GIST-related
risks. Reinstitution of sunitinib should start at a reduced
dose (GRADE moderate).
For those patients with LVEF reduction to less than
50% during sunitinib treatment and without clinical symp
toms of heart failure, the options include: (1) interruption
of sunitinib treatment for several weeks; (2) sunitinib
dose reduction; and (3) initiation of cardiac medication
[5]
accompanied by close monitoring of cardiac function
(GRADE moderate).

tinib-specific proteinuria. Prior to beginning sunitinib
therapy, all patients should undergo complete medical
history-taking, physical examination, urinalysis, and
urine sediment analysis. Currently, the majority of
clinical researchers recommend ACEI or ARA therapy,
which may reduce mild proteinuria (GRADE moderate).
Antihypertensive drugs should be taken if the AE is
[55,56]
accompanied by hypertension
(GRADE moderate).
The Kidney Disease Outcomes Quality Initiative re
commends ACEIs or ARAs as first-line therapy for VEGF[57]
associated proteinuria
(GRADE moderate). Discon
tinuation of sunitinib is recommended for patients with
urinary protein levels > 3 g in a 24-h period (GRADE
high). The sunitinib treatment can be restarted when
[52]
the urinary protein level falls below that threshold
(GRADE high). The tumor and patient conditions should
also be considered, as well as results of risk-benefit trend
evaluation. Finally, it is crucial to obtain the informed
consent of patients for this management.

Stomatitis

Targeted therapy-related stomatitis is characterized by
pain, edema, erythema, ulcers, burning sensation when
ingesting sour and spicy foods, and even anatomical
dysfunction, such as difficulty in speech or dysphagia
and loss of taste. Since the pathogenesis of stomatitis
is associated with blockade of the VEGFR signaling path
way, this AE is rare during imatinib treatment but is
common during sunitinib or regorafenib treatment. The
reported incidence rates of stomatitis associated with
sunitinib vary widely in the literature, ranging from 5%
[58,59]
to 40.4%
. In the GRID phase Ⅲ trial (evaluating
regorafenib in metastatic GISTs), however, stomatitis
occurred in 38% of the treatment group, with only 2%
[10]
developing grade 3 or above .
TKI-induced stomatitis is usually grade 1 or 2, and
sometimes presents without definitive evidence or signs.
The onset usually occurs within the first 1.9 mo of treat
[59]
ment .
Most of the cases do not need a dose modification or
TKI withdrawal. Since stomatitis may lead to a decline
in treatment compliance and the development of sepsis,
it is necessary to pay attention to and help strengthen
the patient’s oral care by improving their oral hygiene,
avoiding irritant food intake, and using mouth rinses (such
as sodium bicarbonate); topical or systemic analgesics
may be administered if necessary (e.g., viscous lidocaine,
[5]
benzocaine, or benzydamine) (GRADE moderate).
If oral fungal infection is suspected, nystatin is recom
mended (rinse 4 times a day for 10 d). If grade 3 or
4 stomatitis occurs, the frequency of rinse application
should be increased to 8-12 or more times per day
(GRADE moderate). If there is no improvement after 1
wk, the TKI should be temporarily discontinued until the
stomatitis attenuates to grade 1, then the drug could be
resumed at the same dose (GRADE moderate).

Hypothyroidism

The incidence of hypothyroidism caused by sunitinib
is higher. Clinical or subclinical hypothyroidism repor
tedly occurs in 53%-85% of GIST patients taking suni
[67-69]
tinib
.
The mechanism of sunitinib-induced hypothyroidism
is not yet clear. Although studies have shown that during
123
the sunitinib treatment, the thyroid uptake rate of I is
reduced. Most of such AE cases return to normal uptake

Cardiotoxicity

TKI-related cardiac toxicity may present as asymptomatic
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[5,8]

rate after treatment completion, suggesting that the
possible mechanism of this hypothyroidism involves an
[70]
obstacle in the thyroid gland’s ability to uptake iodine .
Some researchers have theorized that destruction of
the thyroid gland by sunitinib is the main pathogenic me
[71]
chanism of the related hypothyroidism . In addition,
sunitinib has been shown to inhibit thyroid peroxidase
[72]
activity and to reduce thyroid hormone synthesis ,
which may support development of hyperthyroidism. It
has also been suggested that the antiangiogenic effect of
sunitinib may cause the observed decrease in the density
[73]
of thyroid capillaries , leading to a toxic effect on the
thyroid gland. In vitro experiments have also provided
insights into the potential pathogenic mechanisms,
and sunitinib was found to inhibit the transfection rear
rangement/papillary adenocarcinoma kinase (RET/PTC)
[74]
of the cell proliferation signaling pathway , which plays
an important role in maintaining normal thyroid physio
[75]
logical function and can induce hypothyroidism.
Thyroid dysfunction caused by sunitinib is more
frequent in the early stage of treatment and most ca
ses present transient thyrotoxicosis, manifesting as
fatigue exacerbation and palpitation. However, as the
treatment cycle is extended, the risk of hypothyroidism
increases, and patients present with such symptoms
as chills, drowsiness, and even myxedema coma. The
mean duration of sunitinib-induced hypothyroidism is 50
wk. Sometimes, the clinical manifestations alone may
not be sufficient to diagnose hypothyroidism in time
and accurately. Thus, it is necessary to monitor thyroid
function regularly in GIST patients undergoing sunitinib
[76-78]
treatment. A number of studies
have found that
the median progression-free survival in patients with
sunitinib-induced hypothyroidism is longer than in those
who retained normal thyroid function. Therefore, some
[79,80]
scholars
have suggested thyroid function as an
indicator of the efficacy of sunitinib in the treatment of
GIST.
For GIST patients who are to receive sunitinib the
rapy, thyroid function should be assessed before the treat
ment initiation. For those with a past history of thyroid
disease, the level of thyroid-stimulating hormone (TSH)
[42,81,82]
should be monitored during the treatment course
;
yet, the optimal TSH monitoring frequency and time have
not been determined. Sunitinib-induced thyroid toxicity
is usually not accompanied by clinical symptoms and is
self-limiting (GRADE moderate). It is usually unnecessary
to modify the dose or interrupt the administration of suni
tinib (GRADE moderate). If severe symptoms of thyro
toxicosis develop or the patient presents with thyroid
crisis, sunitinib should be discontinued and intervention
measures should be taken (GRADE high). Patients with
severe hypothyroidism can be treated with thyroid hor
mone replacement therapy, and the most commonly
used alternative drug is sodium levothyroxine (GRADE
high).

treatment . Abnormal liver transaminase levels have
been observed in about 5.4% of GIST patients receiving
[2]
imatinib (2.7% representing grades 3 and 4) , and each
case of imatinib-induced acute severe hepatotoxicity
needs to be addressed seriously as it could cause hepatic
[83,84]
failure or even death
. Liver function, as evidenced by
measures of alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and bilirubin, should be assessed
before treatment initiation and should be monitored perio
dically during the treatment period.
GIST patients with elevated AST/ALT levels should
be monitored closely. Mild elevations can be monitored
without administration of specific therapies or dose reduc
tion. For patients with persistent grade 2 toxicity [AST/
ALT at 2.5- to 5-fold upper limit of normal (ULN) value],
a complete work-up to determine the cause of abnormal
liver function is necessary (GRADE moderate). In pa
tients with ongoing grade 2 toxicity, detailed evaluation
[4]
is needed to determine dose reduction or interruption
(GRADE moderate). The current management of grade 3
or higher elevations in transaminases (AST/ALT at > 5-fold
ULN) is to interrupt the TKI treatment (GRADE high).
When the liver functions return to grade 1 or less (AST/
ALT at < 2.5-fold ULN or bilirubin at < 1.5-fold ULN), the
TKI administration can be reinstituted, but at a reduced
dose (GRADE moderate). Specifically, the daily dose of
imatinib should be reduced from 400 mg to 300 mg. The
incidence of severe hepatotoxicity in sunitinib-treated
patients is less than that in the imatinib-treated, and for
sunitinib the dose can be decreased by 12.5 mg daily
[42]
from the original dose when reinstituting the treatment
(GRADE low).
Hepatitis B is one of the most important public health
issues in China, with almost 7.2% of China’s population
[85,86]
being chronically infected
. Considering the high
prevalence of chronic hepatitis B in China, oncologists
are likely to face patients who suffer from both GISTs
and hepatitis B virus (HBV) infection. HBV reactivation
is a well-recognized risk in patients with chronic HBV
infection during chemotherapy and immunosuppressant
[87-90]
therapy
. HBV reactivation can be severe and po
tentially fatal. There have been some reports of HBV
[91-97]
reactivation in patients receiving imatinib
. HBV scree
[98,99]
ning tests should be performed before receiving TKIs
(GRADE low). Prophylactic antiviral treatment should be
[98-100]
offered to HBsAg-positive patients during treatment
(GRADE low). In addition, HBV virus load of anti-HBcpositive, HBsAg-negative patients could be monitored to
[99]
assess the eventual reactivation of the occult disease
(GRADE low).
Nephrotoxicity has been observed rarely in GIST pa
tients treated with TKIs. However, its monitoring should
still be applied vigilantly during long-term treatment
with TKIs, which may cause decline in kidney function.
Cases of TKI-related acute kidney injury, chronic kidney
disease, proteinuria, and nephrotic syndrome have been
[101]
reported
. The monitoring of renal function should
begin at treatment initiation and continue on a periodic
schedule throughout the treatment course. When im

Hepatotoxicity and nephrotoxicity

Liver transaminase elevations are observed with TKI
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a TKI-treated GIST patient presents with symptoms
of interstitial lung disease (with possible infection or
other causative factors excluded) and diagnosis of the
disease is made, physicians should immediately dis
continue the TKI treatment and treat patients with time
ly and sufficient corticosteroids, and antibiotics when
[108]
necessary
(GRADE moderate). Although the severity
of TKI-induced interstitial lung disease varies, it usually
[108]
responds well to corticosteroid therapy
(GRADE mo
derate). After the symptoms have been relieved and
imaging examination shows improvement of the disease
condition, the physician should switch the patient to
other drug regimens for treating the GIST. However, if
no other therapies are available and the TKI is still ef
fective, it should be continued under close monitoring.
In such cases, the ratio of risk and benefit should be
assessed carefully and the patients should be followed
[108]
intensively
(GRADE moderate).

paired kidney function is detected, it is necessary to
consult a kidney specialist and evaluate the value of con
tinuing TKI treatment (GRADE low).

Hair disorder

A pooled analysis of AEs experienced by GIST patients
treated with TKIs revealed that the incidence of hair
disorder is about 14%. The hair disorders reported have
included discoloration, trichomegaly, hypertrichosis, alo
pecia, and madarosis. Compared with imatinib-treated
patients, sunitinib-treated patients experience hair dis
coloration during treatment at a much more frequent
[102]
rate (15.2%) . Some researchers have reported that
inhibition of kit pathway may reduce hair pigmentation.
The functions of tyrosinase and tyrosinase-related protein
1, which are related to melanin synthesis, have been
[9]
found to be impaired in TKI-treated patients as well
(GRADE high).
GIST patients receiving TKI treatment should be in
formed of the possibility of developing an uneven hair pig
mentation AE. It is also necessary for patients to know
that hair disorders associated with sunitinib are mostly
mild and generally self-limiting, and that the AE will at
[9,10]
tenuate after cessation of treatment
(GRADE high).

Hematological side effects

Anemia: Anemia is very common in GIST patients, both
at the time of diagnosis and during the course of TKI treat
ment, especially for imatinib and when administered at
high dosage (800 mg/d). A reported 16.7% of imatinib[109]
treated patients present with grade 3-4 anemia , as
[11]
compared to only 6.2% of sunitinib-treated patients .
GIST patients may have iron-deficiency anemia due to
chronic gastrointestinal hemorrhage prior to surgery
or small bowel resection. Meanwhile, gastrectomy and
small bowel resection will cause vitamin B12 or folate defi
ciency, leading to megaloblastic anemia. Theoretically,
TKIs may also inhibit KIT-expressing hematologic stem
cells in the bone marrow.
Serum iron, ferritin, and transferrin levels, total iron
binding capacity, folic acid, vitamin B12, and bilirubin
should be detected in patients with GISTs. For patients
with mild anemia (grade 1: blood hemoglobin ≥ 95 g/L),
TKI interruption or other treatments are not necessary.
For patients with grade 2 or higher anemia (blood he
moglobin level < 94 g/L), treatment regimens vary ac
cording to the anemia cause. For example, oral ferrous
sulfate or intravenous administration of iron is suggested
for patients with iron deficiency anemia, and vitamin B12
and folate are suggested for patients with megaloblastic
anemia (GRADE high).
A high risk of thromboembolic events and high mor
tality rate from erythropoietin and darbepoetin alfa ane
[110,111]
mia therapies was found by meta-analyses
. As
such, these drugs are only indicated when, after careful
evaluation, the advantages outweigh the disadvantages.
Red blood cell transfusion is only indicated for patients
with acute hemorrhage or severe anemia, since its ef
fects are transient and accompanied by transfusionassociated risks, such as transfusion reaction, virus
transmission, and iron overload (GRADE high). The TKI
dose does not need to be adjusted to address an anemia
AE. Acute anemia should be evaluated for presence of
hemorrhage in the gastrointestinal tract or peritoneal

Interstitial lung disease

Interstitial lung disease is a relatively rare AE during
the TKI treatment of patients with GIST. However, once
diagnosed, patients with TKI-induced interstitial lung dis
ease need close medical attention and appropriate treat
ment. The incidence of interstitial lung disease among
TKI-treated GIST patients is still unclear, due to a lack
of research on this topic. According to a Japanese study
of 5000 patients with chronic myeloid leukemia and 500
patients with GISTs receiving imatinib treatment, the
overall incidence of interstitial lung disease was 0.5%
[103]
and that in GIST patients was 0.8% . The collective
literature, albeit limited, suggests that interstitial lung
disease may affect Asians more than other races and
[104]
males more than females . In addition, a history of
interstitial lung disease is a risk factor for development of
[105]
this AE during TKI therapy .
The mechanisms of TKI-induced interstitial lung dis
ease remain debatable. The main hypotheses for such
involve a hypersensitivity reaction, the pharmacological
action of the TKI itself, and induced pulmonary fibrosis
and inflammatory cell infiltration upon inhibition of
[106,107]
. The symptoms are usually unspecific
PDGFR-A
and present a few months into the treatment; these
include fever of unknown origin, cough, dyspnea, hypo
xemia, and hyper-eosinophilia. Chest X-ray, computed
tomography (CT), and high-resolution CT may help to
diagnose the interstitial lung disease. The typical CT
characteristics are ground-glass opacity, irregular lining
or reticular areas of formation with bronchiectasis and
bronchiolectasis.
The success of treating TKI-induced interstitial lung
disease depends on rapid and correct diagnoses. When
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cavity caused by the GIST itself, and emergency surgery
should be considered. Once bleeding is under control,
the initial dose of imatinib, sunitinib, or other TKIs can be
reinstituted.

the types and severities of potential (and developed) AEs.
Such assessments before TKI treatment initiation should
be done with respect to the need for providing timely and
effective treatment, so that the optimal efficacy of TKI
treatment can be achieved and the patient’s quality of life
can be most protected and/or improved.

Neutropenia: Neutropenia is common in patients under
going TKI therapy. The majority of these AEs are of
grades 1-2. The rate of grades 3-4 neutropenia is around
7% with imatinib treatment and 10% with sunitinib
treatment. Regardless of grade, the AE usually appears
during the first 6 wk of treatment and remains stable
[2,11,13]
afterwards
.
For patients with grades 1-2 TKI-induced neutropenia,
the TKI treatment can be continued at the initial dose
and no specific management needs to be considered.
If grades 3-4 neutropenia appear, administration of gra
nulocyte colony-stimulating factor (G-CSF) is indicated
and the TKI treatment should be suspended until the
6
neutrophil count exceeds 1.5 × 10 /L, at which time the
initial daily dose should be reinstituted (GRADE high).
Dose reduction of the TKI may be carried out in patients
who experience repeated episodes of severe neutropenia
(grades 3-4) or febrile neutropenia; for example, the
dose of imatinib could be reduced from 400 mg daily to
300 mg daily or of sunitinib from 50 mg per day to 37.5
mg per day (GRADE high). Studies of G-CSF treatment
in a mouse model of neutropenia indicated that the G-CSF
[112]
may decrease the effect of anti-VEGF therapy . These
bench laboratory experimental results suggest that
clinical administration of G-CSF and other granulocyte
growth factors in combination with anti-VEGF therapies,
such as sunitinib and regorafenib, should be carefully
evaluated (GRADE moderate).
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Abstract
Liver transplantation for critically ill cirrhotic patients
with acute deterioration of liver function associated with
extrahepatic organ failures is controversial. While trans
plantation has been shown to be beneficial on an indivi
dual basis, the potentially poorer post-transplant outcome
of these patients taken as a group can be held as an
argument against allocating livers to them. Although
this issue concerns only a minority of liver transplants,
it calls into question the very heart of the allocation pa
radigms in place. Indeed, most allocation algorithms
have been centered on prioritizing the sickest patients
by using the model for end-stage liver disease score.
This has led to allocating increasing numbers of livers to
increasingly critically ill patients without setting objective
or consensual limits on how sick patients can be when
they receive an organ. Today, finding robust criteria to
deem certain cirrhotic patients too sick to be transplanted
seems urgent in order to ensure the fairness of our organ
allocation protocols. This review starts by fleshing out
the argument that finding such criteria is essential. It
examines five types of difficulties that have hindered the
progress of recent literature on this issue and identifies
various strategies that could be followed to move forward
on this topic, taking into account the recent discussion
on acute on chronic liver failure. We move on to review
the literature along four axes that could guide clinicians in
their decision-making process regarding transplantation of
critically ill cirrhotic patients.
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prognosis is . Other teams, probably focusing primarily
on the interest of individual patients, transplant critically ill
patients with global post-transplant mortality results that
are not acceptable in view of the current organ shortage.
This has raised ethical issues, notably concerning the no
[6]
tions of transplant futility and organ rationing , which
[7]
have been mindfully dissected in a recent review .
Various studies have proved beyond a doubt that criti
[8-10]
cally ill patients benefit from LT on an individual level
.
What remains a subject of debate is the optimal way of
setting a limit to how sick cirrhotic patients can be and
still undergo a LT with an outcome that is acceptable in
the context of organ shortage.

Core tip: Liver transplantation (LT) for critically ill cirrhotic
patients is a controversial topic. While transplantation
benefits these patients individually, the post-transplant
mortality rate of this population taken as a whole is an
argument against transplanting them. This issue is par
ticularly pressing in a time when the paradigm dominating
LT algorithms is based on the model for end-stage liver
disease score, which prioritizes the sickest patients.
Balancing individual benefits against collective utility is
complex, especially given the absence of guidelines.
This review examines the literature that can guide clini
cians who treat critically ill patients and who decide to
transplant them or not.

IN SEARCH OF A CONSENSUS FOR
FUTURE STUDIES

Artzner T, Michard B, Besch C, Levesque E, Faitot F. Liver
transplantation for critically ill cirrhotic patients: Overview
and pragmatic proposals. World J Gastroenterol 2018; 24(46):
5203-5214
URL: https://wjgnet.com/1007-9327/full/v24/i46/5203.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5203

A call to determine an upper limit on how sick patients
can be and still have access to LT has been repeated on
[11-13]
numerous occasions in the past decade
, but rela
tively little progress has been made in the way of achie
ving this goal. We have identified four reasons that help
to explain this standstill.

A polarizing issue

While some pathologies, in particular hepatocellular car
cinoma have clearly identified limits based on tumoral
[14]
staging beyond which LT is not performed , there are
no limits agreed upon for critically ill patients. This situa
tion may be considered unfair and sometimes leads to an
urge to impose equally strict limits on critically ill patients.
However, while there is plenty of evidence available to
set consensual limits for patients with hepatocellular car
cinoma based on post-transplant mortality targets, the
lack of evidence leads teams to set individual, arbitrary
[7,15]
limits for critically ill patients
.
Moving forward on this divisive topic requires trans
plant teams to recognize that it is in patients’ best
interests to open this discussion and try to be as trans
parent and rational as possible concerning the limits
set for transplanting critically ill patients. Indeed, this
should allow these patients to individually benefit from
LT while setting outcome standards as high as those set
for other pathologies and therefore allocate transplants
as justly and transparently as possible between different
pathologies.

INTRODUCTION
The model for end-stage liver disease (MELD) score,
which has proven to be a good predictor of transplant[1]
free mortality for patients with cirrhosis , has been
widely used to prioritize liver transplantation (LT) can
didates around the world since 2002, when it was first
introduced by the United Network For Organ Sharing
(UNOS) in the United States. This simple, celebrated
score is the cornerstone of the allocation paradigm that
prevails today. This paradigm is based on the ideas that
patients with the highest MELD scores have the highest
3-mo waitlist mortality rate and that they receive the
greatest benefit from LT. It helps to ensure that the
sickest patients are transplanted first and prevents “dele
[2]
terious” LT in patients with low MELD scores .
This strategy has led to allocating transplants to in
[3]
creasingly severe patients and some authors have
argued that such a practice leads to poorer post-trans
[4]
plant results . To this day, and apart from the specific
context of hepatocellular carcinoma, there is no robust or
consensual limit beyond which patients can be declared
to be “too sick to be transplanted”.
The absence of evidence-based guidelines and con
sensus concerning the allocation of organs to critically ill
cirrhotic patients with organ failure, defined recently by
the term of acute on chronic liver failure (ACLF) is, in this
respect, particularly glaring. Some teams believe that
critically ill patients with ACLF should not have access
to LT when they suffer from multiple-organ failure and
therefore sometimes do not even admit them to their
intensive care unit (ICU) given how somber their global
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The problem of comparing heterogeneous cohorts

The literature devoted to the question of LT in critically ill
patients has focused on various subgroups of patients,
[13]
[16]
in particular: high MELD patients , ICU patients , and
[15]
intubated patients . The introduction of the European
Association for the Study of the Liver (EASL)-ACLF classifi
cation in 2013 finally allows for the grouping of patients
according to a common classification and identifies va
rious groups of increasing severities. This will enable stu
dies to use single criteria to focus on the patients who are
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Table 1 Main retrospective studies on critically ill cirrhotic patients and liver transplant
Study
period

n

Defined
exclusion
criteria for LT

General
severity
at LT

MELD
at LT

Prognostic factors
of
post-transplant
mortality

Posttransplant
survival

Umgelter et al[12]

2007-2009

13

Subjective

SOFA19

38

46% at 1 yr

Karvelllas et al[16]

2000-2009

198

No

SOFA 14

34

Duan et al[27]
2004-2012
Finkenstedt et al[9] 2002-2010

100
33

No
Subjective

32
28

Petrowsky et al[13] 2002-2010

133

No

SOFA 9
RRT 30%
MV 9%
RRT 90%

Increasing MELD during first 48 h
and longer ICU stay
Not SOFA
Recipient age > 60 yr
LDLT = DDLT
No
MELD
Age adjusted-Charslon index
Cardiac risk
Septic shock
Glasgow Coma Score < 7 before
intubation

64% at 3 yr

Author

> 40

MV 66%
Knaak et al[15]

2000-2013

122

FiO2 > 40%

Levesque et al

2008-2013

78% at 1 yr
87% at 1 yr

SOFA 15

32

No

SOFA 16

37

No

43% at 1 yr

No

RRT 43%
MV 36%
SOFA 16

38

No

70% at 5 yr

38

No

84% at 1 yr

SOFA 16

42

5 or 6 OF

40

Norepinephrine > 0.1 µg/kg per min
[19]

62% at 3 yr

Moon et al[45]

30
(ACLF3)
1998-2010
190

Artru et al[10]

2008-2014

73
(ACLF3)

Michard et al[44]

2007-2015

55

No active GI bleeding
Norepinephrine < 3 mg/h
PaO2/FiO2 < 150 mmHg
No

Thuluvath et al[43]

2002-2016

677

No

76% at 3 yr

Lactate > 5 mmol/L
60% at 1 yr
ARDS with PaO2/FiO2 < 200 mmHg
Age, intubation
81% at 1 yr

LT: Liver transplant; SOFA: Sequential organ failure assessment; ICU: Intensive care unit; RRT: Renal replacement therapy; MV: Mechanical ventilation;
ARDS: Acute respiratory distress syndrome; DDLT/LDLT: Deceased/living donor liver transplantation; GI: Gastro intestinal; MELD: Model for end-stage
liver disease; OF: Organ failure according to CLIF-SOFA.

most critically ill (ACLF 3) in future studies.

conclusions can be drawn from these observations. First,
team-specific practices probably lead to selecting patients
for LT that are quite different (despite being all classified
as ACLF 3), which helps explaining the gap in posttransplant outcome. Second, both studies lack statistical
power to identify mortality risk factors. This is due both to
the size of their cohorts and to the fact that the cohorts
[10]
lack significant numbers of mortality events or survival
[19]
events .
In practice, we need to pool different cohorts together,
with enough patients and significant mortality and sur
vival rates in order to be able to identify independent
prognostic factors.
We have selected references (Table 1) and organized
this review along 4 axes (Table 2) on the basis of their
ability to provide insight into potential prognosis factors
that can guide clinicians in the sensitive and taxing pro
cess of deciding whether to list critically ill patients for LT,
and whether to transplant them.

Which post-transplant outcome is relevant?

There is no single or straightforward solution to deter
mining the most meaningful outcome evaluation end
point. On the one hand, it makes sense to analyze posttransplant survival of patients with multiple-organ failure
on a short-term basis to assess individual benefit of LT,
[17]
for example 3 mo . On the other hand, maximizing
organ utility with the interest of the wider community
of waiting list patients in mind probably requires a
[18]
5-year endpoint . In practice, the endpoint of most
studies for critically ill patients and LT is usually one year
(Table 1). This seems a reasonable compromise, given
that mortality beyond this endpoint is less attributable
to immediate pre-transplant clinical characteristics.
Particular attention should be given to the number of
retransplantations in order to assess not only patient sur
vival but also organ utility.

Finding significant risk factors of futile transplantation
requires large cohorts with significant mortality and
survival rates

PRE-TRANSPLANT ORGAN FAILURES:
QUANTITATIVE AND QUALITATIVE
APPROACHES

The literature specifically devoted to the post-transplant
prognosis of critically ill patients with ACLF (ACLF 3 pa
tients) reports drastically different one-year survival
[10]
[19]
results ranging from 84%
to 43% . Interestingly,
these studies do not identify significant risk factors of
mortality within their cohorts of ACLF 3 patients. Two
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Pre-transplant MELD score in critically ill patients does
not predict post-transplant outcome

Since its implementation, there has been much debate
over the MELD’s potential use as a post-transplant
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Table 2 Potential pre-transplant prognosis factors of critically ill cirrhotic patients requiring liver transplantation
Pre-transplant organ failures

None of the existing organ failure scores used in liver transplant (MELD, BAR, SOFT, UCLA) or in ICU (SOFA, CLIF
SOFA) are capable of predicting post-transplant survival of critically ill ACLF patients
Individual organ failures should be precisely examined. Severe acute respiratory distress syndrome, high lactate level
and coma have each been shown to be associated with poor post-transplant outcome
Dynamic perspective on ACLF
Patients with ACLF have very different evolutive profiles during their first week of treatment.
Admission criteria in ICU should therefore be lenient in order to re-evaluate patients 3 to 7 d after admission and their
and optimal timing for LT
evolutive profile should be taken into consideration when deciding to transplant them or not.
Sepsis
The link between pre-transplant bacterial infection and post-transplant mortality is controversial but sepsis does not
seem to be sufficient to exclude patients from LT per se. In some circumstances, sepsis and septic shock can be difficult
to distinguish from SIRS in patients with severe ACLF.
By contrast, there is a consensus regarding invasive fungal infections, which constitutes a strict contraindication to LT.
General medical condition and
There is little data on the effect of age, comorbidities and alcohol abuse history on the post-transplant prognosis of
risk factors of patients
patients with severe ACLF, in part because different transplant teams apply center-specific selection criteria on patients
prior to listing.
The attitude described in the literature on LT in alcoholic hepatitis is, to date, the best guide to decide as early as possible
whether to (de) list patients admitted for severe ACLF or not.
LT: Liver transplantation; MELD: Model for end-stage liver disease; BAR: Balance of risk; SOFT: Survival outcome following liver transplantation; UCLA:
University of California, Los Angeles; ICU: Intensive care unit; SOFA: Sequential organ failure assessment; ACLF: Acute-on-chronic liver failure; SIRS:
Systemic inflammatory response syndrome.

between the patients with good or poor post-transplant
prognosis. Multiple variations of the MELD score have
been tested in other studies with disappointing results for
[23-26]
critically ill patients
.
In summary, the MELD score is a reliable tool for
predicting short-term mortality of patients without LT and
holds a key role in prioritizing the access of the sickest
patients to LT. By contrast, it is not reliable to predict
post-transplant outcome, especially in the context of
patients whose severe clinical state draws them to the
ICU. For those patients, post-transplant prognosis may
be significantly altered by an array of organ failures
(neurologic, circulatory, pulmonary) that are not taken
into account by the MELD score.

mortality predictor and, consequently, its potential use
to identify those patients who are too sick to be trans
planted by setting an upper limit beyond which patients
should not have access to LT.
In 2013, Petrowsky’s single center cohort of 169
patients with MELD scores > 40 showed that the MELD
score, along with the Charlson comorbidity index, cardiac
risk and the presence of a septic shock, was significantly
associated with poor post-transplant prognosis. This
relation between the MELD score and post-transplant
survival among patients with high MELD scores has not
been confirmed by other studies. In 2013, a general,
[20]
systematic review of the literature concluded that the
MELD score could not serve as a reliable predictor of
post-transplant survival. Large studies have confirmed
this in the context of patients with high MELD scores.
Looking back at the 34975 LT that have taken place in
the United States since the introduction of the Share 35
[21]
policy in 2013, Kwong et al
found that although this
policy had increased the proportion of recipients with
> 35 MELD scores, the one-year mortality had not in
creased, suggesting that transplanting patients with very
high MELD scores did not increase mortality per se.
Among patients hospitalized in the ICU, the effect
of higher MELD scores on post-transplant mortality has
been questioned repeatedly. A small German study
[12]
from 2011
found that, among the 13 patients who
received LT from their ICU (all of whom were intubated
and received norepinephrine), there was, surprisingly, an
inverse relation between the probability of post-transplant
mortality at 90 d and the severity of the MELD score. In
a much larger study compiling all the results from the
[22]
UNOS database from 2002 to 2013, Bitterman et al
found that a higher MELD score was associated with
higher post-transplant mortality only among patients who
were transplanted from their home. For the subgroup of
patients who received LT from the ICU (4095 patients
in their cohort), the MELD score could not discriminate
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Pre-transplant SOFA, SOFT and BAR scores do not
predict post-transplant outcomes for ACLF patients

Other pre-transplant scores have not proved to be use
ful in predicting post-transplant outcome of critically ill
patients with ACLF. First and foremost, the sequential
organ failure assessment (SOFA) score, widely used in
the ICU and from which the CLIF scores are derived, is
[15,16,25,27]
not associated with post-transplant mortality
.
[17]
In 2008, Rana et al
introduced the survival out
comes following LT (SOFT) score, which includes 18 risk
factors. In a follow-up study, Rana found that this score
was useful for high-risk patients (labMELD > 40 and/or
patients hospitalized in the ICU pre-transplant) with a C
[28]
statistic at 0.67 and 0.65) . This finding was not con
[23]
firmed in a cohort of patients with a labMELD > 30 or
in the multicenter study of patients with ACLF by Artru et
[10]
al in 2017.
[29]
The balance of risk (BAR) score
was introduced
in 2011 and includes 6 predictive factors. Some reports
[26,30]
have validated this score
while others have denied
[31,32]
its discriminative power
. In the specific context of
candidates with ACLF, this score has not proved to be
[10]
useful .
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Does being hospitalized in the ICU before
transplantation matter?

opposite results, with a one-year survival rate of 83.6%
for ACLF 3 patients, which was not significantly different
from the survival rates of ACLF 1 and 2 patients and
[10]
even from patients without ACLF . Our own study,
also published in 2017, with 55 ACLF patients in the ICU
prior to transplantation, reports an “intermediate” one[44]
year survival rate of 60% . A South Korean study,
focusing exclusively living donors but using the EASLACLF definition did not find significantly different posttransplant patient survival between the various ACLF
[45]
grades . Finally, a large UNOS retrospective study
found an 81% one-year survival rate for patients with 5-6
[43]
organ failures .
An overall picture emerges from these studies. First,
the grade of ACLF can reliably be used to assess the
transplant-free prognosis of patients. Second, patients
with ACLF 3 individually benefit from LT. Third, the grade
of ACLF cannot be used to gain insight into the posttransplant outcome of the highest-acuity patients. This
observation leads to two pragmatic points concerning
future research on LT for ACLF 3 patients. First, the exact
number of organ failures should be considered when
reporting outcomes of patients transplanted with ACLF 3
(i.e. whether patients have 3, 4, 5 or 6 organ failures).
Second, the nature of the organ failure should be in
vestigated to determine which organ failures are most
[46,47]
relevant in determining post-transplant outcome
.

The literature devoted to analyzing the impact of the
hospitalization status of patients on their post-transplant
outcome is ambiguous. Three large studies from the
[17,33]
UNOS database
and one study in the United King
[34]
dom and Ireland found a markedly increased mortality
rate for transplant recipients who were in the ICU prior
to LT. On the other hand, a study devoted specifically
to this issue did not identify hospitalization in the ICU
[15]
as a significant mortality risk factor . Moreover, the
ACLF 3 patients from the Artru study, all of whom were
hospitalized in the ICU, did not have a significantly dif
ferent outcome from the patients with lower ACLF grades
who were, for the most part, not hospitalized in the
[10]
ICU .
At the heart of this question lies the inescapable fact
that admission criteria in the ICU are subjective and
center-dependent. Consequently, it does not seem sound
that such criteria, in and of itself, should constitute a
substantive argument against transplantation for ACLF
patients and even less an argument against admitting
critically ill ACLF patients in the ICU.

Pros and cons of the ACLF classification

There are two leading definitions of ACLF: one created
by the Asia-Pacific Association for the Study of the Liver
[35]
[36,37]
(APASL) , the other by the EASL
. Both definitions
distinguish ACLF from acute liver failure and from decom
[38]
pensated cirrhosis . Using the APASL-ACLF definition,
[39-41]
three Chinese studies
have shown that ACLF pa
tients could have post-transplant survival rates similar
to those of non-ACLF patients. But these studies have
a number of distinctive features that are not directly
translatable to either the European or the American
context: the majority of the patients were transplanted
for hepatitis B-induced cirrhosis (rather than alcohol or
hepatitis C virus) and they include a large proportion of
living donors.
The discriminative power of the EASL-ACLF classifi
cation is debated in terms of post-transplant survival. This
entity, based on the assessment of 6 organ functions,
distinguishes only 3 grades (from one organ failure to 3
or more organ failures). Each grade is associated with
increasing transplant-free short-term mortality rate,
ranging from 14.6% (for ACLF 1) to 78.6% (for ACLF
[36]
3) at 28 d . The individual benefit of LT for patients
with ACLF 3 has been demonstrated in the CANONIC
[42]
[10,43]
cohort
and confirmed subsequently
. What re
mains under debate is the extent to which the severity
of ACLF patients affects their post-transplant outcome.
In fact, whether ACLF patients (all grades considered)
suffer from significantly worse post-transplant outcomes
than non-ACLF patients is in itself controversial. In
2017, a single-center study showed that ACLF was
associated with a significantly higher post-transplant
[19]
mortality than that shown in non-ACLF patients . The
30 patients with ACLF 3 who were transplanted in that
cohort had a remarkably low one-year survival rate of
43.3%. The same year, a multi-center study reported
WJG|https://www.wjgnet.com

Considering organ failures individually

Some isolated studies have shown that acute kidney
[48]
injury
has an effect on post-transplant mortality but
this has not been investigated in the specific context of
ACLF. Pre-transplant encephalopathy has been proved
[49]
to lead to poorer post-transplant outcomes in general
[15]
and in the particular context of critically ill patients . Our
[44]
own work
has shown that pre-transplant moderate
or severe acute respiratory distress syndrome (with
PaO2/FiO2 < 200 mmHg) and elevated lactate levels (> 5
mmol/L) were significantly associated with higher posttransplant mortality in ACLF patients. This qualitative
approach, based on precise individual organ dysfunctions,
could be promising in identifying robust and reproducible
exclusion criteria for LT.
The nature of each organ failure should be defined
precisely. For example, intubation is considered, in and of
[43]
itself, as a pejorative prognostic factor . However, one
should distinguish between intubation for neurological
failure and for respiratory failure, which has been shown
to be an independent prognostic factor in critically ill
[15]
patients (Knaak et al ).

A DYNAMIC PERSPECTIVE ON ACLF:
WHAT IS THE OPTIMAL TIMING FOR LT
IN CRITICALLY ILL PATIENTS?
[42]

Gustot’s 2015 analysis
of the CANONIC cohort has
shown that ACLF is a dynamic process and that some
patients’ conditions can improve without transplantation.
In particular, 40% of the patients who were initially
5207
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diagnosed with ACLF 2 or 3 improved in the course of
their hospital stay to ACLF 0 or 1. He also showed that
the transplant-free prognosis of patients was determined
more by their evolution and by their ACLF grade between
day 3 and day 7 than by their initial ACLF grade. These
important observations have been confirmed in other
[50]
cohorts . Only 9 patients with ACLF 3 were transplanted
in Gustot’s study, which does not allow him to draw con
clusions concerning the optimal management of critically
ill ACLF patients with regard to transplantation.
A number of pragmatic points can nevertheless
be drawn from this important study. First, there is a
growing consensus that more patients with ACLF whose
condition was considered desperate should be admitted
[38]
to the ICU for initial organ support and monitoring .
Second, an expedited pre-transplant assessment [com
puted tomography (CT) scan to eliminate a tumor, car
diovascular screening, psychiatric history] should be
completed within the first 2 or 3 d after admission in
order to decide whether or not to place (or maintain)
the patient on the transplant waiting list. Third, patients’
conditions should be carefully monitored and a complete
assessment of their condition should be done between
day 3 and day 7, in order to gain a better picture of their
prognosis.
Gustot’s insight concerning the dynamic nature of
ACLF also raises an important question: how does the
patients’ evolution before LT affect their post-transplant
prognosis? Artru reports a remarkably high one-year
survival rate for his multicenter cohort of patients with
ACLF 3 (83.6%) and underlines that there was an im
provement in the number of organ failures in the patients
[10]
who were transplanted from the ICU in his study .
Different strategies can be followed in terms of trans
plantation timing. One attitude consists in limiting access
to LT for patients whose clinical condition is improving
while they are in the ICU, or even to transplant them
after they have left the ICU. This guarantees better posttransplant results but relies on a selectivity that could
sacrifice a substantial number of patients with relatively
[51]
good post-transplant outcome expectancy . Another
attitude consists in transplanting patients more rapidly
if their clinical state is deteriorating. This attitude could
nevertheless lead to potentially worse post-transplant
[12]
outcome .
Once again, there is not enough data to answer this
thorny question. Future studies will have to consider
both the clinical state of patients (in particular their
ACLF grade) not only on admission and on the day of
transplant, but also between day 3 and day 7. Such
studies will have to try to differentiate patients according
to the short-term evolution of their condition in the ICU in
order to determine the impact of their clinical trajectory
on post-transplant outcome.

tions , this seems problematic for several reasons,
which are detailed below.

Sepsis and septic shock are often difficult to identify in
ACLF critically ill patients

ACLF is characterized by the presence of systemic inflam
mation which is proportional to the severity of the syn
[53]
[36,54]
drome . Sepsis is one of the triggers of ACLF
, but
[53]
only in an estimated 30% of cases . While the majority
of ACLF triggers are not infectious, it is possible that there
exists a continuum between gut bacterial translocation
[55]
and severe infection .
Determining whether the inflammation associated
with ACLF is related to sepsis or not is not straight
forward. Fever, for example, is often masked by renal
replacement therapy due to extra corporal circulation.
Biological markers such as CRP or high blood count are
[53]
not specific of sepsis in ACLF and encephalopathy can
be a sign of both liver failure and severe sepsis.
The diagnosis of septic shock is even more proble
matic in the case of ACLF, given the major systemic
vasoplegia that patients with decompensated cirrhosis
[56,57]
can have
. In the absence of unambiguous signs of
infection (bacteremia, clinical or radiological abscess), it
therefore seems particularly delicate to distinguish noninfectious systemic inflammatory response syndrome
(SIRS) from septic shock.
Our point is not to deny the evident existence of
sepsis or septic shock in patients with ACLF but to high
light the difficulty of diagnosing the presence of sepsis in
patients with ACLF.

There is not enough evidence to exclude septic patients
from LT systematically

Two studies on critically ill patients have found a link
between septic shock and poor post-transplant prognosis.
[13]
Petrowsky’s study on patients with MELD scores > 40
finds that septic shock is significantly associated with
post-transplant mortality. But he does not detail the
diagnosis criteria or the types of infections (germs/sites),
pointing out the subjective character of this diagnosis.
In the cohort published in 2017, Levesque describes
in detail the criteria used to establish the diagnosis of
infection and shows that it is an independent risk factor
of post-transplant mortality in a general cohort, which
[19]
includes patients with and without ACLF .
Other studies have not found a link between pretransplant bacterial infection and post-transplant mor
[58,59]
tality in the general population of LT patients
. In
critically ill patients, one case-control study did not find
a significant link between pre-transplant infection and
[60]
post-transplant mortality
and our own work, which
includes 13 ACLF patients with bacteriamia in the 15 d
prior to transplant, did not find a significantly worse one[44]
year post-transplant outcome . In both cases, this
could be due to insufficient statistical power. Finally, a
much larger, multicenter study of critically ill patients in
the ICU has found no link between the SOFA score and
post-transplant mortality in spite of this score’s robust
mortality predictive power for patients with sepsis in the

SEPSIS
Uncontrolled sepsis is put forward as a contraindication
of LT in a large number of studies focusing on critically
[7,10,12,13,15]
ill patients
. Apart from invasive fungal infec
WJG|https://www.wjgnet.com
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[16]

[13]

ICU .
We can hope that future studies will describe in more
detail the criteria used to establish a diagnosis of infection
and that they will attempt to provide a finer analysis of
the link between infection and outcome. In particular,
it would be interesting to distinguish the differential
effects of various pathogens and infectious sites on posttransplant outcome. For example, it is generally accepted
that uncontrolled sepsis due to diffuse biliary disease is
not an absolute contraindication for LT, and that hepa
[7]
tectomy can in fact help resolve sepsis .

40 . This finding has nevertheless not been validated in
other studies of critically ill patients. Other cardiovascular
markers, such as pre-transplant cardiac troponin levels,
which has been shown to be correlated to post-transplant
[67]
outcome , could potentially be useful in evaluating the
cardiovascular risk of critically ill patients.

Pre-transplant evaluation, alcohol abstinence and
psychiatric evaluation

One of the striking characteristics of ACLF is that, in half
of the cases, the diagnosis of ACLF is either inaugural or
made within three months of the patients’ underlying
[53]
liver disease . This naturally implies that, in a large
number of cases, pre-transplant evaluation has not been
completed when patients are hospitalized with ACLF. In
addition, patients with ACLF who have not presented a
previous acute decompensation tend to be younger and
active alcohol drinkers, and have more severe grades of
[36,53]
ACLF
.
Some studies report the positive effects of close
pre-transplant social and psychological evaluation and
[68,69]
care on post-transplant outcome
, and it seems
reasonable to assume that prolonged alcohol abstinence
is a prerequisite for LT. Nevertheless, the question of
allocating livers to a set of carefully selected patients who
are still actively drinking is open. Indeed, 3 studies have
proved the relevance of LT for patients whose alcoholic
[70-72]
hepatitis does not respond to medical therapy
. These
studies nonetheless underline the difficulty of finding
[73]
reliable criteria that can predict future abstinence .
There is no evidence published in the literature so
far concerning the question of abstinence or the effect
of pre-transplant social and psychiatric evaluation on
post-transplant outcome. In particular, it is not clear
whether, in the case of critically ill patients, a prolonged
and thorough evaluation (one that would have been
conducted before the chronic decompensation) is an
absolute prerequisite for LT or if a minimal medical, social
and psychiatric screening conducted within the ICU for
critically ill patients with no previous decompensation
or regular medical check-ups could potentially suffice to
put patients on a transplant waiting list. The complexity
of this medical and ethical puzzle defies simple answers
and straightforward protocols. We can only recommend
[72]
following Mathurin et al ’s approach: evaluate critically
ill patients in multi-disciplinary meetings and through
discussions with the patients’ relatives and assess the
history and degree of addiction, the duration of absti
nence and the potential relapses in order to estimate
subjectively the risk of future relapse.

GENERAL MEDICAL CONDITION AND
RISK FACTORS OF PATIENTS
While a significant number of articles have been pub
lished concerning the effect of patients’ overall general
medical condition and various risk factors on their
post-transplant outcome, the literature devoted to this
question in the context of critically ill patients is relatively
scarce. Apart from obvious contraindications (high car
diac risk, extrahepatic tumors and age > 70), there is
no consensus and very little evidence concerning the
way the general medical condition and risk factors of
patients should guide clinicians when deciding whether
to transplant them or not. One of the limits to collecting
evidence on this topic seems to lie in the fact that trans
plant teams select critically ill patients who may be eli
gible to transplant according to varying criteria. These
inter-center differences certainly contribute to explaining
the scarcity of the literature on this question, which never
theless seems central.

Age and comorbidities

The median age of patients undergoing LT has risen in
the past decades, along with the comorbidities that come
with older age. Recipient age has been proved to be
associated with poorer post-transplant prognosis both in
[61]
the general population of recipients , and in the sub[16]
population of critically ill recipients . It has recently
been proved to be associated with higher post-transplant
[43]
mortality .
The composite Charlson comorbidity index has been
shown (with some modifications) to be a useful prog
[62]
nostic tool in a general cohort of 624 patients and only
[13]
once in a cohort of critically ill patients .
A study based on the UNOS registry has shown that
-2
a body mass index (BMI) > 50 kg•m is significantly
[63]
associated with higher post-transplant mortality . At
the other end of the BMI spectrum, cachexia is also
[64]
associated with poorer outcomes
and so is frailty,
[65]
as defined by Lai et al
in her composite index pub
lished in 2017. These findings probably hold true for
critically ill patients, for whom the evaluation of frailty is
unfortunately more difficult to undertake (especially the
grip test).
Pre-transplant cardiovascular risk is a post-transplant
[66]
mortality risk factor in the general population
and in
one cohort of critically ill patients with MELD scores >
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PRACTICAL PROPOSALES AND FUTURE
PERSPECTIVES
Inherent limitations

Transplant centers apply different criteria to decide
whether or not to list critically ill patients for LT. This
center-dependent preselection implies that it is impossible
to retrospectively extract post-transplant mortality risk
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To transplant
or
Not to transplant

To (de)list
or
Not to (de)list
D1

1

Selection process according to
the four decision-making circles (Artru 2017)

D7

2

OPTIMAL ICU CARE

Receiver’s criteria:
• non active gastro-intestinal bleeding
• norepinephrine < 3 mg/h
• PaO2/FiO2 > 150 mmHg
• Lactate < 5 mmol/L

1

Psycho-social context
1
History of alcohol abuse
CT scan
Cardiax risk
Comorbidities
Invasive fungal infection

Eligible

Evaluation of organ
failure
and evolution in ICU

Improvement
2
AND favorable criteria

Worsening AND/OR
unfavorable criteria

Not eligible

?
Grey zone
Worsening

Palliative care

Urgent LT

Improvement
Maintenance of active treatment
unless clinical degradation

These criteria are derived from two
retrospective studies (Artru 2017 n =
73 and Michard 2017 n = 55) with oneyear survival rates of 83% and 78%
respectively.
These criteria are put forward as proposals
to guide clinicians but are potentially
biased by many factors (Positive expiratory
pressure, optimal fluid therapy…) and by
small sampling sizes.

Figure 1 Algorithm proposal for liver transplantation critically ill cirrhotic patients. CT: Computed tomography; ICU: Intensive care unit; LT: Liver transplantation.

factors with a perfectly rigorous methodology.

put forward leaves large gray areas, in particular con
cerning the role of renal failure, neurologic failure or sarco
penia that have all proved to have an impact on posttransplant outcome.
A specific group poses particular ethical and medical
problems: patients who do not have initial contrain
dication to LT but whose clinical condition deteriorates
at day 7 after admission and/or who are in critical hemo
dynamic or respiratory condition. There is not enough evi
dence in the literature to definitely exclude these patients
from LT. Another group of patients raises important:
patients with ACLF 2 or 3 whose clinical condition
improves to ACLF 1 or 2 without LT. These patients
could require some form of prioritization insofar as an
episode of ACLF substantially increases medium-term
[38]
mortality .

Practical proposals and remaining uncertainties

We propose an algorithm (Figure 1) that takes into ac
count the evidence that has been described above in a
two-step process, which distinguishes the question “to
list or not to list” and “to transplant or not to transplant”
[75]
. We have combined the criteria that have been shown
to predict post-transplant mortality for critically ill ACLF
patients in our own work (lactate level > 5 mmol/L and
[44]
PaO2/FiO2 < 200 mmHg)
and those used by Artru et
[10]
al to select the ACLF 3 patients that were not eligible
for LT in his recent multicentric study: patients with active
gastrointestinal bleeding, or doses of norepinephrine >
3 mg/h (patients with PaO2/FiO2 < 150 mmHg were also
excluded). Given the excellent one-year survival of these
cohorts (78% for ACLF patients without these criteria in
our cohort and 84% in Artru’s cohort), we believe that
these criteria should be given particular weight in the
decision to transplant critically ill patients with cirrhosis.
These four criteria obviously have limitations. They
were derived from retrospective studies and have not
been validated in other cohorts. In addition, they are
potentially altered by many factors (PaO2/FiO2 can vary
rapidly and depends on levels of positive expiratory pres
sure; doses of norepinephrine depend on fluid therapy
and blood pressure targets). These criteria are therefore
put forward in the absence of better evidence in the
literature so far. In addition, the question of whether
these criteria should be used to exclude patients from
transplantation or to include them is not fully answered
yet. Finally, many uncertainties remain and the algorithm
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What type of criteria are we looking for?

There are three possible ways of conceiving a score for
critically ill ACLF patients. First, a specific score in order to
[51]
prioritize patients with ACLF . Such a score would take
into account extra hepatic organ failures but might lead
to prioritizing patients with poorer, if not unacceptably
low, post-transplant survival. Second, a general score
that could be applied to all patients, including ACLF
patients. This would probably be quite complex to imple
ment in a single score and might lack discrimination for
the small number of patients with severe ACLF. Third,
a set of criteria that could be used to set an upper limit
beyond which LT could reasonably be contraindicated.
This solution, probably the most simple and pragmatic
one, would be modeled on the score used for LT in
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hepatocellular carcinoma. It would not replace the MELD
but would complement it.
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Abstract
Hepatocellular carcinomas (HCCs) frequently recur des
pite initial successful surgical resection or local ablation
therapy. Diagnostic methods for small HCCs have im
proved with the introduction of gadoxetic acid-enhanced
liver magnetic resonance imaging and diffusion-weighted
imaging (DWI). Currently, sub-centimeter recurrent no
dules showing typical hallmark imaging findings of HCC
are frequently detected in patients with a treatment
history for HCC. With five typical magnetic resonance
findings, including arterial enhancement, washout on
portal or transitional phase, high signal intensity on both
T2-weighted image and DWI, and low signal intensity
on hepatobiliary phase, sub-centimeter recurrent HCC
can be diagnosed with high accuracy. Although more
information is needed to determine the treatment of
choice, local ablation therapy under fusion imaging and/or
contrast-enhanced ultrasound guidance or cone-beam
computed tomography-guided chemoembolization seem
to be promising as they are effective and safe for the
management of sub-centimeter recurrent HCCs.
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Core tip: Sub-centimeter recurrent nodules can be diag
nosed as hepatocellular carcinomas (HCC) in patients with
a history of HCC using five typical magnetic resonance
findings, including arterial enhancement, washout on
portal or transitional phase, high signal intensity on both
T2-weighted image and diffusion-weighted imaging, and
low signal intensity on hepatobiliary phase. Local ablation
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CT/MR images and/or contrast-enhanced US (CEUS)
improves tumor visibility and technical feasibility of RF
[22-27]
ablation for HCC
.

therapy under fusion imaging and/or contrast-enhanced
ultrasound guidance or cone-beam computed tomographyguided chemoembolization seems to be promising as they
are effective and safe. Further comparative studies are
warranted to determine the best treatment options.

DIAGNOSIS OF SUB-CENTIMETER
RECURRENT HCC

Lee MW, Lim HK. Management of sub-centimeter recurrent
hepatocellular carcinoma after curative treatment: Current status
and future. World J Gastroenterol 2018; 24(46): 5215-5222
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5215.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5215

Unlike other malignant tumors, HCC can be diagnosed by
non-invasive imaging criteria of intense contrast uptake
during the arterial phase followed by contrast washout
during the venous phases in contrast-enhanced CT or
[10,28,29]
MRI
. In terms of tumor size, however, Western
guidelines, such as the AASLD and EASL guidelines,
recommend US follow up at 3-4 mo intervals for subcentimeter nodules instead of instantaneous diagnosis
of HCC. This policy is based on the beliefs that confident
diagnosis of sub-centimeter HCC is almost impossible
with current imaging techniques. Even if a definitive
diagnosis of HCC for such small nodules is possible, over
[28]
diagnosis may cause more harm than good . Mean
while, according to the Liver Imaging Reporting and
Data System (LI-RADS) classiﬁcation, which endorses
a conservative approach, even though a deﬁnitive diag
nosis of HCC cannot be established, “probable” HCC
can be given for sub-centimeter nodules with typical
imaging hallmarks of HCC. Interestingly, the LI-RADS
system also integrates imaging features not related to
tumor enhancement patterns, such as presence of a
[30]
tumor capsule or threshold tumor growth over time .
Furthermore, Eastern guidelines, such as the AsianPacific Association for the Study of the Liver, the Korean
Liver Cancer Study Group-National Cancer Center, and
the Japan Society of Hepatology, allow imaging diagnosis
[13,14,31]
of sub-centimeter HCC
.
The diagnostic algorithm in most imaging-based
guidelines for HCC in treatment-naïve patients begins
with nodule detection performed by US during HCC sur
[10,29,31]
veillance
. On the other hand, diagnosis of recur
rent HCC in patients with a treatment history of HCC
has yet to be clearly established. Given that recurrent
HCCs are common due to either metastasis from original
tumor or de novo carcinogenesis, early diagnosis of
recurrent HCC and application of appropriate rescue
therapy are crucial for improved survival outcomes. For
this reason, CT or MRI is frequently used for follow up
after treatment. However, according to a recent meta[32]
analysis , diagnosis of sub-centimeter HCC using either
CT or MRI may be challenging, and per-lesion sensitivity
was significantly lower for sub-centimeter HCCs than
that for HCCs 1 cm or larger. Currently, gadoxetic acid
is commonly used as a contrast agent for liver MRI and
has shown significantly higher per-lesion sensitivity
[32]
than MRI performed using other contrast agents . This
improved diagnostic performance is primarily attributed
to hepatobiliary phase images in which most HCCs are
[33]
seen as nodules with hypo-intensity .
Recent studies using gadoxetic acid-enhanced MRI
suggest that sub-centimeter recurrent HCC can be

INTRODUCTION
Hepatocellular carcinoma (HCC) is characterized by fre
quent recurrence despite the initial success of curative
treatments, such as surgical resection and local ablation
therapy, with recurrence rates 5 years after treatment
[1-4]
ranging from 73% to 100% . For patients with a
treatment history of HCC, instead of ultrasound (US),
computed tomography (CT) or magnetic resonance
[5]
imaging (MRI) is typically used for follow-up . Recent
advances in CT and MRI technology have facilitated ear
lier detection of recurrent HCCs, and currently, small
hepatic lesions, even sub-centimeter nodules, are more
frequently detected than before by using gadoxetic acid[6,7]
enhanced MRI and diffusion-weighted imaging (DWI) .
As tumor size is one of the important predictive factors
[8]
affecting treatment outcomes of recurrent HCC , early
diagnosis is crucial for favorable prognosis in patients
with recurrent HCC.
Noninvasive diagnostic criteria for sub-centimeter
HCC have yet to be established. According to the guide
lines of the American Association for the Study of Liver
Disease (AASLD) and the European Association for the
Study of the Liver-European Organization for Research
and Treatment of Cancer (EASL-EORTC), imaging diag
nosis for HCC is applicable only for nodules larger than 1
[9-11]
cm in patients with risk factors for HCC
. In contrast,
guidelines from other associations allow noninvasive
diagnosis of sub-centimeter HCC based on typical im
aging hallmarks in patients with chronic liver disease or
[11-16]
cirrhosis
, even allowing the treatment of such sub[17,18]
centimeter nodules in patients with a history of HCC
.
Percutaneous radiofrequency (RF) ablation has been
widely accepted as a valuable first-line treatment option
[9,19]
for HCCs 3 cm or smaller
. The outcome of RF ablation
for sub-centimeter HCCs is expected to be excellent, as
tumor size is a major determinant of local tumor control
[19]
with RF ablation . Meanwhile, if RF ablation for subcentimeter HCCs is to be performed successfully, tumors
need to be identifiable by using guiding modalities,
such as CT or US. However, small HCCs are sometimes
challenging to detect using unenhanced CT or conven
[20,21]
tional B-mode US
. In terms of US guidance, fusion
imaging of conventional B-mode US with pre-acquired
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Figure 1 45-year-old man with a history of left hemihepatectomy for hepatocellular carcinoma. A 6-mm recurrent hepatocellular carcinoma (HCC) in segment
5 of the liver is seen on magnetic resonance imaging. The nodule (arrow) shows arterial enhancement (A), washout on transitional phase (B), high signal intensity
on both T2- and diffusion-weighted images (C and D), and low signal intensity on hepatobiliary phase (E). On planning ultrasound (US) with fusion imaging (F), the
nodule was invisible using real-time US image (left figure) at the corresponding site of the fused magnetic resonance image (right figure). When contrast-enhanced
ultrasound (CEUS) using Sonazoid (GE Healthcare, Oslo, Norway) was added to fusion imaging, there was a nodule (arrow) with arterial enhancement (G) and low
echogenicity in the post-vascular phase (H). Under CEUS-added fusion imaging guidance (I), the radiofrequency (RF) electrode was accurately placed through the
tumor (arrow). At follow up computed tomography obtained immediately after RF ablation (J), the index tumor was completely ablated with sufficient ablative margin
(arrowhead).

diagnosed based on five typical MR findings, including
arterial enhancement, washout on portal or transitional
phase, high signal intensity on both T2-weighted image
and DWI, and low signal intensity on hepatobiliary phase
[17,18]
(Figure 1)
. In a previous study, the progression rate
of sub-centimeter nodules fulfilling the aforementioned
five MR findings for overt HCC larger than 1 cm within
12 mo was as high as 89.9% (33/36) in patients with a
[17]
treatment history of HCC . Interestingly, the initial size
of the sub-centimeter nodules was an important predictor
for progression to overt HCC, with an optimal cut-off
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value of 5.5 mm. Similar results were found in a recent
study in which 95.8% (23/24) of sub-centimeter nodules
with the aforementioned five MR findings increased in
size larger than 1 cm at follow up CT or MRI, eventually
fulfilling the Western diagnostic criteria for HCC. In
addition, all three sub-centimeter nodules that were
managed with surgical resection or liver transplantation
were pathologically confirmed to be HCCs. These findings
suggest that there is very little false positivity for HCC
when sub-centimeter nodules show the typical five MR
findings of HCC in patients with a treatment history for
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Figure 2 78-year-old man with a history of radiofrequency ablation for hepatocellular carcinoma. A 6-mm enhancing nodule in segment 6 of the liver is seen
on magnetic resonance imaging (MRI). Although the nodular lesion (arrow) shows arterial enhancement (A), it did not show washout on transitional phase (B). The
lesion shows high signal intensity on both T2- and diffusion-weighted images (C and D), and low signal intensity on hepatobiliary phase (E). As the lesion did not show
typical imaging features of hepatocellular carcinoma (HCC), the patient was followed with MRI. At follow up MRI obtained 3 mo later, the lesion disappeared (now
shown here), suggesting the lesion was not HCC.

HCC. In other words, sub-centimeter recurrent nodules
in the liver after treatment for HCC can be accurately
diagnosed as recurrent tumors when the lesions exhibit
typical hallmark imaging features of HCC on gadoxetic
acid-enhanced liver MRI. This implies that sub-centimeter
recurrent HCCs can be treated as soon as they are
[34]
detected .
[35]
In a recent study , 81.3% (13/16) of sub-centi
meter nodules meeting the typical five MR findings
in patients without a history of HCC were eventually
confirmed as HCC. This result suggests that sub-centi
meter nodules exhibiting all five diagnostic hallmarks
of HCCs on MRI are highly likely to progress to HCC in
high-risk patients without a treatment history for HCC.
However, great caution is required when applying MRIbased diagnosis of sub-centimeter HCCs to retain high
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speciﬁcity and to avoid overtreatment (Figure 2). Since
there are currently no universally accepted imaging cri
teria for the diagnosis of sub-centimeter HCC, the diag
nostic criteria using gadoxetic acid-enhanced MRI may
warrant further validation, especially in patients without
a treatment history of HCC. Nevertheless, it is our under
standing that sub-centimeter recurrent HCCs can be
accurately classified as HCCs based on five typical MR
[17,18]
findings in patients with a treatment history of HCC
.

MANAGEMENT OF SUB-CENTIMETER
RECURRENT HCC
There is controversy regarding the optimal management
of sub-centimeter nodules showing typical imaging
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Figure 3 61-year-old man with a history of transarterial chemoembolization for hepatocellular carcinoma. A 6-mm recurrent hepatocellular carcinoma in
segment 8 of the liver is seen by magnetic resonance imaging (MRI). The tiny nodule (arrow) shows arterial enhancement (A) and high signal intensity on diffusionweighted image (B). Unfortunately, there was no mention of the lesion in the radiologic report, and the tumor was unintentionally diagnosed late. At follow up MRI
obtained 6 mo later, the lesion (arrow) had increased in size and measured up to 22 mm on arterial phase (C) and diffusion-weighted image (D). Given that the lesion
had irregular margins and showed rapid growth, the tumor might have aggressive tumor biology.
[29]

patterns consistent with HCC . According to updated
[29]
EASL practice guidelines , the panel recommends local
multidisciplinary board discussion for the management
of patients with sub-centimeter lesions showing typical
imaging features of HCCs. Given that the incidence of
microscopic vascular invasion or satellite nodules would
be rare for sub-centimeter HCC, a wait-and-see policy
may be chosen until the tumor grows larger than 1 cm
if the patient has no treatment history of HCC. However,
it is noteworthy that the cost of intense imaging follows
up and patient anxiety cannot be ignored when the waitand-see strategy is adopted.
In contrast to treating naïve patients, a wait-and-see
policy may not always lead to favorable clinical outcomes
in patients with a treatment history of HCC if the recur
rent tumor exhibits aggressive tumor biology (Figure 3).
Rapid tumor progression with portal vein invasion can
[17]
occur in patients with sub-centimeter recurrent HCC .
As with every tumor, it is preferable to treat recurrent
HCC as soon as possible if early treatment can offer bet
ter therapeutic outcomes.
Until now, there have been no solid data assessing
whether immediate treatment or a wait-and-see strategy
should be followed to achieve better outcomes in patients
with sub-centimeter recurrent HCC. According to a re
[36]
cent study , recurrence-free survival in patients with
sub-centimeter HCC did not vary between immediate
treatment and wait-and-see groups. However, the pre
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vious study is limited by its retrospective study design
and small sample size. Of note, treatment outcomes
of the immediate treatment group may be affected by
lead time bias, meaning that if survival is counted from
the date of diagnosis, moving the date of HCC diagnosis
earlier artificially inflates patient survival, despite the treat
ment being ineffective. Therefore, optimal treatment time
of sub-centimeter recurrent HCCs warrants prospective
evaluation in a well-designed study to determine whether
immediate treatment produces better therapeutic out
comes compared to a wait-and-see approach.
If sub-centimeter recurrent HCCs are going to be man
aged immediately after detection, treatment should be
both effective and safe. Until now, treatment algorithms
for recurrent sub-centimeter HCC have not been docu
mented in most guidelines on HCC management, as
studies dealing with therapeutic efficacy and safety are
rare. Applying surgical resection to such small recurrent
tumors may be too invasive, especially in patients with a
previous history of surgical resection, portal hypertension
[37]
or poor performance status . In addition, patients with
multifocal HCCs may not benefit from surgical resection
due to the risk of liver failure.
In contrast to surgical resection, percutaneous RF
ablation may play an important role in the management
of sub-centimeter recurrent HCCs, as it is effective and
safe for the management of patients with small HCCs.
However, it is challenging to localize sub-centimeter
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HCCs under B-mode US guidance, one of the most
[38,39]
widely used guiding modalities
. Currently, more
advanced US technologies, such as fusion imaging and
CEUS, which are useful for guiding local ablation the
rapy of small HCCs with poor B-mode US conspicuity,
[24,25,27,40,41]
are available in our clinical practice
. A recent
article addressed the technical feasibility and therapeutic
outcomes of percutaneous fusion imaging-guided RF
[18]
ablation for sub-centimeter recurrent HCC . The feasi
bility of percutaneous RF ablation for sub-centimeter
HCCs was 65.7% (138/210). Among 125 patients who
were treated with RF ablation, both technical success
and technique efficacy rates were as high as 98.4%
(123/125). The rates of major complication and local
tumor progression were 2.5% (3/119) and 7.3% (9/123),
respectively. These results indicate that percutaneous
fusion imaging-guided RF ablation is safe and effective
for sub-centimeter recurrent HCCs.
However, fusion imaging with or without CEUS is not
always satisfactory to localize sub-centimeter HCCs. Ac
[18]
cording to a previous study , percutaneous RF ablation
was not feasible in 34.3% (72/210) of sub-centimeter
recurrent HCCs primarily due to poor lesion conspicuity.
Although RF electrodes may be positioned based on
anatomic landmarks, such as hepatic vascular structures,
technical feasibility of fusion imaging-guided RF ablation
[24]
is a predictive factor for local tumor progression .
Along with US, CT is also widely used for guidance of RF
ablation. However, unenhanced CT guidance is of little
[20]
value in accurately localizing sub-centimeter HCCs .
MRI may be used as an alternative guiding modality for
sub-centimeter HCCs as it has several advantages, such
as near real-time guiding capability using fluoroscopic
imaging, higher sensitivity in depicting small hepatic
lesions, free selection of imaging planes, monitoring
tissue temperature, and absence of ionizing radiation
[42,43]
[44]
hazard
. Moreover, according to a recent study ,
planning, applicator placement and therapy monitoring
are feasible even without contrast enhancement. For
these reasons, MR guidance seems to be promising for
the treatment of sub-centimeter HCCs. Feasibility and
therapeutic outcomes of MR-guided local ablation therapy
of sub-centimeter recurrent HCCs warrant further investi
gation.
[45]
Recently, Hyun et al reported that combined trans
arterial chemoembolization (TACE) and RF ablation is
an effective treatment for HCCs that are not suitable
for US-guided RF ablation. Theoretically, intratumoral
accumulation of radio-opaque iodized oil used in TACE
can make the target tumor visible by either fluoroscopy
or CT images. TACE also increases the echogenicity
and conspicuity of small HCC on US, as microbubbles
generated during emulsion preparation might act as
strong sonic reflectors, such as sonographic contrast
[46]
agents . Therefore, placement of RF electrodes into the
tumor would be possible under US, CT, or fluoroscopy
[45]
guidance. In a previous study , as expected, the tech
nical success rate of combined treatment was as high as
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99% (93/94) in HCCs 3 cm or smaller. However, more
data are needed to assess whether combined treatment
is also effective for sub-centimeter HCCs.
Cone-beam CT-guided TACE can also be used as
an alternative locoregional therapy for sub-centimeter
recurrent HCCs since it provides a high degree of tech
[37]
nical feasibility and is safe . High technical feasibility of
cone-beam CT-guided TACE may be attributed to its high
spatial resolution and capability to select intra-arterial
bolus injection of contrast media during CT angiography.
[37]
Surprisingly, Choi et al
reported that initial follow up
CT images after cone-beam CT-guided TACE showed
complete response in all 57 patients with probable subcentimeter HCCs. In addition, the 1-, 2-, and 3-year
local tumor progression rates were 10.4%, 21.7%,
and 35.7%, respectively. Furthermore, cone-beam CT
hepatic angiography provides higher detectability of
small hypervascular HCCs than does multi-detector CT,
and additional small hypervascular HCCs missed on
CT are frequently detected with cone-beam CT hepatic
[37,47]
angiography
. The high technical feasibility and de
tectability of obscured lesions using cone-beam CT are
major advantages over percutaneous US-guided RF ab
lation, in which technical feasibility is affected by tumor
location and lesion conspicuity on US. Further studies are
warranted to evaluate the therapeutic efficacy of conebeam CT-guided TACE compared with other treatment
options, such as RF ablation.
Stereotactic body radiation therapy (SBRT) may
also be used as an alternative locoregional therapy for
[48]
patients with small HCCs. Lewandowski et al recently
reported that this method provides response rates,
tumor control, and survival outcomes comparable to
curative-intent treatments for selected patients with
early-stage HCC who have preserved liver function.
Until now, however, there have been insufficient clinical
data regarding treatment outcomes after SBRT for subcentimeter HCCs in the literature.

CONCLUSION
Sub-centimeter recurrent tumors that develop after
successful curative treatment of HCC can now be accu
rately diagnosed based on typical hallmark findings
using gadoxetic acid-enhanced liver MRI. Local ablation
therapy using fusion imaging and/or CEUS guidance is
effective and safe for the management of sub-centimeter
recurrent HCC. However, local ablation therapy is not
always feasible due to tumor location and lesion conspi
cuity on US. Cone-beam CT-guided TACE may also play
an important role for the treatment of sub-centimeter
recurrent HCC due to its high technical feasibility and
safety profile. Although there are insufficient data, other
treatment modalities, such as SBRT, may be applicable
for the management of patients with sub-centimeter
recurrent HCCs with curative intent. Further comparative
studies are warranted to determine the best treatment of
choice for recurrent sub-centimeter HCCs and to establish
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treatment algorithms for recurrent sub-centimeter HCC.
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BACKGROUND
The gut microbiota plays a key role in the maintenance
of intestinal homeostasis and the development and acti
vation of the host immune system. It has been shown
that commensal bacterial species can regulate the expres
sion of host genes. 16S rRNA gene sequencing has
shown that the microbiota in inflammatory bowel disease
(IBD) is abnormal and characterized by reduced diversity.
MicroRNAs (miRNAs) have been explored as biomarkers
and therapeutic targets, since they are able to regulate
specific genes associated with Crohn’s disease (CD). In
this work, we aim to investigate the composition of gut
microbiota of active treatment-naïve adult CD patients,
with miRNA profile from gut microbiota.

Core tip: In this study, we have found a shift in microbial
gut community composition that supports dysbiosis in
Crohn’s disease (CD) patients. The greatest interest
of our work is that we have only included new-onset
adult CD patients. We found that active non-treated CD
patients had a low Firmicutes /Bacteroidetes ratio, less
biodiversity in the structure of microbial communities and
a significantly different pattern on gut microbiota distri
bution. Three microRNAs (miRNAs) have been found
induced in affected mucosa vs non-affected mucosa in
CD, indicating that miRNA profile may serve as biomarker
for active disease.
Rojas-Feria M, Romero-García T, Fernández Caballero-Rico JÁ,
Pastor Ramírez H, Avilés-Recio M, Castro-Fernandez M, Chueca
Porcuna N, Romero-Gόmez M, García F, Grande L, Del Campo
JA. Modulation of faecal metagenome in Crohn’s disease: Role
of microRNAs as biomarkers. World J Gastroenterol 2018;
24(46): 5223-5233
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5223.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5223

AIM
To investigate the composition of gut microbiota of active
treatment-naïve adult CD patients, with miRNA profile
from gut microbiota.
METHODS
Patients attending the outpatient clinics at Valme Univer
sity Hospital without relevant co-morbidities were matched
according to age and gender. Faecal samples of newonset CD patients, free of treatment, and healthy controls
were collected. Faecal samples were homogenized, and
DNA was amplified by PCR using primers directed to the
16S bacterial rRNA gene. Pyrosequencing was performed
using GS-Junior platform. For sequence analysis, MGRAST server with the database Ribosomal Project was
used. MiRNA profile and their relative abundance were
analyzed by quantitative PCR.

INTRODUCTION
Up to now, the pathogenesis of inflammatory bowel
disease (IBD) has not been clarified. A plausible theory
is that IBD develops in genetically susceptible individuals
due to the abnormal immune response against luminal
[1]
antigens and microbiota . The targets of this response
are thought to be antigens derived from constituents of
the microbiota.
The gut microbiota plays a key role in the main
tenance of intestinal homeostasis and the development
and activation of the host immune system. The com
position of microbiota community evolves during the
first years of life, increasing the microbial diversity
gradually. During this evolution, the host genetics and
the environmental factors can shape the microbiome
composition.
On the other hand, it has been shown that com
mensal bacterial species can regulate the expression of
host genes. 16S rRNA gene sequencing has shown that
the microbiota in IBD is abnormal and characterized
by reduced diversity. The causality between IBD and
alterations in microbiota remains incompletely understood
but one theory is that altered microbiota composition and
function in IBD result in increased immune stimulation or
enhanced mucosal permeability.
A strong genetic component has been described in
IBD, with the identification of about 200 loci associated
[2]
with the development of the disease . However, this
[3-5]
can only explain a 16%-23% of the heritable of IBD .
Epigenetic factors can mediate interactions between
the environment and the genome and could therefore
play a central role in the pathogenesis of IBD and other

RESULTS
Microbial community was characterized using 16S rRNA
gene sequencing in 29 samples (n = 13 CD patients, and
n = 16 healthy controls). The mean Shannon diversity
was higher in the healthy control population compared
to CD group (5.5 vs 3.7). A reduction in Firmicutes and
an increase in Bacteroidetes were found. Clostridia class
was also significantly reduced in CD. Principal components
analysis showed a grouping pattern, identified in most of
the subjects in both groups, showing a marked difference
between control and CD groups. A functional metabolic
study showed that a lower metabolism of carbohydrates (P
= 0.000) was found in CD group, while the metabolism of
lipids was increased. In CD patients, three miRNAs were
induced in affected mucosa: mir-144 (6.2 ± 1.3 fold),
mir-519 (21.8 ± 3.1) and mir-211 (2.3 ± 0.4).
CONCLUSION
Changes in microbial function in active non-treated CD
subjects and three miRNAs in affected vs non-affected
mucosa have been found. miRNAs profile may serve as a
biomarker.
Key words: Crohn’s disease; Dysbiosis; microRNAs;

Firmicutes ; Bacteroidetes
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diseases . Epigenetic can be defined as heritable chan
ges in gene function not explained by changes in DNA
sequence. One of the main epigenetic mechanisms
includes RNA interference, transmitted by microRNAs
(miRNAs). MiRNAs are noncoding single stranded RNAs
that regulate gene expression at the posttranscriptional
level, influencing numerous biological processes, as cell
proliferation, differentiation and death. A large number of
miRNAs (> 1600) has been described in humans. Each
miRNA can regulate multiple genes and a single gene
[6]
may be targeted by many different miRNA . A challenge
is to identify which of the multiple miRNA that regulate a
gene has an essential role.
In IBD, research focusing on miRNA did not begin
[7]
until 2008. Wu et al carried out the first study in which
they identified miRNA profile in intestinal biopsies from
IBD patients. Since then, and over the last decade,
studies related to miRNA have increased exponentially,
focusing mainly on three aspects: the alteration of
miRNAs in the different IBD profiles, their therapeutic
role and their pathway. Likewise, these studies have
tried to identify miRNA in different tissues: colon,
[8]
blood, and saliva , as a goal to find an effective noninvasive test for disease. MiRNAs have been involved
in the pathogenesis of IBD and have been explored
[9]
as biomarkers and therapeutic targets . It has been
shown that miRNAs regulate specific genes associated
with Crohn’s disease (CD) including nucleotide-binding
oligomerization domain-containing protein 2 (NOD2),
interleukin (IL)-6 and tumor necrosis factor (TNF).
[9]
Cao et al described the role of miRNA on intestinal
epithelial barrier deregulation, and disruption of immune
homeostasis, leading the development and progression
of the disease. Apart from that, miRNAs have been
proposed as biomarkers of IBD, useful in differential diag
nosis of IBD, and as a tool of treatment evaluation and
[10]
prognosis .
Identification of host and microbiota alterations in
individual patients should lead to selective target inter
ventions. In this study, we first analyzed the faecal
microbiota composition in CD patients at the time of diag
nosis. Secondly, we compared miRNA expression in CD
gut samples obtained from endoscopically normal and
affected mucosa, in order to find a marker of active IBD.

10 wk before of recruitment.
A total of 35 gut biopsy samples from the subset
of patients with non-fistulizing non-stenotic phenotype
were taken (17 from affected mucosa and 18 from
healed mucosa), immediately frozen in liquid nitrogen
and submitted for miRNA study. Four patients had ileal, 3
colonic and 3 ileocolonic diseases.

DNA extraction, quantification and pyrosequencing
analysis

Faecal samples were homogenized in a Stomacher-400
mixer. The DNA was extracted from stool using the
QIAamp DNA Mini Kit (QIAGEN, Barcelona, Spain)
as indicated by the manufacturer, with the exception
that the samples were mixed with the lysis buffer and
incubated at a temperature of 95 ℃ instead of 70 ℃ to
ensure the lysis of Gram-positive and negative bacteria.
DNA quantification was carried out by the NanoDrop
ND-1000 spectrophotometer (Thermo Fisher Scientific,
DE, United States). The extracted DNA was amplified
by PCR using primers targeting the targets flanking
the variable regions of 1 to 3 of the bacterial gene 16S
rRNA (V1-3), subsequently gel-purified, and analyzed
using the technology of Roche 454 GS FLX (Branford,
CT, United States), being the final amplicon obtained is a
600 pb sequence belonging to the variable region V1-V3
of the 16S rRNA gene. PCR was performed in a total
volume of 15 μL for each sample, which contains the
forward universal primers 27F and Bif16S-F (10 μmol/L)
in a ratio of 9:1 respectively, and the universal barcode
534R as primer inverse (10 μmol/L), in addition to the
mixture of dNTP (10 mmol/L), FastStart 10 × buffer with
18 mmol/L of MgCl2, FastStartHiFi polymerase (5 U/mL),
and 2 μL of genomic DNA. PCR were performed in a high
fidelity thermocycler (Roche AppliedScience, Penzberg,
Germany). PCR conditions were the following: 95 ℃ for 2
min, 30 cycles of 95 ℃ for 20 s, 56 ℃ for 30 s, and 72 ℃
for 5 min and a final stage at 4 ℃. PCR products were
purified using magnetic beadsAMPure XP (BeckmanCoulter, Brea, CA, United States).
DNA quality and concentration were measured
using the Quant-ITTM PicoGreen® dsDNAAssay Kit
(ThermoFisher, Waltham, MA, United States). Finally, the
amplicons are combined in equimolar ratios to create
a pool of DNA (109 DNA molecules) that was used
for clonal amplification (emPCR) and pyrosequencing
according to the manufacturer’s instructions. At the end
of the massive sequencing process, all the sequences
were annotated according to quality, and the sequences
with poor quality and short fragments were eliminated.
Sequences were selected to estimate the total di
versity of bacteria in the DNA of the samples. For this
purpose, bar codes, primers, chimeras, plasmids, mito
chondrial DNA, any sequence not belonging to 16S RNA
and sequences < 150 bp were eliminated. For the ana
lysis of all the sequences the MG-RAST server (metagenomic analysis server) was used with the database
Ribosomal Project (RDP), which converted the total se

MATERIALS AND METHODS
Patients

Consecutive new-onset adult CD patients, free of treat
ment, that underwent colonoscopy for diagnostic pur
poses, were included in this study. Informed consent
was obtained from all of them. Faecal samples from
13 patients (9 females, 67%; mean age 32.18 + 14.8
years old) and 16 healthy controls, matched by age and
gender, were also collected. Inflammatory behaviour
was present in 77% (10/13) of patients, stenotic in
23% (3/10) and fistulizing in 7.6% (1/13). None of the
patients or the controls received antibiotic treatment the
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quences into relative abundances of microorganisms of
the different taxonomic levels. Processing in MG-RAST
includes demultiplexing, quality filtering, length filtering,
dereplication and deletion of model organism sequences.

miRNA screening

distributed in both groups, principal components ana
lysis (PcoA) was performed (Figure 1B). A grouping
pattern was identified for most of the subjects in both
groups, showing a marked difference between control
samples (blue) and CD samples (green). A PERMANOVA
calculated by FIRST showed statistically significant dif
ferences between groups (P < 0.05).

™

Total RNA was extracted using the mirVana miRNA
Isolation Kit, with phenol (ThermoFisher Scientific, MA,
United States). The commercially available Kit RT2
miRNA PCR Array System (SABiosciences-Qiagen, Hilde,
Germany) was used for the relative quantification of the
88 most expressed miRNAs following the manufacturer’s
instructions. Individual miRNA gene expression was mea
sured by retrotranscription with the miScript Ⅱ RT Kit
(Qiagen, Hilde, Germany), and a quantitative PCR by the
miScript SYBR®Green PCR Kit (Qiagen, Hilde, Germany)
by a Stratagene 3005 MxP thermocycler.

Analysis in bacterial taxonomic groups

Differential distributions in taxonomic categories were
analyzed. Significant differences in Clostridia class
were found in the analysis, being decreased in the CD
group (Figure 2). Significant differences were found in
Entomoplasmataceae (P = 0.001), Bacteriaceae (P =
0.002), Lachnospiraceae (P < 0.0001), Ruminococcaceae
(P < 0.0001) and Rikenellaceae (P = 0.003) (Figure 3).

Relative abundance of the most abundant bacterial
genera

Statistical analysis

The MG-RAST output file was analyzed with the SPSS
Statistics 20.0 software (SPSS Inc), while the STAMP
software version 2.1.3 was used for the metagenomic
analysis and IMG/M. The Shannon index, based on spe
cies richness (number of species present) and species
abundance (number of individuals per species), was
calculated for control samples and samples with CD.
The differences between the two groups were compared
using the Mann-Whitney U test. Statistical analysis was
performed using the GraphPadPrism 7 and SPSS 20.0
software. Differences between means were performed
with significance tests using an analysis of variance
(ANOVA) and post-hoc test with less significance. Non
parametric data were expressed as median (range) and
analyzed using the Mann-Whitney U test. Differences
between proportions were analyzed by chi-square test.
Significance was accepted at P < 0.05.

Significant differences in Ruminococus (P < 0.001),
Roseburia (P = 0.002), Parabacteroides (P = 0.02),
Mesoplasma (P = 0.003), Faecalibacterium (P < 0.001),
Eubacterium (P = 0.003) and Alistipes (P < 0.003) were
observed, showing a decreased distribution in the EC
group (Figure 4).
When relative abundance of each bacterial taxon was
analyzed, all of them were increased in the control group
EC except Clostridium bolteae, only present in CD while
absent in the control group: Ruminococcus albus (P =
0.004), Roseburiainulinivorans (P = 0.016), Mesoplasma
lactucae (P = 0.002), Faecalibacterium prausnitzii (P <
0.0001), Eubacterium ramulus (P = 0.006), Eubacterium
eligens (P = 0.03), Eubacterium coprostanoligenes (P
= 0.002), Dialisterinvisus (P = 0.005), Desulfonauticus
autotrophicus (P = 0.01), Clostridium culture spen
richment clone 7-25 (P < 0.0001), Clostridium bolteae
(P = 0.04) , Clostridia lesgenomosp. BVAB3 (P = 0.02),
Butyrivibrio fibrisolvens (P = 0.04), butyrate producing
bacterium ART55 / 1 (P = 0.006), Bacteroides dorei (P =
0.04), Alistipes putredinis (P = 0.03), Alistipes finegoldii (P
= 0.02).

RESULTS
Ecological analysis

Microbial community was characterized using 16S rRNA
gene sequencing in 29 samples (n = 13 CD participants
and n = 16 healthy controls). The mean Shannon
diversity was found higher in the healthy control popu
lation compared to the CD group (5.5 vs 3.7), indicating
that there is less biodiversity in the structure of microbial
communities in CD. To check this, we decided to measure
the number of species in both groups (357 control group
vs 289 CD group), which showed a decreased number of
species in the CD group.
Dysbiosis was observed in CD due to an increased
population of Bacteroidetes and reductions in Firmicutes.
Firmicutes/Bacteroidetes ratio was 1.71 in controls ver
sus 0.80 in CD. Furthermore, the number of readings
obtained using 16S massive sequencing is shown in
Figure 1A. 77143 readings were obtained in control sam
ples and 69296 reads in CD group.

Functional analysis

A functional metabolic study of the microbiota was per
formed by comparison between both groups. We ob
served significant differences in the following functions:
Biosynthesis and glycan metabolism, carbohydrate meta
bolism, lipid metabolism, catabolism, digestive system,
amino acid metabolism, immune system. In the CD
group, we observed a lower metabolism of carbohydrates
(P = 0.000) while the metabolism of lipids was increased
in this group (P = 0.000). Data is shown on Figure 5.

miRNAs

In order to analyze the miRNA profile in patients with
CD, we performed an array of the 88 most abundant
miRNAs in human inflammatory processes. After RNA ex
traction from biopsies, samples were pooled (control vs
affected mucosa). In this analysis, 4 miRNAs were found
to be significantly induced (fold change > 1.5) in affected

Metagenomic analysis

To assess how the intestinal microbial community was
WJG|https://www.wjgnet.com
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Figure 1 Ecological and metagenomic analysis. A: Number of readings for each sample using the 16S massive sequencing technique in GS Junior. See methods
section for details. B: Principal components analysis. The control samples and Crohn’s disease are observed in well-defined groups. The data was selected with the
Ribosomal Project database using a maximum e-value of 10-5, a minimum identity of 75%, and a minimum length alignment of 15 bp. PC: Principal components; CD:
Crohn’s disease sample.

mucosa vs non-affected: miR-144, miR-211, miR-373-3p
and miR-519.
An individual analysis was performed on 10 additional
samples from patients with CD, as a validation analysis,
where three of them were also found induced (miR-144,
miR-211 and miR-519). Results are shown on Figure 6.
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DISCUSSION
In this study, we have found a shift in microbial gut
community composition that supports dysbiosis in
CD patients. The greatest interest of our work is that
we have only included new-onset adult CD patients.
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Clostridia

1600

P = 1.43e-7

gut microbial communities, while only 13 species were
found in patients with CD. In addition, the proportion of
Clostridium prausnitzii in CD patients was significantly
[21,22]
lower compared to controls
. Clostridium species
have been shown to induce the expansion of Treg cells,
reducing intestinal inflammation. Faecalibacterium ge
nera may protect the host from mucosal inflammation
through several mechanisms, including down-regulation
[23]
[24]
of inflammatory cytokines
or IL-10 stimulation , an
anti-inflammatory cytokine. Faecalibacterium prausnitzii,
a proposed member of the microbiota with anti-inflam
matory properties, is under-represented in IBD, as we
have reported in this study.
Clostridium boltae is only present in the CD group.
Therefore, this organism could be a target in CD patients
as a risk factor for disease development. Despite pro
mising correlations between shifts in microbial com
position and CD, the presence or absence of a single
taxon has not been identified as causal or protective
[25]
against the development of disease . This supports the
view that compositional change (dysbiosis), rather than
a single putative organism, may be responsible for this
disease.
Mucosal-associated microbes are uniquely positioned
to influence the immune system; particularly, the porous
mucus layer in the ileum has been shown to educate
the immune system to develop tolerance towards com
[26]
mensals . In fact, faecal microbial transplant (FMT)
has been proposed as a potential therapeutic option for
individuals with CD based on the hypothesis that changes
[27]
in dysbiosis could lessen intestinal inflammation .
Besides the shifts in microbiota composition, we
have identified significant changes in carbohydrate and
lipid metabolism, the first being reduced and the second
being heightened. Changes in microbial function between
healthy controls and IBD appear more extensive and
more consistent compared with changes in community
[28]
structure . Clostridium cluster XIV (Eubacterium
rectale) and Clostridium cluster Ⅳ (Clostridium leptum
group and Faecalibacterium prausnitzii) have a function
in carbohydrate fermentation and short chain fatty acid
[18]
(SCFA) production, particularly butyrate . SCFA are the
major source of energy for the gut epithelial cells and
possess an anti-inflammatory activity. Butyrate has been
found to decrease TNF production and proinflammatory
cytokine expression in intestinal tissue in patients with
[29]
CD . Taking all this into account, dysbiosis leads to chan
ges in microbiota metabolism, resulting in a permanent
inflammation process for gut cells.
To find a biomarker of active CD, miRNAs expression
in gut mucosa was analyzed. We have identified dif
ferential expression of 3 miRNAs in affected colonic
mucosa from patients with naive CD. These miRNAs
(miR144-3p; miR-211-5p; miR-519d-3p) are induced
in the diseased colonic mucosa compared to the healthy
areas. The miRNAs identified in our study have not
been previously described elsewhere, although multiple
different miRNAs expression profile have already been
identified in inflamed and non-inflamed mucosa in

Number of sequences
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0

Control

Crohn's diseases

Figure 2 Box plot showing a significant difference in the Clostridia class
between control group (blue) and Crohn’ disease (green).

No confounders of drug therapy, surgery or duration
of the disease were present. We described a low pro
portion of Firmicutes population, and a reduction in
Firmicutes/Bacteroidetes ratio in CD, respect to control
samples. In healthy adults, 80% of the identified faecal
microbiota belongs to 3 dominant phyla: Bacteroidetes,
[11,12]
Firmicutes (principally clostridia) and Actinobacteria
.
Firmicutes are considered beneficial and Bacteroidetes
are considered aggressive, being implicated in the
[13]
pathogenesis of IBD . The Firmicutes to Bacteroidetes
ratio has shown to be of significant relevance in gut
microbiota composition, as an expression of the degree
[14]
of dysbiosis . In healthy adults, ratios of 10.9 were
[15]
measured , although ratios between 1 and 5.5 were
considered optimum. In our population, the ratio was 1.71
in controls vs 0.8 in CD.
Our results are in concordance with data from other
[16-18]
authors
, although some of them analysed mucosa
microbiota instead of faecal microbiota. Interestingly,
[19]
in a former study , the reduction in the Firmicutes/
Bacteroidetes ratio was more likely to be observed in
ulcerated mucosa than in non-ulcerated mucosa. Based
on this, it is questionable whether the dysbiosis is not an
effect instead of a cause. However, these findings have
[16]
not been confirmed in later studies .
We have also found less biodiversity and a significantly
different pattern on microbiota distribution in active CD
patients compared to controls. Ruminococus, Roseburia,
Parabacteroides, Mesoplasma, Faecalibacterium,
Eubacterium and Alistipes were significantly decreased in
our CD cohort. Certain bacteria, including Bacteroidetes,
Bifidobacterium, Clostridium clusters XIVa and IVa,
Eubacterium rectale, Faecalibacterium prausnitzii,
lactic acid bacteria, Roseburia intestinalis, and others,
[20]
are closely related to gastrointestinal tract fitness .
Therefore, a decrease of these genera could favour the
development of CD.
We have described significant differences in Clostridia
class in the analysis, being decreased in the CD group.
This finding is in agreement with other researchers that
have identified 43 species of Firmicutes in healthy human
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Figure 5 Functional analysis of the microbiota. Significant differences (P < 0.05) in biosynthesis and glycan metabolism, carbohydrate metabolism, lipid
metabolism, catabolism, digestive system, amino acid metabolism and immune system were found. C: Control sample; CD: Crohn’s disease sample.
[10]

IBD patients. Some studies have demonstrated up[30]
regulation of miRNAs in inflamed mucosa
whereas
others pointed out down-regulation of miRNA in af
[31,32]
. It has been shown that miR-215
fected mucosa
expression in biopsies of CD patients correlates with the
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likelihood of disease progression . Nevertheless, the
miRNA expression profile in colonic tissue has not been
defined yet. Recently, 100 miRNAs have been identified
as significantly deregulated between the inflamed and
[33]
normal mucosa of ascending colon . Differentially
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Figure 6 Three microRNAs were found increased in samples from patients with Crohn’s disease. Individual microRNA levels in 10 patients with Crohn’s
disease are represented. miRNA: MicroRNA.

we found significant over-expression of these miRNAs,
depending on the patient studied we found one of
these increased with respect to the others. Therefore,
we hypothesized that the combined analysis of specific
miRNAs (in our case, miR144-3p; miR-211-5p; miR519d-3p) could be useful to determine disease proba

expressed miRNAs identified from these studies and our
results may be due to differing factors such as sample
size, CD patient characteristics (age, drug history,
with or without surgery, etc.) and subject population
demographics.
It should be noted that although in all our patients
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ratio, less biodiversity in the structure of microbial communities and a significantly
different pattern on gut microbiota distribution. Moreover, microbiota metabolism
was altered in CD patients compared to healthy subjects. This data strongly
suggests that dysbiosis may play a role in the pathogenesis of CD. Three miRNAs
have been found induced in affected mucosa vs non-affected mucosa in CD,
indicating that miRNA profile may serve as a biomarker for active disease.

bility indexes in patients. This idea of miRNA com
bination analysis has already been proposed in other
[9]
recent studies . However, the development of a model
including miRNAs combination is still pending.
Although our patient cohort is small, we have care
fully selected these patients at the time of diagnosis
and all of them had inflammatory phenotype and were
naive for treatments. To validate our findings, we will
analyze circulating miRNAs, as potential non-invasive
biomarkers for diagnosis and disease progression. Some
studies have already pointed out this role after infliximab
[34]
[35]
therapy or exclusive enteral nutrition .
In conclusion, we found that active non-treated CD
patients had a low Firmicutes/Bacteroidetes ratio, less
biodiversity in the structure of microbial communities
and a significantly different pattern on gut microbiota
distribution. Moreover, microbiota metabolism was al
tered in CD compared to healthy subjects. This data
strongly suggests that dysbiosis may play a role in the
pathogenesis of CD. Three miRNAs have been found
induced in affected mucosa vs non-affected mucosa in
CD, indicating that the miRNA profile may serve as a
biomarker for active disease. Nevertheless, additional
studies are needed to identify causative roles for the
microbiota and to establish the role of miRNAs in the
pathogenesis or diagnosis of IBD.

Research perspectives

Additional studies are needed to validate the results obtained and to identify
causative roles for the microbiota. The role of miRNAs in the pathogenesis or
diagnosis of IBD, including CD must be established through deeper analysis
and validation in circulating tissues.
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Abstract
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AIM
To determine whether cell division cycle (Cdc)42 is regu
lated by microRNA (miR)-15a in the development of
pediatric inflammatory bowel disease (IBD).
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METHODS
We cultured 293T cells, used plasmids and performed
dual-luciferase assay to determine whether Cdc42 is
a miR-15a target gene. We cultured Caco-2 cells, and
stimulated them with tumor necrosis factor (TNF)-α.
We then employed lentiviruses to alter the expression
of miR-15a and Cdc42. We performed quantitative
reverse transcription polymerase chain reaction (qRTPCR) and immunofluorescence to determine whether
Cdc42 is regulated by miR-15a in Caco-2 cells. Finally, we
collected ileocecal tissue by endoscopy from patients and
performed qRT-PCR to examine the expression of miR-15a
and Cdc42 in pediatric IBD patients.
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Target Scan and dual-luciferase assay revealed that
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Cdc42 was a miR-15a target gene. MiR-15a expression
increased (P = 0.0038) and Cdc42 expression decreased
(P = 0.0013) in cells stimulated with TNF-α, and the ex
pression of the epithelial junction proteins zona occludens
(ZO)-1 (P < 0.05) and E-cadherin (P < 0.001) decreased.
Cdc42 levels decreased in miR-15a-mimic cells (P < 0.001)
and increased in miR-15a inhibitor cells (P < 0.05). ZO-1
and E-cadherin decreased in miR-15a-mimic cells (P <
0.001) but not in the miR-15a inhibitor + TNF-α cells. In
Lv-Cdc42 + TNF-α cells, ZO-1 and E-cadherin expression
increased compared to the Lv-Cdc42-NC + TNF-α (P <
0.05) or miR-15a-mimic cells (P < 0.05). Fifty-four pe
diatric IBD patients were included in this study, 21 in the
control group, 19 in the Crohn’s disease (CD) active (AC)
group, seven in the CD remission (RE) group, and seven
in the ulcerative colitis (UC) group. MiR-15a increased and
Cdc42 decreased in the CD AC group compared to the
control group (P < 0.05). miR-15a decreased and Cdc42
increased in the CD RE group compared to the CD AC
group (P < 0.05). miR-15a was positively correlated with
the Pediatric Crohn’s disease Activity Index (PCDAI) (P =
0.006), while Cdc42 was negatively correlated with PCDAI
(P = 0.0008). Finally, miR-15a expression negatively cor
related with Cdc42 in pediatric IBD patients (P = 0.0045).

Epidemiological studies have demonstrated a rising
incidence of IBD in Chinese children. In 2001, it was
reported that the incidence of pediatric IBD was 0.5/
million, while in 2011, the incidence increased to 6.1/
[1]
million . Pediatric IBD has severe phenotypes, extensive
intestinal involvement, rapid progression, and has several
side issues, including growth failure, poor bone density,
and delayed puberty. Thus, it is important to investigate
the pathogenesis of pediatric IBD.
The etiology of IBD remains unknown, and multiple
factors may be involved in its development, including
infection, the immune system, genetics, and the envi
[2,3]
ronment . High expression of tumor necrosis factor
(TNF)-α has been found in most pediatric IBD patients.
TNF-α plays an important role in microRNA expression.
MicroRNAs are families of small (approximately 20
nucleotides long), noncoding RNAs. They play a defini
tive regulatory role in innate and adaptive immune pro
[4,5]
cesses . microRNA expression has been shown to be
altered in adult patients suffering from CD and UC. Wu
[6]
et al reported that the levels of 11 microRNAs were
altered in UC patient colons and that microRNA (miR)-192
negatively regulated TNF-α in IBD patients. Iborra et
[7]
al showed that the levels of several microRNAs were
[8]
increased in CD and UC patients. Takagi et al reported
that miR-21 and miR-15 were upregulated in UC pa
tients. However, most studies have been conducted in
adults, and there are only a limited number of studies
examining microRNAs in children with IBD. Béres et
[9]
al showed that the level of miR-155 was increased in
pediatric IBD patients and that its levels increased after
TNF-α stimulation in vitro.
Cell division cycle (Cdc)42 is a small GTPase of the
Rho family that acts as a molecular switch by cycling be
tween an active GTP-bound form and an inactive GDPbound form. It controls various cellular functions, inclu
[10,11]
ding adhesion, migration, transcription and growth
.
It has a special role in hematopoietic stem cell regu
[12,13]
lation
and is critical for intestinal stem cell division,
[14]
survival and differentiation in mice . It has recently
been reported that Cdc42 is critical for intestinal epithelial
stem cell differentiation and formation of a functional
[15,16]
intestinal barrier
.
The epithelial barrier plays a critical role in maintaining
intestinal homeostasis and is formed by multiple inter
cellular junctions, including the apical junctional complex
(AJC), tight junction (TJ) and adherens junction (AJ),
[17]
which are the major protein complexes of the AJC . TJs
are composed of occludin, claudins, junctional adhesion
molecules (JAMs), and the zona occludens (ZO) family of
[18]
proteins. AJs are formed by E-cadherin . A number of
studies in IBD patients have demonstrated that intestinal
barrier function is disrupted in both active and quiescent
[16,19,20]
disease states
.
Several studies have shown that microRNAs partici
pate in the development of IBD, and miR-15 has an al
tered expression level in IBD patients, but the underlying
mechanisms are not fully elucidated. Recently, microRNACdc42 signaling has been studied by some researchers;

CONCLUSION
MiR-15a negatively regulates epithelial junctions through
Cdc42 in Caco-2 cells and pediatric IBD patients.
Key words: Pediatric inflammatory bowel disease;
MicroRNA-15a; Cell division cycle 42; Zona occludens-1;
E-cadherin
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aimed to determine whether cell
division cycle (Cdc)42 was regulated by microRNAs in pe
diatric inflammatory bowel disease (IBD) development.
We studied microRNA (miR)-15a - Cdc42 signaling in
pediatric IBD patients and found that miR-15a negatively
regulated Cdc42 in pediatric IBD patients, and both were
strongly correlated with the severity of IBD. Additionally,
this study provides evidence that Cdc42 is a target gene
of miR-15a, and this will provide a critical clue for under
standing IBD development.
Tang WJ, Peng KY, Tang ZF, Wang YH, Xue AJ, Huang Y.
MicroRNA-15a - cell division cycle 42 signaling pathway in
pathogenesis of pediatric inflammatory bowel disease. World J
Gastroenterol 2018; 24(46): 5234-5245
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5234.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5234

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflam
matory disorder with an increasing prevalence. It in
cludes ulcerative colitis (UC) and Crohn’s disease (CD).
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A

confirmed.
hsa-miR-15a

3‘GCGGTTATAAAUGCACGACGAU

WT CDC42 3’ UTR

5 UUGGAAUUGUUGAAUGCUGCUC

MUT CDC42 3’ UTR

Relative luciferase activity (%)

B

Cell culture

5’ UUGGAAUUGUUGAAUAGUAGC 3'

293T cells were a generous gift from Dr. Hua-Qing Zhong
(Institute of Pediatrics, Children’s Hospital of Fudan
University), and Caco-2 cells were purchased from
Genechem (Shanghai, China). They were cultured in
Dulbecco’s modified Eagle’s medium supplemented with
10% fetal bovine serum, 1% nonessential amino acids,
1% penicillin-streptomycin antibiotic solution (Gibco) and
1 mmol/L L-glutamine at 37 ℃ in 5% CO2. The cells were
passaged at 80% confluence with a 0.25% trypsin-EDTA
solution for 3-5 min.

Cdc42 mut
Cdc42 wt

1.5

1.0

0.5

0.0

b

miR-15a-in

Cell transfection

Plasmid transfection. The following plasmids were used:
hsa-mir-15a and its negative control, Cdc42 [NM001791-3UTR (miR-15a-5p)] and its negative control,
Cdc42 [NM-001791-3UTR (miR-15a-5p)]-mut. All of the
plasmids were purchased from Genechem. Transfection
was performed using X-tremegene HP (Roche). At 48
h after transfection, cells were harvested for further
experiments.
Lentiviral transfection. The following lentiviruses
were used: miR-15a mimic and its negative control
(Ubi-MCS-SV40-EGFP-IRES-puromycin LVcon220),
miR-115a inhibitor and its negative control (hU6-MCSubiquitin-EGFP-IRES-puromycin LVcon137), and Cdc42
and its negative control (Ubi-EGFP-MCS-IRES-puromycin
LVcon129). All of the lentiviruses were purchased from
Genechem. At 12 h after transfection, cells were cultured
in regular media, and after 48 h, cells were harvested for
further experiments.

miR-NC-in

Figure 1 Cell division cycle 42 is a microRNA-15a target gene in 293T
cells. A: Bioinformatics analysis using Target Scan (http://www.targetscan.
org/) revealed the putative seed region of miR-15a in the wild-type (WT)
3'-UTR of Cdc42. The putative binding sites of miR-15a on WT Cdc42 3’-UTR
is highlighted. A MUT Cdc42 3’-UTR sequence was generated for luciferase
assays; B: In a dual-luciferase reporter assay, 293T cells were transfected with
firefly luciferase reporter inserted with WT Cdc42 3’-UTR plasmid (Cdc42-WT)
or MUT Cdc42 3’-UTR Plasmid (Cdc42-MUT). Cells were co-transfected with
either miR-15a mimics Plasmid (miR-15a) or its negative control plasmid (miRNC). At 48 h after transfection, relative luciferase activities were evaluated and
normalized to the values in cells transfected with Cdc42-MUT (bP < 0.01 vs
Cdc42-MUT). Cdc42: Cell division cycle 42; MUT: Mutation; WT: Wildtype; miR:
MicroRNA; NC: Negative control.

they have shown that miR-137 negatively regulates
[21]
H2O2-induced cardiomyocyte apoptosis through Cdc42 .
MiR-17 is involved in Japanese flounder development
[22]
by targeting Cdc42 mRNA , and miR-106b negatively
[23]
regulates Cdc42 in human colorectal cancer cells . We
used Target Scan and found the putative seed region of
miR-15a in the wild-type 3’-UTR of Cdc42 (Figure 1A).
As Cdc42 is critical for intestinal barrier function, we
hypothesized that miR-15a regulates Cdc42 to disrupt
the intestinal barrier in IBD development.

TNF-α -stimulated cells

5
Caco-2 cells (1 × 10 ) were passaged in 35-mm dishes,
4
or 5 × 10 cells were grown in 35-mm confocal dishes for
imaging. After 24 h, medium containing 35 ng/mL TNF-α
was used to culture the cells for 60 h, and then the cells
were harvested.

Quantitative reverse transcription polymerase chain
reaction

Total RNA was extracted using TRIzol reagent (Thermo
Scientific). For analysis of microRNA expression, the
MiScript Ⅱ RT Kit (Qiagen) was used to convert RNA
into cDNA. Quantitative reverse transcription polymerase
chain reaction (qRT-PCR) was performed using the
SYBR Premix Ex Taq Ⅱ kit (Takara). The PCR conditions
were set as follows: 95 ℃ for 30 s, followed by 40 cycles
of 95 ℃ for 5 s and 60 ℃ for 30 s. U6 was used as a
reference gene for microRNA-15a, GAPDH was used as
a reference gene for all other genes. Relative expression
−ΔΔCt
was analyzed by the 2
method. The primers used in
this study are listed in Table 1.

MATERIALS AND METHODS
Patients

Chinese Han pediatric IBD patients were included in this
study. The diagnosis of CD and UC was based on clinical
symptoms, endoscopic findings, and histopathology
[24]
according to the Porto criteria . Disease activity score
was calculated by Pediatric Crohn’s Disease Activity
Index (PCDAI) and Pediatric Ulcerative Colitis Activity
Index (PUCAI). Age- and sex-matched Chinese Han
juvenile polyp patients were enrolled as a control group.
Colonoscopy was used for diagnosis, and the ileocecal
mucosa showed normal macroscopic appearance with
normal histology in the biopsy specimens.
Ileocecal tissues of all patients were collected by
endoscopy, frozen in liquid nitrogen, and stored at -80 ℃
until further analysis. All tissues had been histologically
WJG|https://www.wjgnet.com

Dual-luciferase reporter assay

To determine whether Cdc42 was a direct target of miR15a, a dual luciferase assay was performed using 293T
cells. Mutant Cdc42 3′-UTR reporters were created by
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Table 1 Primer sequences for quantitative reverse transcription polymerase chain reaction
Primer

Primer sequences (5' → 3')

miR-15a

F: 5’- ACACTCCAGCTGGGTAGCAGCACATAATGG-3’
R: 10 × miscript universal primer (QIAGEN)
F: 5’- CTCGCTTCGGCAGCACA-3’
R: 5’- AACGCTTCACGAATTTGCGT -3’
F: 5’- TTATGACAGATTACGACCGC -3’
R: 5’- CCAACAAGCAAGAAAGGAGT -3’
F: 5’- AACAAGCCAGCAGAGACCTC -3’
R: 5’- CTTCATACATGGGGACGCGA -3’
F: 5’- TCCAGTGAACAACGATGGCA -3’
R: 5’- AATGTACTGCTGCTTGGCCT -3’
F: 5’- CCTCCTCACAGTTGCCATGT -3’
R: 5’- CTGGTTGAGCACAGGGTACT -3’

RNU6A
Cdc42
ZO-1
E-cadherin
GAPDH

miR-15a: MicroRNA-15a; Cdc42: Cell division cycle 42; ZO-1: Zona occludens-1.

get gene of miR-15a (Figure 1A). We then constructed
firefly luciferase reporter vectors containing either wildtype Cdc42 3’UTR (Cdc42-WT) or mutated Cdc42 3’UTR
with a modified miR-15a binding site (Cdc42-MUT). We
transfected 293T cells with either Cdc42-WT or Cdc42MUT, along with plasmid containing miR-15a mimics
(miR-15a) or its negative control plasmid (miR-NC). At
48 h after transfection, we used a dual-luciferase reporter
assay to examine the relative luciferase activities. The
relative luciferase activities were decreased in cells
cotransfected with Cdc42-WT and miR-15a mimics com
pared to cells cotransfected with Cdc42-MUT and miR15a mimics (Figure 1B, P < 0.05), confirming that Cdc42
was a direct target of miR-15a.

mutating the seed region of the predicted miR-15a target
5
site. Approximately 1 × 10 cells were plated in 24-well
plates. After 24 h, hsa-mir-15a mimic plasmid and its
negative control (miR-NC) were cotransfected with either
Cdc42-WT or Cdc42-MUT luciferase reporter vector; 48
h after transfection, a Dual Luciferase Reporter Assay
System (Promega, Madison, WI, United States) was
used to examine the relative luciferase activities. Relative
luciferase activities were normalized to the value with
Cdc42-MUT and miR-NC cotransfection.

Immunofluorescence
4

Caco-2 cells (5 × 10 ) were passaged in 35-mm confocal
dishes, washed in phosphate buffer solution (PBS),
and fixed with 4% paraformaldehyde for 20 min. Cells
were permeabilized with PBS-T for 10 min, blocked
with 4% bovine serum albumin at room temperature
for 30 min, incubated with primary antibody solution
at 4 ℃ overnight, and secondary antibody solution at
room temperature for 1 h, and DAPI solution for 5 min.
Immunofluorescence images were captured using a
Leica confocal microscope and analyzed by Photoshop
version 7.0.
Antibodies were used as follows: anti-ZO-1 at 1:400
(Cell Signaling Technology, #13663), anti-E-cadherin
at 1:200 (Cell Signaling Technology, #3195), and
secondary antibody was Dnk pAb to Rb IgG (Alexa Fluor
647, Abcam).

TNF−α induces miR-15a upregulation and Cdc42
downregulation in Caco-2 cells

5
We cultured Caco-2 cells and passaged 1 × 10 cells in
35-mm dishes. After 24 h, we cultured cells with medium
containing 35 ng/mL TNF-α (TNF-α group) or regular
medium (control group) for 60 h and then harvested.
qRT-PCR demonstrated that miR-15a levels increased
upon TNF-α treatment compared to the control group
(Figure 2A), while Cdc42 levels decreased in the TNF-α
group compared to the control group (Figure 2B). These
results suggest that TNF-α induced miR-15a upregulation
and Cdc42 downregulation, and high TNF-α expression
[25]
has been found in most pediatric patients .

Statistical analysis

MiR-15a negatively regulates Cdc42 expression in
Caco-2 cells

All experiments were performed in triplicate. All data are
expressed as the mean ± standard deviation (SD). The
statistical analysis of differences was performed using t
test of variance and Pearson’s r test of correlation using
GraphPad Prism version 6.0. P < 0.05 was considered
statistically significant.

We transfected Caco-2 cells with miR-15a mimic lenti
virus and its negative control (miR15a-NC) or miR-15a
inhibitor lentivirus and its negative control (LV-NC) and
found no difference in miR-15a and Cdc42 expression
between the two negative control groups. In the miR15a mimic group, miR-15a was overexpressed compared
to the negative control group (Figure 3A). In the miR15a inhibitor group, miR-15a expression was decreased
compared to the negative control group (Figure 3A).
Cdc42 was downregulated in the miR-15a mimic group
and upregulated in the miR-15a inhibitor group (Figure

RESULTS
Cdc42 is a novel target of miR-15a

We searched the online microRNAs target database
Target Scan and found that Cdc42 was a candidate tar
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of MicroRNA15a
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TNF-α

Control
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Figure 2 Tumor necrosis factor-α induced microRNA-15a upregulation and cell division cycle 42 downregulation in Caco-2 cells. Caco-2 cells were
stimulated with tumor necrosis factor-α (TNF-α) (35 ng/mL) (TNF-α group) or medium with no TNF-α (control) for 60 h. Quantitative reverse transcription polymerase
chain reaction (commonly known as qRT-PCR) was used to evaluate the relative mRNA expression of miR-15a in A: the control and TNF-α groups; B: qRT-PCR was
used to evaluate the relative mRNA expression Cdc42 in the control and TNF-α groups (aP < 0.05 vs control). Cdc42: Cell division cycle 42; miR: MicroRNA; TNF-α:
Tumor necrosis factor-α.
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Figure 3 MicroRNA-15a negatively regulates cell division cycle 42 expression in Caco-2 cells. Caco-2 cells were transfected with microRNA-15a (miR-15a)
mimic lentivirus and its negative controls or miR-15a inhibitor lentivirus and its negative controls. A: Quantitative reverse transcription polymerase chain reaction (qRTPCR) was used to evaluate the relative mRNA expression of miR-15a in different groups; B: qRT-PCR was used to evaluate the relative mRNA expression of cell
division cycle 42 in different groups (aP < 0.05, bP < 0.01 vs negative control cells). Cdc42: Cell division cycle 42; miR: MicroRNA; LV: Lentivirus; NC: Negative control.

We also transfected Caco-2 cells with Cdc42 lentivirus
(Lv-Cdc42) or its negative control (Lv-Cdc42-NC). Cdc42
was overexpressed in the Lv-Cdc42 group compared to
the Lv-Cdc42-NC group, but there were no differences
between the WT and Lv-Cdc42-NC groups. Expression of
E-cadherin and ZO-1 was not different in the Lv-Cdc42NC group compared to the WT cells or the miR15a-NC
group.
We then used 35 ng/mL TNF-α to stimulate Lv-Cdc42
(Lv-Cdc42 + TNF-α) and Lv-Cdc42-NC cells (Lv-Cdc42NC + TNF-α) for 60 h and found that E-cadherin and
ZO-1 expression decreased in the Lv-Cdc42-NC + TNF-α
cells compared to the WT cells (Figure 4A-D), while it
increased in the Lv-Cdc42 + TNF-α cells compared to the
miR-15a mimic or Lv-Cdc42-NC + TNF-α cells (Figure
4A-D).
Taken together, these results demonstrate that over
expressed TNF-α can disrupt the intestinal epithelial
barrier. miR-15a overexpression can damage the in
testinal epithelia similarly to TNF-α overexpression.
Increased Cdc42 expression can reverse the damage
caused by miR-15a overexpression.

3B). These results demonstrate that miR-15a negatively
regulates Cdc42 in Caco-2 cells.

MiR-15a overexpression downregulates epithelial
junctions, while overexpressed Cdc42 rescues low
epithelial junction protein expression induced by miR15a upregulation or high TNF-α expression

We found that in the TNF-α group, the epithelial junction
proteins E-cadherin and ZO-1 were decreased compared
to the control (WT) group (Figure 4A-D). In the miR-15a
mimic group, E-cadherin and ZO-1 were also decreased
compared with the WT group (Figure 4A-D). We found
no difference in E-cadherin and ZO-1 expression between
the WT and miR15a-NC groups.
We transfected Caco-2 cells with miR-15a inhibitor
lentivirus or its negative control (LV-NC). After passage,
we added 35 ng/mL TNF-α to stimulate the cells for
60 h (miR-15a inhibitor + TNF-α or LV-NC + TNF-α).
E-cadherin and ZO-1 expression did not change in the
miR-15a inhibitor + TNF-α cells compared to the WT
group (Figure 4A-D). E-cadherin and ZO-1 expression
was similar in the LV-NC + TNF-α group to the WT +
TNF-α group.
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Figure 4 MicroRNA-15a negatively regulates epithelial junctions through cell division cycle 42 in Caco-2 cells. Caco-2 cells were stimulated by Tumor
necrosis factor-α (TNF-α) (35 ng/mL) [wild type (WT) + TNF-α group] or medium with no TNF-α (WT). Caco-2 cells were transfected with miR-15a mimic lentivirus or
its negative controls (miR-NC group). Caco-2 cells were transfected with microRNA-15a (miR-15a) inhibitor lentivirus, and after passage, were stimulated by TNF-α
(35 ng/mL) (miR-15a inhibitor + TNF-α). Caco-2 cells were transfected with Cdc42 lentivirus (Lv-Cdc42) or its negative control (Lv-Cdc42-NC), and after passage,
stimulated by TNF-α (35 ng/mL) (Lv-Cdc42 +TNF-α or Lv-Cdc42nc + TNF-α group). A: Quantitative reverse transcription polymerase chain reaction (qRT-PCR) was
used to evaluate the relative mRNA expression of E-cadherin (E-Cad) in every group; B: Expression of epithelial marker E-cad was examined by immunofluorescence
in every group. Cells were stained with E-cad antibodies and counter stained with DAPI; C: qRT-PCR was used to evaluate the relative mRNA expression of ZO-1
in every group; D: Expression of epithelial marker ZO-1 was examined by immunofluorescence in every group. Cells were stained with E-cad antibodies and
counterstained with DAPI (aP < 0.05, bP < 0.01 vs WT, cP < 0.05, dP < 0.01 vs miR-15a mimic, eP < 0.05 vs Lv-Cdc42-NC +TNF-α) (magnification 40 ×, bar = 25 μm).
Cdc42: Cell division cycle 42; WT: Wildtype; miR: MicroRNA; NC: Negative control; TNF-α: Tumor necrosis factor-α; LV: Lentiviral; NC: Negative control; qRT-PCR:
Quantitative reverse transcription polymerase chain reaction; ZO-1: Zona occludens-1.
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Table 2 Demographic characteristics of all patients

n
Male
Female
Age, yr (mean ± SD)

Control

CD

UC

21
12
9
9.773 ± 0.7755

26
14a
12a
10.84 ± 0.6690a

7
4a
3a
9.743 ± 1.209a

a

P > 0.05 vs control. CD: Crohn’s disease; UC: Ulcerative colitis.

B

40

b

35

2.5

30
25
20
15
10
c

5
0
-5
CD active

CD remission

c

1.5

b

1.0
0.5
0.0

UC

Control

D

P = 0.0006
r = 0.5441

P = 0.0008
r = -0.6153

3.0

6
4
2

0

     20

   40

    60

CD remission

UC

2.5

2.5

2.0

2.0
1.5

1.5

1.0

1.0

0.5

0.5

0.0

P = 0.0045
r = -0.5821

3.0

Cdc42

8

CD active

E

10

Relative mRNA
expression of Cdc42

Relative mRNA expression of MicroRNA15a

12

0

a

2.0

-0.5
Control

C

Relative mRNA expression of Cdc42

Relative mRNA expression of MicroRNA15a

A

0

    

20

PCDAI

  
PCDAI

   40

        60

0.0

0

    2

  4

             6

     8

       10

MicroRNA-15a

Figure 5 MicroRNA-15a negatively regulates cell division cycle 42 in pediatric inflammatory bowel disease patients. A: Quantitative reverse transcription
polymerase chain reaction (qRT-PCR) was used to evaluate the relative mRNA expression of MicroRNA-15a (miR-15a) in every group; (B) qRT-PCR was used to
evaluate the relative mRNA expression of cell division cycle 42 (Cdc42) in every group. C: Pearson r test was used to test the correlation of miR-15a and Pediatric
Crohn’s disease Activity Index (PCDAI); D: Pearson r test was used to test the correlation between Cdc42 and PCDAI; E: Pearson r test was used to test the
correlation between miR-15a and Cdc42 [aP < 0.05, bP < 0.01 vs control, cP < 0.05 vs Crohn’s disease active group]. miR: MicroRNA; Cdc42: Cell division cycle 42;
qRT-PCR: Quantitative reverse transcription polymerase chain reaction; CD AC: Crohn’s disease active; CD RE: Crohn’s disease remission; UC: Ulcerative colitis;
PCDAI: Pediatric Crohn’s Disease Activity Index.

MiR-15a negatively regulates Cdc42 in pediatric IBD
patients and is correlated with PCDAI

with the age- and sex-matched control group (Table 3).
qRT-PCR showed that miR-15a expression was increased
in the CD AC group compared to the control group
(Figure 5A), while it was decreased in the CD RE group
compared to the CD AC group (Figure 5A). Cdc42 was
decreased in the CD AC group compared to the control
group (Figure 5B), while it was increased in the CD RE
group compared to the CD AC group (Figure 5B). Cdc42
expression was decreased in the UC group compared to
control group (Figure 5B). miR-15a expression did not
significantly change between the UC and control groups
(Figure 5A).
We also used Pearson’s r test to analyze the cor

We investigated the expression of miR-15a and Cdc42
in 33 pediatric IBD patients (26 CD and seven UC) and
21 controls from our hospital (Table 2). PCDAI or PUCAI
was calculated as follows: CD active group (PCDAI ≥ 10,
CD AC group), CD remission group (PCDAI < 10, CD RE
group), UC active group (PUCAI ≥ 10 group); 19 in CD
AC group, seven in CD RE group, and seven in UC group
(Table 3). Ileocecal tissues were collected by endoscopy
from all patients. qRT-PCR was used to evaluate miR-15a
and Cdc42 gene expression in these tissues, and the CD
AC group, CD RE group, and UC group were compared
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Table 3 Clinical characteristics of matched inflammatory bowel disease patients and controls
Matched group
1

2

3

4
5

6

7

8

9

10

11
12

Patient no.

Group

Sex

Age, yr

Disease

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Control
Control
CD AC
CD AC
Control
Control
CD RE
CD RE
UC
Control
Control
CD AC
UC
UC
Control
CD AC
Control
Control
Control
CD AC
CD AC
CD RE
Control
Control
CD AC
CD AC
CD AC
CD AC
Control
Control
Control
CD AC
CD AC
CD AC
CD AC
CD RE
UC
UC
Control
CD AC
CD AC
Control
CD AC
UC
CD RE
Control
CD RE
CD AC
CD AC
Control
CD RE
Control
Control
UC

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

3
3
3
2.5
7
7
8
7
7
8
9
7.5
8
8
9

JP
JP
CD
CD
JP
JP
CD
CD
UC
JP
JP
CD
UC
UC
JP
CD
JP
JP
JP
CD
CD
CD
JP
JP
CD
CD
CD
CD
JP
JP
JP
CD
CD
CD
CD
CD
UC
UC
JP
CD
CD
JP
CD
UC
CD
JP
CD
CD
CD
JP
CD
JP
JP
UC

10
10
10
9.6
10
10
11
11
11
12.2
11
11
12
12
12
12
12
12
12
13.1
13.1
12
13
13
12.8
14
14
14
14
14
15.1
14
14
16
15.8
5
5
6.1

PCDAI/PUCAI

52.5
25

0
2.5
30

27.5
20
20
40

20
30
5

32.5
50
45
15

25
35
32.5
47.5
0
35
20
45
32.5
20
40
2.5
0
30
47.5
5

35

M: Male; F: Female; JP: Juvenile polyps; CD: Crohn’s disease; CD AC: Crohn’s disease active; CD RE: Crohn’s disease remission; UC: Ulcerative colitis;
PCDAI: Pediatric Crohn’s Disease Activity Index; PUCAI: Pediatric Ulcerative Colitis Activity Index.

relation between miR-15a, Cdc42 and PCDAI. We found
that miR-15a was positively correlated with PCDAI (Figure
5C), Cdc42 was negatively correlated with PCDAI (Figure
5D), and miR-15a was negatively correlated with Cdc42
(Figure 5E).
Altogether, these results demonstrate that miR-15a
negatively regulates Cdc42 in pediatric IBD patients,
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and both are correlated with PCDAI. PCDAI is one of the
indicators of the severity of CD.

DISCUSSION
IBD is a multifactorial disease, characterized by chronic
inflammation of the gastrointestinal tract. MicroRNAs can
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offer a potential missing link between the genetic, en–
vironmental and immunological factors involved in the
[26,27]
pathogenesis of IBD
. They play an important role
in the development of IBD. MicroRNAs mediate posttranscriptional gene expression by binding to the 3’-UTRs
of target genes, thus inhibiting protein translation or
inducing gene degradation. Altered expression of micro
RNAs has been linked to different cell functions, including
signal transduction, differentiation, proliferation and
[28-30]
apoptosis
. In this study, we focused on miR-15a
and found that miR-15a can bind the 3’-UTR of Cdc42,
suggesting that Cdc42 is a target gene of miR-15a.
Dual-luciferase reporter assay confirmed that Cdc42 is
a miR-15a target gene. Our results were similar to other
[21-23]
studies
. Cdc42 is a Rho family small GTPase that
is known to control various cellular functions including
[10,11]
adhesion, migration, transcription and growth
. It
has a special role in intestinal stem cell division, survival
[10,14]
and differentiation in mice
. It was recently reported
that Cdc42 is critical for intestinal epithelial stem cell
[10,14]
differentiation into a functional intestinal barrier
.A
number of studies in IBD patients have shown that intes
tinal barrier function is disrupted in active and quiescent
disease states.
High TNF-α expression has been found in most pedia
[25]
tric patients . TNF-α has an important role in microRNA
expression. Therefore, we used TNF-α to stimulate
Caco-2 cells and found that TNF-α upregulated miR-15a
and downregulated Cdc42. This result demonstrated
that TNF-α has an important role in miR-15a expression
and that miR-15a-Cdc42 signaling participated in the
development of IBD. Therefore, we used lentiviruses to
up- or downregulate miR-15a expression in Caco-2 cells.
We found that in the miR-15a mimic group, Cdc42 was
downregulated, but upregulated in cells infected with
a miR-15a inhibitor. These results show that miR-15a
negatively regulates Cdc42.
We also found that after TNF-α stimulation, E-cadherin
and ZO-1 expression decreased in Caco-2 cells. These
belong to the intestinal epithelial junction proteins. The
change in epithelial junction proteins can disrupt the
epithelial barrier. A number of studies in IBD patients has
demonstrated that intestinal barrier function is disrupted.
We also found that expression of E-cadherin and ZO-1
also decreased in miR-15a mimic Caco-2 cells, similar to
cells with high TNF-α expression. However, E-cadherin
and ZO-1 expression did not decrease in the miR-15a
inhibitor + TNF-α group compared to the WT group.
We transfected Caco-2 cells with Cdc42 lentivirus
(Lv-Cdc42) or its negative control (Lv-Cdc42-NC), and
then stimulated both with TNF-α. We found that in LvCdc42 cells, E-cadherin and ZO-1 expression increased
compared to Lv-Cdc42-NC + TNF-α or miR-15a mimic
cells, suggesting that Cdc42 overexpression can reverse
epithelial junction expression caused by miR-15a upre
gulation. These results demonstrated that miR15a nega
tively regulates intestinal epithelial junctions through
Cdc42 in Caco-2 cells. The miR-15a-Cdc42 signaling
pathway is involved in many other biological processes,
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and our study confirmed it to be important in the devel
opment of gastrointestinal inflammation.
We investigated miR-15a and Cdc42 expression
in pediatric IBD patients and found that miR-15a was
increased and Cdc42 was decreased in the CD AC
group compared to the control group. In contrast, miR15a was decreased and Cdc42 increased in the CD
RE group compared to the CD AC group. We analyzed
the correlation between miR-15a, Cdc42 and PCDAI
and found that miR-15a was positively correlated with
PCDAI, Cdc42 negatively correlated with PCDAI, and
miR-15a negatively correlated with Cdc42. These results
demonstrated that miR-15a negatively regulates Cdc42
in children with IBD, and both are correlated with PCDAI.
This study had some limitations. First, we found a cor
relation between miR-15a, Cdc42 and PCDAI, but the R
values were not high, possibly due to the small number
of patients. Second, we only included seven UC patients,
which may be one of the reasons why we did not find
altered expression of miR-15a in UC patients.
This study shows that miR-15a negatively regulates
intestinal epithelial junctions through Cdc42, but we did
not study how Cdc42 regulates intestinal epithelial junc
tions. This will be studied in our future research.
In conclusion, miR-15a negatively regulates intestinal
epithelial junctions through Cdc42 in Caco-2 cells and
pediatric IBD. This is believed to be the first study of
the miR-15a-Cdc42 signaling pathway in pediatric IBD
patients. Additionally, this study provides evidence that
Cdc42 is a miR-15a target gene, and this will provide a
critical clue for understanding IBD development.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder with
an increasing prevalence. Pediatric IBD has severe phenotypes, but the
etiology of IBD remains unknown. A number of studies have shown that
microRNAs participate in the development of IBD and that miR-15a has an
altered expression level in IBD patients, but the underlying mechanisms have
not been fully elucidated. Cell division cycle (Cdc)42 is a Rho family small
GTPase, and it has been reported that Cdc42 is critical for intestinal epithelial
stem cell differentiation into a functional intestinal barrier. MicroRNA-Cdc42
signaling plays a role in some biological processes, and Target Scan identified
a putative seed region of miR-15a in the wild-type 3’-UTR of Cdc42. Thus, we
hypothesized that miR-15a regulates Cdc42 to disrupt the intestinal barrier in
IBD development.

Research motivation

The main goal of this study is to find the role of microRNA-Cdc42 signaling in
pediatric IBD development. Our study found that miR-15a negatively regulates
intestinal epithelial junctions through Cdc42 in Caco-2 cells and in pediatric
IBD. This finding will provide a critical clue for understanding IBD development
in the future.

Research objectives

The objectives of this study were to determine whether Cdc42 is regulated
by miR-15a in the development of pediatric IBD. Through our study, we
found that miR-15a negatively regulates intestinal epithelial junctions through
Cdc42 in Caco-2 cells and in pediatric IBD. This study provides a new clue
for understanding the development of IBD and will help researchers study the
etiology of IBD and provide new methods for IBD treatment in the future.
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Research methods

8

We cultured cells, used tumor necrosis factor (TNF)-α to stimulate cells,
employed plasmids and lentiviruses to change miR-15a and Cdc42 expression,
performed dual-luciferase assay, quantitative reverse transcription polymerase
chain reaction and immunofluorescence. Statistical analysis was performed
using t test of variance and Pearson’s r test of correlation using Graphpad
Prism version 6.0.

9

Research results

We demonstrated that miR-15a negatively regulates intestinal epithelial
junctions through Cdc42 in Caco-2 cells and pediatric IBD. This is believed
to be the first study of the miR-15a-Cdc42 signaling pathway in pediatric IBD
patients.
This study had some limitations. First, we found a correlation between
miR-15a, Cdc42 and Pediatric Crohn’s Disease Activity Index, but the R values
were not high, possibly due to the small number of patients. Second, we
only included seven ulcerative colitis (UC) patients, which may be one of the
reasons why we did not find altered miR-15a expression in UC patients. Last,
we showed that miR-15a negatively regulates intestinal epithelial junctions
through Cdc42, but we did not study how Cdc42 regulates intestinal epithelial
junctions. This will be studied in our future research.

10

11
12

Research conclusions

13

MiR-15a negatively regulates intestinal epithelial junctions through Cdc42 in
pediatric IBD. This is believed to be the first study of the miR-15a - Cdc42
signaling pathway in pediatric IBD patients. Additionally, this study provides
evidence that Cdc42 is a miR-15a target gene, and this will provide a critical
clue for understanding IBD development, and may also provide new methods
for future IBD treatments.

14

15

Research perspectives

It is better get more patients, particularly UC patients. We will study how Cdc42
regulates intestinal epithelial junctions in our future research.
16
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Abstract
AIM
To investigate the antitumor effects and underlying
mechanisms of (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl
chlorine E6 trisodium salt (YLG-1)-induced photodynamic
therapy (PDT) on pancreatic cancer in vitro and in vivo .

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest related to this study.
Data sharing statement: No additional data are available.

WJG|https://www.wjgnet.com

5246

December 14, 2018|Volume 24|Issue 46|

Shen YJ et al . YLG-1-PDT for pancreatic cancer

METHODS
YLG-1 is a novel photosensitizer extracted from spirulina.
Its phototoxicity, cellular uptake and localization, as well
as its effect on reactive oxygen species (ROS) production,
apoptosis, and expression of apoptosis-associated pro
teins were detected in vitro . An in vivo imaging system
(IVIS), the Lumina K imaging system, and mouse models
of subcutaneous Panc-1-bearing tumors were exploited to
evaluate the drug delivery pathway and pancreatic cancer
growth in vivo .

DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5246

INTRODUCTION
Pancreatic cancer is one of the most malignant diseases,
[1]
with a 5-year survival rate less than 5% . Despite
advancements in therapies, the overall prognosis remains
dismal. Local invasion, early metastasis, and tumor cell
chemoresistance after radical surgery or various treat
[2]
ments account for the low survival rate . Therefore,
there is still a great need for additional therapies to im
prove the prognosis of pancreatic cancer.
Photodynamic therapy (PDT) is a minimally invasive
ablation of local tumors and other diseases that im
pairs target cells or microorganisms via inducing the
[3,4]
production of reactive oxygen species (ROS) . Photo
sensitizer accumulation in target tissues, specific light
[5]
wavelengths, and oxygen are at the core of PDT . A
growing body of studies indicate that PDT is a promising
therapy for tumors in that it not only directly kills tumor
cells and damages the tumor vasculature but also en
hances antitumor immune responses to prevent recur
[6,7]
rence . However, the characteristics associated with
pancreatic cancer, including its deep location and hypo
vascular nature, seriously affect optical accessibility and
photosensitizer accumulation in tumor tissues, which
limits the application of PDT in pancreatic cancer therapy.
With the development of endoscopic ultrasonography
(EUS) and EUS-guided fine needle aspiration (EUS-FNA),
the problems associated with optical accessibility have
been well resolved. Initially, EUS and EUS-FNA have been
applied in pancreatic neoplasm diagnosis. In 2015, Choi
[8]
et al demonstrated that EUS-guided PDT with a flexible
laser-light catheter inserted directly into the tumor is
feasible and safe for locally advanced pancreaticobiliary
malignancies. Thus, the selection of an appropriate photo
sensitizer is currently of critical importance for PDT.
Chlorins are second-generation photosensitizers
with a longer absorption band (650 nm), more ROS
generation, and lower skin sensitivity than commercially
available porphyrin photosensitizers (630 nm) such
as 5-aminolevulinic acid (5-ALA) and porfimer sodium
[5,9,10]
(Photofrin)
. (17R,18R)-2-(1-hexyloxyethyl)-2devinyl chlorine E6 trisodium salt (YLG-1) is a hydrophilic
chlorine derivative extracted from spirulina chlorophyll.
Spirulina is now being considered as a health supplement
[11]
but has a light sensitivity as a side effect . It has been
used as the raw material for many photosensitizers
including methyl 3-[1’-(m-iodobenzyloxy) ethyl] pyro
pheophorbide-a 2, selenium-containing phycocyanin, and
[12-14]
chlorin e6 (Ce6)
. YLG-1 was initially approved as a
disinfection product owing to its great antimicrobial effect
under PDT. It possesses various characteristics including a
high purity of 99.5%, high water-solubility, high chemical
stability, high phototoxicity, low dark toxicity, and a low
price according to the product manual. The advantages
of YLG-1 make it a potential candidate for applications in

RESULTS
YLG-1 was localized to the mitochondria, and the ap
propriate incubation time was 6 h. Under 650 nm light
irradiation, YLG-1-PDT exerted a potent cytotoxic effect
on pancreatic cancer cells in vitro , which could be abo
lished by the ROS scavenger N-acetyl-L-cysteine (NAC).
The death mode caused by YLG-1-PDT was apoptosis,
accompanied by upregulated Bax and cleaved Caspase-3
and decreased Bcl-2 expression. The results from the IVIS
images suggested that the optimal administration route
was intratumoral (IT) injection and that the best time to
conduct YLG-1-PDT was 2 h post-IT injection. Consistent
with the results in vitro , YLG-1-PDT showed great growth
inhibition effects on pancreatic cancer cells in a mouse
model.
CONCLUSION
YLG-1 is a potential photosensitizer for pancreatic cancer
PDT via IT injection, the mechanisms of which are asso
ciated with inducing ROS and promoting apoptosis.
Key words: Photodynamic therapy; Pancreatic neoplasm;
(17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6
trisodium salt; Antitumor effect
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Photodynamic therapy (PDT) has become a
feasible treatment for advanced pancreatic neoplasms.
Photosensitizers play a critical role in PDT. (17R,18R)-2-(1hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt (YLG-1)
is a promising photosensitizer with high water solubility
and phototoxicity. The functions of YLG-1-induced PDT
(YLG-1-PDT) are still poorly understood. We found that
YLG-1-PDT displayed great antitumor effects on pancreatic
cancer cells in vitro and in vivo , the mechanisms of which
involved inducing reactive oxygen species and promoting
apoptosis. The optimal administration of YLG-1 towards
pancreatic cancer is an intratumoral injection. Our study
suggests that YLG-1 is a potential photosensitizer for
pancreatic neoplasm PDT.
Shen YJ, Cao J, Sun F, Cai XL, Li MM, Zheng NN, Qu
CY, Zhang Y, Shen F, Zhou M, Chen YW, Xu LM. Effect of
photodynamic therapy with (17R,18R)-2-(1-hexyloxyethyl)-2devinyl chlorine E6 trisodium salt on pancreatic cancer cells in
vitro and in vivo. World J Gastroenterol 2018; 24(46): 5246-5258
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5246.htm
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clinical work. However, the functions of YLG-1-induced
PDT (YLG-1-PDT) are still poorly understood, with no
available publications. Thus, we wondered whether YLG1-PDT displays antitumor efficacy.
Here, we evaluated the antitumor effects and asso
ciated mechanisms of YLG-1-PDT on pancreatic cancer
cells in vitro and in vivo. YLG-1 was found to be localized
to the mitochondria and exert great phototoxicity on
pancreatic cancer cells in vitro, the mechanisms of which
involved inducing ROS production and apoptosis. To
ensure the photosensitizer to accumulate in pancreatic
tumors in vivo, YLG-1 was administered by intratumoral
(IT) injection according to in vivo imaging system (IVIS)
images. In in vivo experiments, pancreatic tumor growth
was potently inhibited by YLG-1-PDT. We thus proposed
that YLG-1 is a potential photosensitizer in pancreatic
cancer PDT. Our findings provided fundamental research
for the clinical application of YLG-1 in pancreatic cancer
therapies.

centrifuged to acquire the supernatant. The FL intensity
of 100 μL supernatant was determined using a Bio-Tek
Synergy H1 (Ex = 397 nm and Em = 652 nm) (Bio-Tek,
Winooski, VT, United States).
To locate the YLG-1, the cells were cultured to
40%-60% confluence, loaded with 0.5 μg/mL YLG-1 for
6 h in serum-free culture medium, and then incubated
with 100 nmol/L MitoTracker Green FM (Yeasen Biotech
nology, Shanghai, China) (Ex = 490 nm and Em = 516
nm) for 30 min to label mitochondria. The cells were
then washed with PBS and replaced with fresh culture
medium. Then, a confocal microscope (Leica, Wetzlar,
Germany) was used to observe the FL.

Phototoxicity of YLG-1-PDT in vitro

Cells were incubated with YLG-1 at concentrations ran
ging from 0 to 5 μg/mL in serum-free culture at 37 ℃
2
or exposed to laser light doses of 0 to 10 J/cm at 650
nm. After 24 h, the cells were subjected to CCK-8 assay
(Yeasen Biotechnology) according to the manufacturer’s
protocol. The absorbance was measured at 450 nm with
the Bio-Tek Synergy H1. In another experiment, the cells
were incubated with the indicated dose of YLG-1 for an
2
indicated time and then irradiated at 5 or 10 J/cm for
CCK-8 assay after 24 h.

MATERIALS AND METHODS
Materials and light source

YLG-1 was provided by Guilin Huiang Biochemistry Phar
maceutical Co., Ltd (Guilin, China). It was dissolved
in phosphate buffer solution (PBS; Solarbio, China) to
obtain a 10 mg/mL solution and then stored at 4 ℃. The
650-nm laser PDT instrument was provided by Guilin
Xingda Photoelectric Medical Equipment Co., Ltd (Guilin,
China).

Intracellular ROS production

Cells were incubated with the indicated dose of YLG-1
2
for 6 h with or without exposure to laser light (10 J/cm )
and then divided into the following four groups: control
(Con) group, light-only (Light) group, YLG-1 alone (YLG-1)
group, and YLG-1-PDT (PDT) group. Before irradiation,
the cells were incubated with 10 μmol/L DCFH-DA (ROSsensitive probe; Yeasen Biotechnology) for 30 min at
37 ℃. The intracellular ROS was detected by observing
the DCF using the Leica DMI6000B Live Cell Application
(Leica, Wetzlar, Germany) at 1 h postirradiation. To
quantitatively detect the FL intensity of the DCF, the
cells were treated with 0.3% Triton X-100 for 30 min at
37 ℃ and centrifuged to acquire the supernatant. The FL
intensity was read with the Bio-Tek Synergy H1 (Ex =
488 nm and Em = 525 nm). In another experiment, the
PDT group was preincubated with 5 mmol/L N-acetylL-cysteine (NAC) (Yeasen Biotechnology), an ROS sca
venger, for 1 h before irradiation. The following steps
were conducted as mentioned above. Cell viability was
evaluated using the CCK-8 assay.

Absorption and emission spectra

The UV-Vis absorption spectrum of YLG-1 was measured
on an ultraviolet visible spectrophotometer (UV-2550,
Shimadzu, Kyoto, Japan). The fluorescence (FL) spectra
were detected using a fluorescence spectrometer (LS-55,
PerkinElmer, Waltham, MA, United States). Slits were
kept narrow to 1 nm for excitation and at 1 or 2 nm for
emission.

Cell culture

The human pancreatic cancer cell lines SW1990 and
Panc-1 were purchased from the cell bank of the Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). SW1990 and Panc-1 cells were cul
tured in RPMI 1640 medium (GIBCO, Grand Island, NY,
United States) or DMEM (GIBCO), respectively, with 10%
fetal bovine serum (FBS) (GIBCO) at 37 ℃ in a 5% CO2
atmosphere.

Apoptosis analysis in vitro

Cell grouping and culturing conditions were consistent
with the aforementioned experiments. At 4 h after il
lumination, the cells were harvested for staining with
Alexa Fluor 488 Annexin V and propidium iodide (PI)
(BD apoptosis assay kit, BD Pharmingen, CA, United
States) according to the manufacturer’s protocol. In
4
total, 10 cells per group were analyzed immediately
using a FACSCalibur ﬂow cytometer (BD Biosciences, CA,
United States). The data were analyzed using the FlowJo

Intracellular uptake and localization of YLG-1

SW1990 or Panc-1 cells were seeded in 12-well plates
and cultured to 70%-80% confluence. The cells were
treated with serum-free culture medium containing 0.5
μg/mL YLG-1 at 37 ℃ for 0-12 h. After washing twice
with PBS, the cells were treated with 500 μL cell lysate
(0.3% Triton X-100 in PBS) for 30 min at 37 ℃ as de
[15]
scribed in a previous report . Then, the cell lysate was
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Figure 1 Chemical structure and spectral properties of (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt. A: Chemical structure of the
photosensitizer (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt (YLG-1). B: Absorption spectra of YLG-1 in different solutions. C: Fluorescence
emission spectra of YLG-1 in different solutions excited at different wavelengths. FL: Fluorescence; YLG-1: (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6
trisodium salt.

software.

670 nm; the optimal absorbance and emission peaks
were unavailable using this IVIS imaging system). The FL
intensity of YLG-1 in the tumor site was quantified under
8
9
the same color scale (min = 6.35e and max = 6.31e ).

Western blot

To detect apoptosis-associated protein expression, cells
were collected for Western blot assay at 8 h after illumi
nation. In total, 20-40 μg protein/well was separated on
10% or 12% SDS-polyacrylamide gels and transferred
to PVDF membranes. After blocking with 5% BSA
(Yeasen Biotechnology), the blots were incubated with
antibodies (Cell Signaling Technology, Danvers, United
States) against β-actin (1:3000), Bax (1:1000), Bcl-2
(1:1000), and Caspase-3 (1:1000) overnight at 4 ℃.
The membranes were subjected to incubation with HRPconjugated secondary antibodies (Yeasen Biotechnology)
for 1 h. Finally, the proteins were detected using en
hanced chemiluminescent reagents (Yeasen Biotech
nology).

Antitumor effects of YLG-1-PDT in vivo

The Panc-1 tumor-bearing mice were randomly divided
into the following four groups (n = 6) when the tumors
3
volumes reached 100 mm : Con group, Light group,
YLG-1 group, and PDT group. Mice in the PDT group were
intratumorally injected with 8 mg/kg YLG-1 followed by
2
650 nm laser-irradiation (100 J/cm ) at 2 h postinjection.
The Light and YLG-1 groups received the same intensity
of irradiation or the same dosage of YLG-1 as the PDT
group. The subcutaneous tumors were measured within
14 d. Tumor tissue was embedded and sliced for staining
with hematoxylin and eosin (H&E). Histopathological
changes were observed under a light microscope
(DMI4000 B, Leica Microsystems, Wetzlar, Germany). No
body weight changes or other apparent adverse effects
were observed on the mice during the study period.

Detecting the biodistribution of YLG-1 in vivo

Female BALB/c nude mice at 6 wk of age were purchased
from the Shanghai Laboratory Animal Center of the
Chinese Academy of Sciences and reared in a specific
pathogen-free facility (23 ℃, 12 h/12 h light/dark cycle,
50% humidity, and ad libitum access to food and water).
All experimental procedures were approved by the ethics
committee of Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine, with approved
institutional protocols set by the China Association of
6
Laboratory Animal Care. Panc-1 cells (5 × 10 ) suspended
in 100 μL cold PBS were subcutaneously injected into
the lower back region of mice. The tumor volume was
2
calculated using the following formula: 1/2 × width ×
length. When tumors sizes reached approximately 100
3
mm , the surviving mice were intraperitoneally injected
with 60, 30, or 8 mg/kg YLG-1 or intratumorally with
YLG-1 at doses of 30 or 8 mg/kg. At the indicated time
points, the mice were intraperitoneally anesthetized with
10 mg/mL pentobarbital sodium (40 mg/kg) for imaging
using an IVIS Lumina K Series Ⅲ imaging system
(PerkinElmer, United States) (Ex = 420 nm and Em =

WJG|https://www.wjgnet.com

Statistical analysis

All data are shown as the mean ± SD and replicated
three or more times. All data were assessed by t-tests
and one-way ANOVA (SPSS 17.0 software). P values <
0.05 were considered statistically significant.

RESULTS
Chemical structure and spectral properties of YLG-1

The chemical structure of the photosensitizer YLG-1 is
shown in Figure 1A. YLG-1 dissolved in different solutions
had similar spectral peak positions but at different va
lues, suggesting the high chemical stability of YLG-1.
It appeared that PBS was the optimal solution for YLG,
with strong absorption and emission peaks (Figure 1B
and C). In our study, YLG-1 was dissolved in PBS, which
had several distinct absorption peaks at approximately
397 nm, 500 nm, 600 nm, and 652 nm; the maximum
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peak was at 397 nm. As shown in Figure 1C, the peak
emission for FL was detected at approximately 652 nm.
Considering the penetration depth of light, 650 nm laser
irradiation was used in the PDT for pancreatic cancer.

the rates of early and late apoptosis were dramatically
higher in the SW1990 and Panc-1 cell PDT groups than
in the Con groups (44.03% in the SW1990 PDT group vs
10.09% in the Con group and 29.2% in the Panc-1 PDT
group vs 2.35% in the Con group, respectively), while
those in the YLG-1, Light, and Con groups exhibited no
significant changes. Moreover, the pro-apoptotic pro
tein expression of Bax and cleaved Caspase-3 in both
the SW1990 and Panc-1 PDT groups was significantly
upregulated compared to the Con groups at 8 h postil
lumination, while anti-apoptotic Bcl-2 expression showed
the opposite results (Figure 4B). Meanwhile, the YLG-1
and Light groups showed no obvious alterations in the ex
pression of those proteins compared to the Con groups.
Therefore, YLG-1-PDT promoted pancreatic tumor
apoptosis by upregulating cleaved Caspase-3 and Bax
expression and downregulating Bcl-2 expression.

Phototoxicity, cellular uptake, and subcellular
localization of YLG-1 in vitro

As shown in Figure 2A and B, YLG-1 (0-5 μg/mL) or light
2
(0-10 J/cm ) alone had no significant cytotoxicity on the
cells at 24 h posttreatment. To assess the appropriate
incubation time for YLG-1 with cells, the cells were incu
bated with 0.5 μg/mL YLG-1 for 0-12 h. The YLG-1
FL intensity increased with time and peaked at 6 h in
SW1990 and Panc-1 cells, before fading with time during
the next 6-12 h (Figure 2C). Therefore, 6 h was selected
as the incubation time in the following experiments.
Next, we investigated the subcellular localization of
YLG-1 using mitochondrial FL probes. The cells were
loaded with 0.5 μg/mL YLG-1 for 6 h and incubated
with MitoTracker Green FM for 30 min. Yellow FL regions
showed overlap between the mitochondria (green FL)
and YLG-1 (red FL). The results showed that YLG-1 was
primarily localized in mitochondria (Figure 2D).
To study the influence of YLG-1-PDT on cell viability,
SW1990 or Panc-1 cells were incubated with 0-0.25 or 0-1
μg/mL YLG-1 for 6 h, respectively. As shown in Figure
2E, enhanced cell death occurred with higher YLG-1
concentrations and illumination doses. Cell viability was
significantly decreased by YLG-1-PDT in SW1990 cells
2
(IC50 = 0.18 μg/mL at 5 J/cm and 0.13 μg/ml at 10 J/
2
2
cm ) and Panc-1 (IC50 = 0.67 μg/mL at 5 J/cm and 0.46
2
μg/mL at 10 J/cm ). Hence, 0.13 and 0.46 μg/mL YLG-1
2
at a light intensity of 10 J/cm was used in the following
ROS production and apoptosis experiments.

Biodistribution and accumulation of YLG-1 in vivo

To select the appropriate YLG-1 administration route,
we detected the biodistribution of YLG-1 via intraperi
toneal (IP) and IT injection in Panc-1 tumor-bearing
mice using an IVIS Lumina K imaging system. As dis
played in Figure 5A, the mice listed from left to right
were respectively administered with 60, 30, and 8
mg/kg YLG-1 via IP injection and 8 mg/kg YLG-1 by
IT injection. IVIS images were captured at 5, 24, and
48 h postinjection. The images showed that the FL of
YLG-1 was widely distributed throughout the mouse
bodies 5 h after IP injection with three doses of YLG and
did not show tumor-specific accumulation. In contrast,
mice treated with YLG-1 IT injections showed strong
FL signals concentrated in the tumor with weak signals
in other parts of the body. Later, the YLG-1 FL signal
in all the mice faded away. The FL signal in the mice
with IT injections declined at a considerably slower
rate compared with mice with IP injections. We believe
that the low tumor-specific accumulation of YLG-1 by
systemic administration was due to the rapid clearance
of free small molecular compounds from the blood circu
lation. Thus, our data suggested the optimal drug deli
very route for YLG-1 was IT injection.
As shown in Figure 5B, when the IT injection dosage
of YLG-1 reached 30 mg/kg YLG-1, FL signal in the tumor
area appeared oversaturated and the outline of the
tumor could not be clearly depicted. This phenomenon
indicated that YLG-1 overflowed into the surrounding
region, which might damage the surrounding tissues and
result in some complications when conducting PDT.
To better evaluate the FL biodistribution of YLG-1
at various time points, the tumor-bearing mice were
intratumorally injected with 8 mg/kg YLG-1 and imaged
at 0-4 h postinjection. The FL signal in the tumor could
be clearly detected at 1 h after injection and rapidly
peaked at 2 h (Figure 5C). Then, the average FL intensity
declined, decreasing to approximately 50% at 4 h post
9
8
9
injection (from 5.46 × 10 ± 1.414 × 10 to 2.45 × 10 ±
8
1.56 × 10 ). Therefore, we determined that the best time

ROS production triggered by YLG-1-PDT in vitro

To understand the therapeutic mechanisms of YLG-1PDT in killing pancreatic cancer, we detected cellular ROS
production and the frequency of apoptosis in vitro. As
shown in Figure 3A and B, ROS generation increased
significantly in both the SW1990 and Panc-1 cell PDT
groups (0.13 and 0.46 μg/mL, respectively, and 10
2
J/cm ) at 1 h postirradiation compared with the Con
groups, while no significant changes in ROS contents
were observed among the YLG-1, Light, and Con
groups. To verify the role of ROS in YLG-1-PDT-induced
cytotoxicity, we pretreated cells with ROS scavenger
(5 mmol/L NAC) 1 h prior to irradiation. When ROS
production was inhibited by NAC, pancreatic cancer
cell viability was also restored (Figure 3C). These data
indicated that YLG-1-PDT could kill pancreatic cancer cells
by inducing the production of ROS.

Apoptosis and apoptosis-associated protein expression
induced by YLG-1-PDT

To investigate the cell death mechanism of pancreatic
cancer cells induced by YLG-1-PDT, flow cytometry was
performed 4 h after treatment. As shown in Figure 4A,
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concentrations of (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt (YLG-1) (0-5 μg/mL) alone on SW1990 and Panc-1 cell viability. B: Influence
of different doses of laser light (0-10 J/cm2) on pancreatic cancer cell viability. C: Intracellular localization of YLG-1. Red, green, and yellow fluorescence (FL)
corresponded to YLG-1, MitoTracker-stained mitochondria, and colocalization of the red and green FL, respectively. Scale bar = 25 μm. D: Cellular uptake of YLG-1
detected at 0-12 h via incubation with 0.5 μg/mL YLG-1 in vitro. E: SW1990 and Panc-1 cells incubated with 0-0.25 or 0-1.0 μg/mL YLG-1 for 6 h followed by exposure
to 5 or 10 J/cm2 illumination, respectively. The effect of phototoxicity on cell viability was assessed by CCK-8 assay after 24 h. Data are expressed as the mean ± SD
(n = 3). bP < 0.01, cP < 0.001 vs the corresponding group without YLG-1 treatment. YLG-1: (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt; FL:
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to perform YLG-1-PDT was 2 h after IT injection.

effects of PDT. Here, we demonstrated that YLG-1 had
potent PDT effects for use in pancreatic cancer therapy.
The high phototoxic effect of a photosensitizer is an
essential feature for PDT. In our study, we found that
YLG-1 had a broad safe dose up to at least 5 μg/mL in
pancreatic cancer. Due to its high water-solubility, YLG-1
could exert potent phototoxicity in both cells lines at less
2
than 0.5 μg/mL (10 J/cm ). These data indicated that
YLG-1 is a safe and efficient photosensitizer.
It has been widely accepted that PDT-induced cyto
toxicity is attributed to the generation of ROS. Here,
we detected a significant increase in ROS production
at 1 h post-YLG-1-PDT treatment. The crucial role of
ROS in YLG-1-PDT was further confirmed using the
ROS scavenger NAC, which recovered pancreatic can
cer cell viability. Next, we observed the distribution of
YLG-1 in the mitochondria and YLG-1-PDT-induced
apoptosis in pancreatic cancer cells. Because the sub
cellular localization of a photosensitizer can impact its me
chanisms of action, we considered that the mitochondriacaspase pathway was probably involved in the apoptotic
mechanism. It is well known that Bax and cleaved
Caspase-3 (active Caspase-3) are pro-apoptotic proteins
[20-23]
and Bcl-2 is an antiapoptotic protein
. As expected,
Bax and cleaved Caspase-3 expression was significantly
upregulated by YLG-1-PDT, while Bcl-2 expression
exhibited the opposite results. Our data suggested that
YLG-1-PDT could eradicate pancreatic cancer cells by
inducing ROS and promoting apoptosis, accompanied
by an increase in Bax and cleaved Caspase-3 expression
and a decrease in Bcl-2 expression.
The highly hydrophilic properties of a photosensitizer
are a double-edged sword. It can enhance their effi
ciency locally, but it is always accompanied by their rapid
clearance from blood circulation, resulting in lacking
tumor-targeting abilities. As we expected, YLG-1 did
not exhibit tumor-specific accumulation via systemic IP

Growth inhibition of YLG-1-PDT on pancreatic tumors in
vivo

Encouraged by the antitumor effects of YLG-1-PDT in
vitro, mice in the PDT group were treated with 8 mg/kg
YLG-1 by IT injection and exposed to 650 nm laser2
irradiation (100 J/cm ) at 2 h postinjection. Images were
taken at 0-14 d post-PDT to show the dynamic changes.
Tumors treated with YLG-1-PDT gradually became dark,
shrunk within 6 d, and eventually formed a scab by 14
d (Figure 6B). In contrast, tumors in the Con, YLG-1,
and Light groups continued to grow, and there were
no significant differences among the tumor volumes in
the three groups (Figure 6A). The PDT group exhibited
significantly smaller tumors than the Con group during
the 6-14 d posttreatment. Similarly, tumors weights
in the PDT group were significantly lower than those
in the Con group at 14 d posttreatment (Figure 6C).
Tissues from the Con group displayed pleomorphic cell
nuclei, compact tumor cells, and an intact structure. No
remarkable morphological differences were observed
between the YLG-1, Light, and Con groups. However,
cellular swelling, nuclear fragments, and large areas of
necrosis were observed in the PDT group (Figure 6D).
These data further supported the antitumor effects of
YLG-1-PDT on pancreatic neoplasms in vivo.

DISCUSSION
Effective treatment regimens remain an urgent need
for pancreatic cancer due to its poor prognosis. PDT
was demonstrated to inhibit the growth of pancreatic
[16-19]
cancer cells in fundamental and clinical experiments
.
Advancements in EUS have made PDT a feasible clinical
therapy for pancreatic cancer. The development of appro
priate photosensitizers is highly desired to improve the
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Figure 4 (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt-induced photodynamic therapy promotes pancreatic cancer cell apoptosis in
vitro. A: Analysis of apoptosis rate by flow cytometry at 4 h post photodynamic therapy. B: Bcl-2, Bax, and, cleaved Caspase-3 protein levels determined by Western
blot. β-actin was used as an internal reference. Data are expressed as the mean ± SD (n = 3). aP < 0.05, bP < 0.01, and cP < 0.001 vs the Con group. YLG-1:
(17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt; PDT: Photodynamic therapy.
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Figure 5 Biodistribution of (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt in vivo. A: In vivo fluorescence (FL) images and quantitative
evaluation of the Panc-1 tumor-bearing mice at 5, 24, and 48 h post-intraperitoneal (IP) or -intratumoral (IT) injection of (17R,18R)-2-(1-hexyloxyethyl)-2-devinyl
chlorine E6 trisodium salt (YLG-1). Mice listed from left to right were respectively administered with 60, 30, and 8 mg/kg YLG-1 via IP injection and 8 mg/kg YLG-1 by
IT injection. B: In vivo FL image and quantitative analysis of mice at 5 h after IT injection with 30 or 8 mg/kg YLG-1. C: In vivo FL images and quantitative analysis of
mice at 0, 1, 2, and 4 h post-IT injection of 8 mg/kg YLG-1. The FL intensity of YLG-1 in the tumor site was quantified using the same color scale (min = 6.35e8 and
max = 6.31e9). The data are shown as the mean ± SD (n = 3). aP < 0.05, bP < 0.01, and cP < 0.001 vs the corresponding IT injection group. YLG-1: (17R,18R)-2-(1hexyloxyethyl)-2-devinyl chlorine E6 trisodium salt; FL: Fluorescence; IP: Intraperitoneal; IT: Intratumoral.

injection (even up to 60 mg/kg). For photosensitizers
with high water solubility, IT injection might be an appro
priate way to promote their accumulation in tumor
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tissues. Administration via IT injection with only 8 mg/
kg YLG-1 could achieve a strong and long-term FL in
tensity within the tumor area. This suggested that the
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optimal administration route for YLG-1 was IT injection.
Indeed, IT injection is an acknowledged administration
[24-27]
route applied in many studies
. Compared with con
ventional systematic administration, a small amount of
photosensitizer could be effective via IT injection. We
believe that IT injection should be attempted to apply
clinical PDT, especially for hypovascular tumors such
as pancreatic cancer. Inspired by the direct insertion
of an EUS-mediated laser-light catheter into tumors to
[8]
deliver sufficient illumination in pancreatic cancer PDT ,
we proposed that an EUS-guided IT injection method
with a photosensitizer using a puncture needle might
be a feasible and appropriate way for photosensitizer
accumulation in pancreatic tumor tissue. Based on our
experiments, we believe that YLG-1 might be suitable
for superficial, luminal, and hypovascular tumors that
require topical administration, and that YLG-1 might be
a promising photosensitizer in pancreatic cancer PDT.
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Aside from changing the drug delivery route, modifying
YLG-1 is another solution to improve the concentration
[28]
of photosensitizer in tumors. Hu et al developed nano
particles by hierarchically assembling doxorubicin (DOX),
Ce6, and colloidal manganese dioxide (MnO2) with poly
(ε-caprolactone-co-lactide)-b-poly (ethylene glycol)-bpoly (ε-caprolactone-co-lactide) to treat breast cancer,
which enhanced tumor uptake of the photosensitizer
by prolonging its blood circulation. We wonder whether
YLG-1 has the potential to be modified in that way; thus,
more research focused on YLG-1 characteristics should
be performed in the future.
We next demonstrated that YLG-1-PDT significantly
decreased the growth of pancreatic tumors in vivo by
IT administration. The tumors treated with PDT mostly
disappeared at 6 d posttreatment and were significantly
smaller than the untreated group during the 6-14 d.
However, at 14 d posttreatment, the tumors returned,
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the optimal administration of YLG-1 was intratumoral (IT) injection and the best
time to perform PDT was 2 h post IT injection. In accordance with the results in
vitro, YLG-1-PDT potently inhibited the growth of pancreatic cancer cells in a
mouse model. Notably, due to its small and highly soluble nature, YLG-1 lacked
specific tumor-targeting accumulation and had better be applied by topical
administration.

though with much smaller tumor volumes. Therefore,
similar to other anticancer therapies, PDT could leave
behind a significant number of surviving tumor cells, as
cancer cells surrounding the focally treated area were
always subjected to a low dose laser light. The surviving
cells are likely to become the source for relapse and
metastasis. This suggested that multipoint fiber insertion
irradiation or multiple PDT or multimodal regimens were
indispensable for clinical pancreatic neoplasm PDT.
In conclusion, our results demonstrate that YLG-1PDT has a potent antitumor effect on pancreatic cancer
cells via inducing ROS and apoptosis. Although YLG-1
lacks specific tumor-targeting accumulation due to its
small and highly soluble nature, it could contribute to
locally high efficiency via topical delivery. With regard to
the hypovascular characteristics of pancreatic tumors,
IT injection, rather than systemic administration, is the
appropriate drug delivery route. Hence, we assume
that YLG-1 is a potential photosensitizer for pancreatic
neoplasm PDT. To apply YLG-1 in more cancers, further
studies should focus on modifying YLG-1 to target tumor
accumulation.

Research conclusions

YLG-1 is a potential photosensitizer for pancreatic cancer PDT via IT
injection, the mechanisms of which are related with inducing ROS and
promoting apoptosis. Hence, YLG-1-PDT might be a promising component of
multimodality therapy of pancreatic neoplasms.

Research perspectives

Our results demonstrated that YLG-1-PDT had a potent antitumor effect on
pancreatic cancer cells via inducing ROS and apoptosis. Since YLG-1 is lack
of specific tumor-targeting accumulation, it might be suitable for superficial,
luminal, and hypovascular tumors that need topical administration. Thus,
YLG-1 is a promising photosensitizer in pancreatic cancer PDT in terms of
its hypovascular character. In order to apply YLG-1 in more cancers, further
studies should focus on modifying YLG-1 for target tumor accumulation.
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Abstract
AIM
To identify and predict the competing endogenous RNA
(ceRNA) networks in colorectal cancer (CRC) by bioin
formatics analysis.
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METHODS
In the present study, we obtained CRC tissue and normal
tissue gene expression profiles from The Cancer Genome
Atlas project. Differentially expressed (DE) genes (DEGs)
were identified. Then, upregulated and downregulated
miRNA-centered ceRNA networks were constructed by ana
lyzing the DEGs using multiple bioinformatics approaches.
DEmRNAs in the ceRNA networks were identified in Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways
using KEGG Orthology Based Annotation System 3.0.
The interactions between proteins were analyzed using
the STRING database. Kaplan-Meier survival analysis was
conducted for DEGs and real time quantitative polymerase
chain reaction (RT-qPCR) was also performed to validate
the prognosis-associated lncRNAs in CRC cell lines.
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RESULTS
Eighty-one DElncRNAs, 20 DEmiRNAs, and 54 DEmRNAs
were identified to construct the ceRNA networks of CRC.
The KEGG pathway analysis indicated that nine out of
top ten pathways were related with cancer and the most
significant pathway was “colorectal cancer”. Kaplan-Meier
survival analysis showed that the overall survival was
positively associated with five DEGs (IGF2-AS, POU6F2-
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[6]

AS2, hsa-miR-32, hsa-miR-141, and SERPINE1) and it
was negatively related to three DEGs (LINC00488, hsamiR-375, and PHLPP2). Based on the STRING protein
database, it was found that SERPINE1 and PHLPP2
interact with AKT1. Besides, SERPINE1 can interact
with VEGFA, VTN, TGFB1, PLAU, PLAUR, PLG, and PLAT.
PHLPP2 can interact with AKT2 and AKT3. RT-qPCR re
vealed that the expression of IGF2-AS, POU6F2-AS2, and
LINC00488 in CRC cell lines was consistent with the in
silico results.

genes post-transcriptionally by directly binding mRNAs .
LncRNAs are defined as transcripts that range from 200
[7]
nucleotides to multiple kilobases in length . Recent
research has focused on these lncRNAs, which function
as competing endogenous RNAs (ceRNAs) to regulate
gene expression by sponging miRNAs through shared
[8]
miRNA response elements .
In the last few years, with the development of genesequencing technology, dysregulation of lncRNAs has
been revealed in diverse malignancies. Studies have
utilized bioinformatics tools to predict the target genes
of novel lncRNAs, and molecular biology techniques
including real time quantitative polymerase chain re
action (RT-qPCR), silencing technique, and luciferase
reporter gene assays, among others, to validate in silico
predictions. In CRC, the lncRNA UICLM acts as a ceRNA
for hsa-miR-215 to upregulate ZEB2 expression and
[9]
promote CRC progression . Additionally, the lncRNA
HNF1A-AS1 functions as an oncogene in the metastasis
[10]
of CRC by modulating the hsa-miR-34/p53 axis . Final
ly, the lncRNA CASC2 plays a role as a tumor suppressor
[11]
gene by sponging hsa-miR-18a .
The lncRNA/miRNA/mRNA axis is regarded as an
important mechanism in tumor progression and meta
[12]
stasis . However, studies of ceRNA networks of novel
coding and noncoding RNAs in CRC in large cohorts have
not been performed. In our study, we obtained malignant
and normal tissue expression profiles from The Cancer
Genome Atlas (TCGA, http://cancergenome.nih.gov)
[13]
project . CeRNA networks were constructed including
differentially expressed mRNAs (DEmRNAs), differentially
expressed lncRNAs (DElncRNAs), and differentially
expressed miRNAs (DEmiRNAs), which were based on
[14]
the miRcode (http://www.mircode.org/) , miRTarBas
[15]
(http://mirtarbase.mbc.nctu.edu.tw/php/) , TargetScan
(http://www.targetscan.org/), and miRDB (http://
[16]
www.mirdb.org/) databases . Kaplan-Meier survival
curve analysis was performed to identify differentially
expressed genes (DEGs) that are associated with overall
survival.

CONCLUSION
CeRNA networks play an important role in CRC. Multiple
DEGs are related with clinical prognosis, suggesting that
they may be potential targets in tumor diagnosis and
treatment.
Key words: Colorectal cancer; LncRNA; MicroRNA; Overall
survival; Competing endogenous RNA; Bioinformatics
analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We acquired high-throughput data from The
Cancer Genome Atlas database and constructed the com
peting endogenous RNA (ceRNA) networks of colorectal
cancer by bioinformatics analysis, which included 81 dif
ferentially expressed (DE)lncRNAs, 20 DEmiRNAs, and
54 DEmRNAs. Furthermore, 3 lncRNAs, 3 miRNAs, and 2
mRNAs were found associated with overall survival. Our
study revealed that ceRNA networks are important in
colorectal cancer and the prognosis-related genes worth
exploring further.
Liang Y, Zhang C, Ma MH, Dai DQ. Identification and prediction
of novel non-coding and coding RNA-associated competing
endogenous RNA networks in colorectal cancer. World J
Gastroenterol 2018; 24(46): 5259-5270
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5259.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5259

MATERIALS AND METHODS

INTRODUCTION

Sample collection

We downloaded CRC transcriptome profiles from TCGA
through the Genomic Data Commons (GDC) Data Trans
[13]
fer Tool 1.3.0 . The public data included the tissue
expression profiles (derived by RNA-seq) of 644 CRC
tissues and 51 normal tissues (level 3) and 619 CRC and
11 normal tissue expression profiles (level 3) derived
by miRNA-seq. According to the publication guidelines
(2015) provided by TCGA (https://cancergenome.nih.
gov/publications/publicationguidelines), our study does
not require the approval of an ethics committee.

Colorectal cancer (CRC) is one of the most common
[1]
digestive malignancies in the world . With the devel
opment of new technology in CRC diagnosis and treat
ment, the prognosis of patients with early detection has
been improved. However, the overall 5-year survival rate
[2]
in advanced cases remains poor . In the United States,
CRC was the fourth most common malignant tumor, with
[3]
135430 new cases and 50260 deaths in 2017 . There
fore, specific CRC biomarkers and therapeutic pathways
are in great need to improve the prognosis for patients.
Non-coding RNAs, including microRNAs (miRNAs)
and long-noncoding RNAs (lncRNAs), can regulate onco
gene and tumor suppressor gene expression in multiple
[4,5]
ways . MiRNAs are 20-22 nucleotides long and regulate
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Identification of DEGs

We analyzed the RNA-seq data by merging it to an RNA
matrix with PERL software. Then, we converted the gene
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ID to gene name according to Ensembl (Homo sapiens)
(http://asia.ensembl.org/index.html). The miRNA-seq
data were analyzed using the same method. DEmRNAs,
DElncRNAs, and DEmiRNAs were identified with the
edgeR package in R with a threshold log2 fold change
(FC) > 2.0 and P < 0.01. Heat maps of DEGs were
constructed using the gplots package in R.

TM RT reagent Kit (Takara, Otsu, Shiga, Japan). The Kit
contained gDNA Eraser which could remove genomic
DNA. We utilized LightCycler96 (Roche Diagnostic, Basel,
Switzerland) to perform RT-qPCR using SYBR Green
(Takara). The two-step amplification reaction was as
follows: 95 ℃ for 30 s for preincubation, then 45 cycles
of 95 ℃ for 10 s and 60 ℃ for 30 s. GAPDH expression
was used as an endogenous control. Quantitative ana
-ΔΔCt
[20]
lysis was calculated using the 2
method . Primers
were designed as follows: POU6F2-AS2 forward,
5’-ACAGCAGTGCCAGAAGGAGTATTG-3’ and reverse,
5’-GCAGACCTGAGCTTGTGAGTGAC-3’; LINC00488
forward, 5’-GAGCAGCAAGAATGAGAGCAGAGG-3’ and
reverse, 5’-GAATCTGAGGAAGCACCGTGAACC-3’; IGF2AS forward, 5’-TCCACACCAGACAGCACAGACC-3’ and
reverse, 5’-TCCGTGGTTGGCTCCAGGTG-3’; GAPDH
forward, 5’-AGCCACATCGCTCAGACAC-3’ and reverse,
5’-GCCCAATACGACCAAATCC-3’.

Functional analysis and ceRNA network construction

Next, we constructed ceRNA networks that were mapped
by identifying DEGs to an established co-expression data
base (miRcode, miRTarBase, TargetScan, and miRDB).
LncRNA-miRNA-mRNA reactions were split into lncRNAmiRNA and miRNA-mRNA interactions. LncRNA-miRNA
interactions were predicted by comparing DElncRNAs
and DEmiRNAs to the miRcode database. DEmRNAs
regulating genes of DEmiRNAs were identified by inter
secting the predicted results between miRTarBase,
TargetScan, and the miRDB databases. According to the
[12]
ceRNA hypothesis , miRNAs negatively regulate mRNA
expression and lncRNAs act as ceRNAs to limit miRNA
function by sponging them. The networks were visualized
[17]
and mapped using Cytoscape v3.5.1 .
To explore the function of the DEGs in the ceRNA
networks in tumorigenesis and metastasis, KEGG path
[18]
ways
were analyzed using KOBAS (http://kobas.
cbi.pku.edu.cn/), which is a web server that annotates
an input set of genes with pathways based on human
[19]
disease databases . Then, we utilized STRING protein
database v10.5 (http://string-db.org/) to analyze the
protein-protein interactions of the DEGs.

Statistical analysis

All data were analyzed using SPSS 20.0 (Chicago, IL,
United States). Student’s t-test was performed for CRC
cell lines and normal intestinal epithelial cell line com
parisons. Differences with P < 0.05 were regarded as
statistically significant. All experiments were repeated
three times.

RESULTS
Identification of DEGs in CRC

We identified DElncRNAs and DEmRNAs between 644
CRC and 51 normal tissue expression profiles from
TCGA. As a result, we identified 1043 DElncRNAs, 2146
DEmRNAs, and 276 DEmiRNAs using the edgeR pack
age in R. There were 768 up-regulated and 275 downregulated DEGs among the DElncRNAs, and 1198
up-regulated and 948 down-regulated DEGs in the
DEmRNAs. Using the same method, 180 up-regulated
and 96 down-regulated DEmiRNAs were obtained by
comparing 619 CRC and 11 normal tissue expression
profiles. Moreover, we constructed heat maps of the top
DEGs (log2 FC > 5, P < 0.01) in each category using R
(Figures 1-3).

Association analysis between DEGs and CRC patient
survival

We selected CRC adenocarcinoma and adjacent nor
mal tissue expression data and clinical information
from TCGA project. None of the patients received pre
operative treatment. Kaplan-Meier survival analysis and
the log-rank test were performed for DEGs in the ceRNA
networks. P < 0.05 was regarded as statistically signifi
cant.

Cell lines and cell culture

The CRC cell lines HT29, LoVo, and SW480, along with
the normal intestinal epithelial cell line NCM460, were
purchased from the Institute of Biochemistry and Cell
Biology at the Chinese Academy of Sciences, Shanghai,
China. The cell lines were cultured in RPMI 1640 medium
(HyClone, Logan, UT, United States) supplemented
with 10% fetal bovine serum (Gibco, Grand Island, NY,
United States), 100 U/mL penicillin, and 100 μg/mL strep
tomycin. All cells were maintained in an incubator with a
humidified atmosphere of 95% air and 5% CO2 at 37 ℃.

Construction of ceRNA networks

To construct the ceRNA networks, we predicted the inter
actions among DEGs using online bioinformatics tools.
We utilized miRcode to predict the interactions between
DElncRNAs and DEmiRNAs and we also predicted
DEmRNAs targeted by the DEmiRNAs by intersecting
the predictions of miRTarBase, TargetScan, and miRDB
(Figure 4). Ultimately, 81 DElncRNAs, 20 DEmiRNAs,
and 54 DEmRNAs were identified to construct the
ceRNA networks of CRC using Cytoscape (Figure 5). The
interactions among DEGs are shown in Tables 1 and 2.

DElncRNA detection

Total RNA was isolated from the cells using Trizol reagent
(Invitrogen, Carlsbad, CA, United States). The quality
and concentration of isolated RNA were detected with
a NanoDrop 2000 spectrophotometer. Total RNA (800
ng) was converted to cDNA by using the PrimeScript
WJG|https://www.wjgnet.com

Functional analysis of DEmRNAs in ceRNA networks

To better reveal the function of ceRNA networks in
CRC, we subjected the 54 DEmRNAs in the ceRNA net
works to Kyoto Encyclopedia of Genes and Genomes
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Figure 1 Heat map of differentially expressed long-noncoding RNAs (log2 FC > 5, P < 0.01). The above horizontal axis shows clusters of samples. The left
vertical axis shows clusters of differentially expressed long-noncoding RNAs (DElncRNAs) and right vertical axis represents lncRNA names. Red represents upregulated genes and green represents down-regulated genes. The yellow color column represents colorectal cancer; the blue represents normal.
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Figure 2 Heat map of differentially expressed mRNAs (log2 FC > 5, P < 0.01). The above horizontal axis shows clusters of samples. The left vertical axis shows
clusters of differentially expressed mRNAs and right vertical axis represents mRNA names. Red represents up-regulated genes and green represents down-regulated
genes. The yellow color column represents colorectal cancer; the blue represents normal.
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Figure 3 Heat map of differentially expressed microRNAs (log2 FC > 5, P < 0.01). The above horizontal axis shows clusters of samples. The left vertical axis
shows clusters of differentially expressed microRNAs (DEmiRNAs) and right vertical axis represents miRNA names. Red represents up-regulated genes and green
represents down-regulated genes. The yellow color column represents colorectal cancer; the blue represents normal.
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Table 1 Putative differentially expressed long-noncoding RNAs that may target differentially expressed microRNAs
DEmiRNAs
Hsa-miR193b

Hsa-miR-145

Hsa-miR-187

Hsa-miR-150

Hsa-miR-375

Hsa-miR-183
Hsa-miR-98
Hsa-miR-144
Hsa-miR-32

DElncRNAs

DEmiRNAs

DElncRNAs

IGF2-AS, H19, MIR31HG, WT1-AS, MUC19, UCA1,
POU6F2-AS1, TSSC1-IT1, MRPL23-AS1, SPATA13AS1, HOTAIR, WASIR2, DLX6-AS1, CRNDE, MALAT1,
KCNQ1OT1
SHANK2-AS3, WT1-AS, MUC19, ST7-AS2, MRPL23AS1, FAM155A-IT1, FAM41C, MIR205HG, DLX6-AS1,
OSBPL10-AS1, ERVH48-1, CRNDE, PVT1, LINC00491,
MALAT1, NKX2-1-AS1, KCNQ1OT1, AL139147.1, ITCHIT1, LINC00452
SHANK2-AS3, MUC19, BTBD9-AS1, LINC00452, FAM41C,
ATP11A-AS1, ERVH48-1, POU6F2-AS2, ARHGEF26-AS1,
PVT1
IGF2-AS, C2orf48, SHANK2-AS3, C15orf54, HECW1IT1, LINC00523, MUC19, ST7-OT4, CLDN10-AS1, TSSC1IT1, MRPL23-AS1, BTBD9-AS1, LINC00355, LMO7-AS1,
HOTAIR, MIR205HG, WASIR2, DLX6-AS1, LINC00460,
LATS2-AS1, BOK-AS1, DSCAM-AS1, CAMTA1-IT1, PVT1,
LINC00491, HULC, MALAT1, C8orf49, KCNQ1OT1,
AL139147.1, AL391421.1
C15orf54, C17orf77, WT1-AS, MUC19, STEAP2-AS1, LMO7AS1, HOTAIR, OSBPL10-AS1, POU6F2-AS2, MACROD2AS1, DLEU7-AS1, MALAT1, C8orf49, KCNQ1OT1,
AL139147.1
C20orf166-AS1, AL360004.1, FAM95B1, CHL1-AS2,
ADAMTS9-AS2, LINC00507
LINC00488, FAM95B1, AC110491.1, JAZF1-AS1,
LINC00484, ADAMTS9-AS2, PWRN1
AL360004.1, AC010336.2, LINC00488, ADAMTS9-AS1,
ADAMTS9-AS2, LIFR-AS1, LINC00461, PWRN1
JAZF1-AS1, LINC00484, ADAMTS9-AS2, ARHGEF26-AS1

Hsa-miR-182

AC009336.1, C5orf64, AL360004.1, AC010336.2, SFTA1P,
LINC00402, RBMS3-AS3, ADAMTS9-AS2, LIFR-AS1, FRMD6AS2

Hsa-miR-206

LINC00488, FAM95B1, LINC00092, SFTA1P, LINC00163,
LINC00484, AL138995.1, LIFR-AS1, FRMD6-AS2

Hsa-miR-106a C20orf166-AS1, AC010336.2, HCG23, JAZF1-AS1, LINC00484,
ADAMTS9-AS2, ARHGEF26-AS1, LIFR-AS1, LINC00461,
LINC00507

Hsa-miR-152 C5orf64, AL360004.1, FAM95B1, LINC00484, ADAMTS9-AS2

Hsa-miR-338

GRIK1-AS1, C5orf64, AC010336.2, LINC00473, FAM95B1,
AC110491.1, LINC00402, LINC00484, ADAMTS9-AS2,
LINC00461, FRMD6-AS2, PWRN1

Hsa-miR-17

C20orf166-AS1, C5orf64, AC010336.2, HCG23, JAZF1-AS1,
LINC00402, ARHGEF26-AS1

Hsa-miR-424

C5orf64, AL360004.1, LINC00473, LINC00092, SFTA1P,
LINC00484, LINC00461, PWRN1
C5orf64, AL360004.1, LINC00488, JAZF1-AS1, ADAMTS9AS1, ARHGEF26-AS1, PWRN1
C20orf166-AS1, ADAMTS9-AS1, ADAMTS9-AS2

Hsa-miR-21
Hsa-miR-454
Hsa-miR-141

C5orf64, AC010336.2, FAM95B1, AC110491.1, LINC00402,
LINC00484, ADAMTS9-AS2, ARHGEF26-AS1, LINC00461
Hsa-miR-372 C20orf166-AS1, AC010336.2, HCG23, JAZF1-AS1, LINC00484,
ADAMTS9-AS2, ARHGEF26-AS1, LIFR-AS1, LINC00461

DElncRNAs: Differentially expressed long-noncoding RNAs; DEmiRNAs: Differentially expressed microRNAs.

miRDB

“Proteoglycans in cancer”, “miRNAs in cancer”, “Thyroid
cancer”, “Transcriptional misregulation in cancer”,
“Pathways in cancer”, and “Wnt signaling pathway”.
These results indicate that ceRNA networks play impor
tant roles in the carcinogenesis and progression of CRC.

TargetScan

102

13

87

DEGs related with prognosis of CRC patients

54
18

We preformed Kaplan-Meier curve analysis to identify
the DEGs in the ceRNA networks that are related to
overall survival. The results showed that 3 DElncRNAs
(IGF2-AS, POU6F2-AS2, and LINC00488), 3 DEmiRNAs
(hsa-miR-32, hsa-miR-141, and hsa-miR-375), and 2
DEmRNAs (PHLPP2 and SERPINE1) were associated
with the clinical prognosis of patients. The Kaplan-Meier
curves showed that the lncRNAs IGF2-AS and POU6F2AS2, as well as hsa-miR-32, hsa-miR-141, and serpin
peptidase inhibitor, clade E member 1 (SERPINE1) were
negatively correlated with overall survival, whereas
LINC00488, hsa-miR-375, and PH domain and leucine
rich repeat protein phosphatase 2 (PHLPP2) were
positively correlated with overall survival (Figure 6).
The ceRNA networks illustrated that PHLPP2 may be
regulated by hsa-miR-32 and hsa-miR-141. Interestingly,
PHLPP2 as well as hsa-miR-32 and hsa-miR-141 has
been previously related to patient prognosis. We used

24

164

miRTarBase

Figure 4 Consensus target genes of differentially expressed microRNAs.
The target genes of the differentially expressed microRNAs were predicted with
three online databases (TargetScan, miRDB, and miRTarBase).

(KEGG) pathway analysis using KEGG Orthology Based
Annotation System (KOBAS) 3.0, and the top ten KEGG
pathways are shown in Table 3. There were nine path
ways related to cancer, including “Colorectal cancer”,
“p53 signaling pathway”, “Chronic myeloid leukemia”,
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Table 2 Putative differentially expressed microRNAs that may target differentially expressed mRNAs
DEmiRNAs

DEmRNAs

Hsa-miR-193b
Hsa-miR-145
Hsa-miR-187
Hsa-miR-375
Hsa-miR-150
Hsa-miR-183
Hsa-miR-98
Hsa-miR-144
Hsa-miR-182
Hsa-miR-152
Hsa-miR-454
Hsa-miR-106a
Hsa-miR-372
Hsa-miR-17
Hsa-miR-424
Hsa-miR-21
Hsa-miR-32
Hsa-miR-141
Hsa-miR-338
Hsa-miR-206

PLAU, PMAIP1, TCF7, CCND1, SHMT2
SERPINE1, SOX2, MUC1, YES1
LYN, RNPS1, MYLIP
TRIM66, USP1, TGFB2, COL12A1, CBX3, SP1
CBL, ZEB1, HILPDA, SLC7A11, DACH1, EREG, IGF2BP3, KIAA1549, MYB
KIF5C
HAND1
CRIK3
CHL1, FOXF2, TCEAL7, NPTX1
NPTX1, BMP3, KLF4
RBM20, CFL2
CFL2, FAM129A, CADM2
TMEM100, CADM2,
SLC16A9, CYBRD1, KLF4, CADM2, FAM129A
TPM2, TMEM100
ATP2B4, EDIL3, OSR1
UGP2, PBLD, PHLPP2, ATP2B4
ELAVL4, EPHA7, PHLPP2
NOVA1
SFRP1

Table 3 Top 10 Kyoto Encyclopedia of Genes and Genomes pathways enriched by the differentially expressed mRNAs involved in
competing endogenous RNAs networks
Description

P value

Gene name

Colorectal cancer
p53 signaling pathway
Chronic myeloid leukemia
Proteoglycans in cancer
MicroRNAs in cancer
Thyroid cancer
Signaling pathways regulating pluripotency of stem cells
Wnt signaling pathway
Transcriptional misregulation in cancer
Pathways in cancer

8.18E-05
1.11E-04
1.30E-04
1.52E-04
6.20E-04
7.31E-04
8.67E-04
8.84E-04
1.69E-03
1.74E-03

TCF7, CCND1, TGFB2
SERPINE1, CCND1
CCND1, CBL, TGFB2
CCND1, CBL, TGFB2, PLAU
ZEB1, CCND1, PLAU, TGFB2
TCF7, CCND1
SOX2, KLF4, HAND1
TCF7, CCND1, SFRP1
SP1, PLAU, ZEB1
TCF7, CCND1, CBL, TGFB2

Pathway ID
hsa05210
hsa04115
hsa05220
hsa05205
hsa05206
hsa05216
hsa04550
hsa04310
hsa05202
hsa05200

CHL1-AS2

KIF5C

HAND1
SFR1

AL138995.1

hsa-miR-98

hsaNOVA1

LINC00163

LINC00092
SFTA1P

AC110491.1

LINC00488
ADAMTS9-AS1

FAM95B1

PWRN1 ADAMTS9-AS2
LIFR-AS1
C5orf64

LINC00473

ELAVL4
EPHA7

AL360004.1
LINC00484

hsa-miR-141
UGP2

AC010336.2

PBLD

C20orf166-AS1

hsa-miR-32
LINC00403LINC00461

PHLPP2

ARHGEF26-AS1

hsa-miR-21

hsa-

GDNF-AS1

SLC16A9 CYBRD1 HCG23

CCND1

UCA1
SOX2
POU6F2-AS1
SERPINE1
H19
hsa-miR-182
ST7-AS2
SPATA13-AS1
MIR31HG
NKX2-1-AS1MUC1
TCEAL7 PMAIP1
CRNDE
NPTX1
hsa-miR-193b SHANK2-AS3
SHMT2
BMP3
hsa-miR-145 FAM155A-IT1
CBL
KCNQ1OT1
TSSC1-IT1
WASIR2
YES1
hsa-miR-152
MRPL23-AS1
ZEB1 LINC00523
MIR205HG
ERVH48-1 FAM41C
IGF2-AS
BOK-AS1
WT1-AS
DLX6-AS1 LINC00491
ATP11A-AS1
HILPDA CLDN10-AS1
MUC19
RBM20
LYN
hsa-miR-187
HOTAIR
hsa-miR-454
MALAT1
AL391421.1
LINC00452
LMO7-AS1
RNPS1
SLC7A11
CFL2

FAM129A
CADM2

TPM2

TCF7
PLAU

FOXF2

hsa-miR-372
TMEM100
hsa-

OSR1

AC009336.1
RBMS3-AS3 CHL1

hsa-miR-106a
LINC00507

JAZF1-AS1

ATP2B4
EDIL3

GRIK3
hsa-miR-144

FRMD6-AS2

hsa-miR-338
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hsa-
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PVT1
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C15orf54
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Figure 5 CeRNA networks of long-noncoding RNA-microRNA-mRNA in colorectal cancer. The red represents the upregulated and the blue represents
downregulated. Diamonds represent long-noncoding RNAs, balls represent mRNAs, and rectangles represent microRNAs.
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Figure 6 Kaplan-Meier curves for the 3 long-noncoding RNAs, 3 microRNAs, and 2 mRNAs that are associated with overall survival in colorectal cancer.
The differentially expressed genes were ranked by the median of expression and then scored for each colorectal cancer patient in accordance with high or low-level
expression (horizontal axis: overall survival time; vertical axis: survival function).

RT-qPCR to detect the expression levels of IGF2-AS,
POU6F2-AS2, and LINC00488 in CRC cell lines (HT29,
LoVo, and SW480) and in a normal intestinal epithelial
cell line (NCM460). We found that the expression of IGF2AS and POU6F2-AS2 was significantly increased in CRC
cell lines. Conversely, LINC00488 was downregulated in
CRC cell lines compared with NCM460 (Figure 8).

the STRING protein database to analyze the proteinprotein interactions of SERPINE1 and PHLPP2. The results
revealed that SERPINE1 and PHLPP2 interact with V-akt
murine thymoma viral oncogene homolog 1 (AKT1).
Moreover, SERPINE1 can interact with several proteins
including vascular endothelial growth factor A (VEGFA),
vitronectin (VTN), transforming growth factor, beta 1
(TGFB1), plasminogen activator, urokinase (PLAU), plasm
inogen activator, urokinase receptor (PLAUR), plasm
inogen (PLG), and plasminogen activator, tissue (PLAT).
Additionally, PHLPP2 can interact with AKT2 and AKT3
(Figure 7).

DISCUSSION
The role of ceRNAs in tumorigenesis and development
[21]
has remained controversial . However, many studies
have revealed the regulatory function of ceRNA networks
in proliferation, invasion, metastasis, and epithelialmesenchymal transition (EMT). This urgently requires
the establishment of a comprehensive regulatory net

Expression of IGF2-AS, POU6F2-AS2, and LINC00488 in
cell lines

To further confirm our in silico results, we performed
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been found in G3/G4 CRC cells, which may be a predictor
[29]
of CRC invasiveness, progression, and overall survival .
PHLPP2, a protein phosphatase, is an isoform of PHLPP.
PHLPP2 negatively regulates RAF/MEK/ERK signaling by
directly inhibiting RAF1 activity to inhibit the progression
[30]
[31]
[32]
of cancer . Li et al and Liao et al reported that hsamiR-938 and hsa-miR-224 repressed PHLPP2 expression
in CRC. In the ceRNA networks identified here, our
prediction showed that PHLPP2 is targeted by hsamiR-141, hsa-miR-32, and hsa-miR-424. We noted that
the hsa-miR-141/PHLPP2 and hsa-miR-32/PHLPP2 axis
in ceRNA networks may be a diagnostic biomarker and a
therapeutic target for the treatment of CRC.
In the present study, 1043 DElncRNAs were detected
in 644 CRC tissues compared to 51 normal tissues.
Among them, 3 DElncRNAs (IGF2-AS, POU6F2-AS2,
and LINC00488) were related to the prognosis of CRC.
The lncRNA IGF2-AS is an antisense lncRNA for IGF2,
and has been validated to promote hepatitis C virus
[33]
replication . In our work, IGF2-AS may regulate target
genes by competitive sponging against hsa-miR-150
and hsa-miR-193b. The lncRNA POU6F2-AS2 has been
demonstrated to be overexpressed in esophageal squa
mous cell cancer, which can directly target the Ybx pro
[34]
tein and protect cancer cells from ionizing radiation .
We predicted that hsa-miR-375 interacts with POU6F2AS2, which is related with clinical prognosis. Additionally,
hsa-miR-375 is related to overall survival. The POU6F2AS2/hsa-miR-375 axis may be another crucial diagnosisrelated target. However, little is known about LINC00488.
To confirm the expression levels of these three lncRNAs,
we performed RT-qPCR in CRC cell lines. The results were
consistent with the in silico analysis results. Additionally,
little is known about the functions of IGF2-AS, POU6F2AS2, and LINC00488 in CRC. Thus, additional research
is needed to explore the biological and molecular mecha
nisms of these DElncRNAs in CRC.
In summary, we analyzed the expression profiles
of CRC samples from TCGA and constructed ceRNA
networks of the DEGs. KEGG pathway analysis further
confirmed the role of these ceRNA networks in the
development of CRC. Moreover, we identified several
DEGs that were related to clinical prognosis, and the
expression of IGF2-AS, POU6F2-AS2, and LINC00488
was validated using RT-qPCR in cell lines. Our study
deepens our understanding of ceRNA networks and pro
vides potential therapeutic targets and prognosis-related
biomarkers for further research.

PLAU

TGFB1

VEGFA

PLAUR

SERPINE1

PLAT

VTN
AKT3

AKT1

PHLPP2
AKT2

Figure 7 Protein-protein interactions of PHLPP2 and SERPINE1.
The STRING protein database was utilized to analyze the protein-protein
interactions of SERPINE1 and PHLPP2.

work based on a large sample size of whole genome
sequences. By constructing regulatory networks, we can
better clarify the role of ceRNAs and provide direction for
further research.
In this study, we integrated lncRNA, miRNA, and
mRNA high-throughput data from TCGA and constructed
ceRNA networks. KEGG pathway analysis of DEmRNAs
indicated that ceRNA networks may regulate CRC pro
gression via multiple mechanisms. It is noteworthy that
“Colorectal cancer” was the most significant pathway in
which transcription factor 7 (TCF7), cyclin D1 (CCND1),
and transforming growth factor, beta 2 (TGFB2) are
involved. TCF7 is a critical signaling molecule in the
WNT/β-catenin pathway, which belongs to the TCF/LEF1
[22]
family . The WNT/β-catenin pathway is recognized as a
key regulator in cancer by transcriptionally activating a va
[23]
riety of oncogenes including CCND1 . CCND1 has been
validated as an oncogene in CRC, and it regulates the
[24]
cell cycle transition from the G1 phase to the S phase .
[25]
Chen et al showed that TGFB2 induces CRC migration,
metastasis, and the EMT by promoting SNAIL and SLUG
expression.
To identify novel prognosis-related biomarkers, we
applied Kaplan-Meier curve analysis to identify DEGs
in ceRNA networks that correlated with clinical fea
tures among CRC patients. Ultimately, we detected
3 DEmiRNAs (hsa-miR-32, hsa-miR-141, and hsamiR-375), and 2 DEmRNAs (PHLPP2 and SERPINE1)
[26]
that may be indicators of prognosis. Wu et al showed
that hsa-miR-32 promoted CRC growth, migration, and
[27]
invasion by downregulating PTEN. Feng et al revealed
that hsa-miR-141 may act as a biomarker for the early
detection of recurrence during CRC surveillance. Cui et
[28]
al
found that hsa-miR-375 acts as an anti-oncogene
through the inhibition of SP-1, BCL-2, and other EMTassociated genes. Increased SERPINE1 expression has
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Research background

With the development of high-throughput technology, dysregulation of noncoding genes has been revealed in colorectal cancer (CRC). Furthermore,
accumulating studies have demonstrated that long-noncoding RNAs (lncRNAs)
function as competing endogenous RNAs (ceRNAs) to regulate oncogene and
tumor suppressor gene expression by sponging microRNAs (miRNAs). In the
present research, we constructed and analyzed the ceRNA networks and found
the prognosis-related differentially expressed genes (DEGs) by bioinformatics
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Figure 8 IGF2-AS, POU6F2-AS2, and LINC00488 expression levels in colorectal cancer cell lines. The expression of the three long-noncoding RNAs in HT29,
LoVo, and SW480 and normal intestinal epithelial cell line NCM460 was detected by RT-qPCR and GAPDH was used as an internal control. aP < 0.01.
biomarkers and therapeutic targets for CRC. However, much more work is
needed to reveal the function and mechanism of prognosis-related DEGs in the
future.

analysis.

Research motivation

CRC is one of the most common malignancies in the world and the prognosis
of patients in advanced stage remains poor. Therefore, specific biomarkers and
novel therapeutic strategies are urgently required to improve the diagnosis and
prognosis for CRC patients.
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Core tip: Lusutrombopag is an oral, small-molecule th
rombopoietin receptor agonist used for the treatment of
thrombocytopenic patients with chronic liver diseases.
However, the response to this drug is unpredictable. The
study aimed to assess the correlation between the clinical
characteristics of patients with chronic liver disease and
the efficacy of lusutrombopag treatment. Splenic volume
influences the change in platelet counts after admini
stration of lusutrombopag in patients with chronic liver
disease. Splenic volume increase is negatively related to
changes in the platelet count.
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Abstract

Uojima H, Arase Y, Itokawa N, Atsukawa M, Satoh T, Miyazaki
K, Hidaka H, Sung JH, Kako M, Tsuruya K, Kagawa T, Iwakiri
K, Horie R, Koizumi W. Relationship between response to
lusutrombopag and splenic volume. World J Gastroenterol 2018;
24(46): 5271-5279
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5271.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5271

AIM
To assess the correlation between the efficacy of lusutrom
bopag and clinical characteristics in patients with chronic
liver disease.
METHODS
In this retrospective, multicenter study, which conducted
at four locations in Japan, 50 thrombocytopenic patients
with chronic liver disease were enrolled. All patients re
ceived oral lusutrombopag (3.0 mg/d for 7 d) for chronic
liver disease. We assessed the increase in platelet
count after the trial drug administration. A treatment
4
response was defined as a platelet count ≥ 5 × 10 /μL
4
and an increased platelet count ≥ 2 × 10 /μL from
baseline after drug administration. We evaluated the re
sponse to lusutrombopag compared to baseline clinical
characteristics in patients with chronic liver disease.

INTRODUCTION
Thrombocytopenia is a common complication of end[1,2]
stage liver disease that leads to portal hypertension .
Severe thrombocytopenia can significantly increase a
patient’s risk of bleeding, especially during surgery or
[3]
other invasive procedures . Some cirrhotic patients with
severe thrombocytopenia require blood transfusions prior
[4]
to an invasive surgery . However, platelet transfusion
poses some risks, such as bacterial contamination, severe
[5]
allergic reaction, and alloimmunization to platelets .
Therefore, to minimize the administration of transfusion,
additional methods for reducing the incidence of bleeding
events in thrombocytopenic patients are required.
Lusutrombopag is an oral, small-molecule thrombo
poietin (TPO) receptor agonist (TPO-RA) used for the
treatment of thrombocytopenic patients with chronic liver
disease. This new drug promotes thrombopoiesis via
the human TPO receptor on the surface of bone marrow
[6]
cells . TPO production is dependent on functional liver
cells, and TPO in the peripheral blood in advancedstage liver disease severely is reduced. Therefore, pa
tients with inadequate TPO production due to chronic
liver disease are the principal targets of treatment with
[7]
lusutrombopag .
However, the response to this drug is unpredictable,
assuming that the drug may exert more dramatic effects
in patients with thrombocytopenia associated with severe
liver disease prior to invasive surgery. Therefore, the
study aimed to assess the correlation between the clinical
characteristics of patients with chronic liver disease and
the efficacy of lusutrombopag treatment.

RESULTS
The numbers of responders and non-responders were
40 (80.0%) and 10 (20.0%), respectively. The patients
were divided into a responder and non-responder group,
and we added factors that may correspond to successful
treatment with lusutrombopag. Splenic volume and body
weight were lower in the responder group than in the nonresponder group. White blood cell count and hemoglobin
level were higher in responders compared with nonresponders. Using a logistic regression model to assess
the relationship between response to lusutrombopag and
clinical characteristics, multivariate analysis confirmed that
splenic volume was an independent factor that predicted
the response of platelet counts (P = 0.025; odds ratio =
11.2; 95% confidence interval: 1.354-103.0). Splenic vo
lume negatively correlated to changes in platelet count (r
= -0.524, P = 0.001).
CONCLUSION
Splenic volume influences the change in platelet counts
after administration of lusutrombopag in patients with
chronic liver disease.
Key words: Lusutrombopag; Portal hypertension; Splenic
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A

trial drug. Laboratory tests included: Platelet count,
hemoglobin, white blood cell count, percent prothrombin
time, aspartate aminotransferase (AST), alanine amino
transferase (ALT), total protein level, albumin, blood urea
nitrogen, creatinine, total bilirubin, HbA1c, α-fetoprotein
(AFP), and protein induced by vitamin K absence-II
(PIVKA-II). Two non-invasive fibrosis markers and an
algorithm-based score model were calculated as follows:
(1) AST to platelet ratio index (APRI): APRI = [AST (/35
3
IU/L)/platelets (10 /μL)] × 100; (2) Fibrosis 4 (FIB-4)
index: FIB-4 = [AST (IU/L) × Age (years)]/[ALT (IU/L) ×
3
platelets (10 /μL)]; (3) Model for end-stage liver disease
(MELD): MELD = 3.78 × loge [serum bilirubin (mg/dL)]
+ 11.2 × loge [PT-INR] + 9.57 × loge [serum creatinine
(mg/dL)] + 6.43. Calculation of splenic volume, portal
vein diameter, and splenic vein diameter in patients
with chronic liver disease was conducted via abdominal
computed tomography (CT) on a multidetector scanner
during a 6-mo period. After image acquisition, the data
were transferred to an image processing workstation.
Five-millimeter slices from enhanced CT images of the
entire spleen were obtained and outlined using a semiautomatic segmentation technique by an experienced
radiological technologist. Volume software on the work
station computer were used to calculate the total splenic
volume by adding the slice thickness to determine the
[8]
volume for each section of the spleen (Figure 1).

B

Figure 1 Axial computed tomography section (A) and reconstructed 3-D
image (B) of the spleen. The volume measurement was performed using
virtual organ computer-aided analysis on enhanced computed tomography in an
enrolled patient with splenomegaly. The total volume was 1212 mL calculated
using the software.

MATERIALS AND METHODS
Ethics

This study was approved by the Institutional Review
Board Ethics Committee at all four institutes. This study
is registered in the UMIN Clinical Trials Registry as UMIN
000031354.

Populations

This multicenter retrospective study was conducted at
four locations in Japan. Enrollment commenced in Feb
ruary 2015 and ended at the end of March 2018. This
study enrolled thrombocytopenic patients, who received
oral lusutrombopag (3.0 mg/d for 7 d), and from whom
blood samples to analyze changes in platelet counts
were collected on days 1, 5, 12 (or the maximum count),
and 28, according to the manufacturer’s prescription
guidelines. The enrolled thrombocytopenic patients had
chronic liver disease, which was composed of either
cirrhosis or non-cirrhosis. Cirrhosis in these patients
were caused by hepatitis C, hepatitis B, alcoholic or nonalcoholic steatohepatitis, primary biliary cholangitis,
and autoimmune hepatitis. Non-cirrhotic patients were
composed of patients with idiopathic portal hypertension,
Budd-Chiari syndrome, or an extrahepatic portal venous
obstruction. The diagnosis of cirrhotic and non-cirrhotic
diseases was based on laboratory results and imaging
tests that revealed a hepatic cirrhotic appearance,
gastroesophageal varices, ascites, splenomegaly, portal
vein obstruction, and/or portal collateral circulation. Liver
biopsy was not performed for any of the patients with
liver cirrhosis because of the high risk of life-threatening
complications. Any patients with hematologic disease,
past history of thromboembolism, who underwent blood
or platelet transfusions in the previous 2 wk, or those
who had changes in their doses of conventional drugs
were excluded.

Evaluation of treatment response and safety
assessments

We investigated an increase in platelet count after the
trial drug administration. We evaluated the response
to lusutrombopag compared to baseline clinical charac
teristics in patients with chronic liver disease. According
to a phase 3 trial, a treatment response was defined as
4
a platelet count ≥ 5 × 10 /μL with an increased platelet
4
count ≥ 2 × 10 /μL from baseline after drug admini
[6-9]
stration .
We also evaluated adverse events at each visit.
The data on all adverse events was collected from the
start of the administration to up to 90 d after the first
dosing. The severity of any adverse events was graded
using CTCAE (Common Terminology Criteria for Adverse
Events), version 4.0.

Statistical analysis

Our estimated response rate in thrombocytopenic pa
[9]
tients was 83% based on previous studies . With an
alpha of 0.05 and power of 80%, 50 patients were
required for this trial. Data were analyzed using the SPSS
v.24.0 software package (IBM Corp., Armonk, NY, United
States). All data are expressed as mean and standard
deviation (SD). Continuous variables in the responder
and non-responder groups were compared using the
unpaired t-test. The paired t-test was used to compare
paired data. Correlations between the changes in platelet
count and clinical characteristics were determined using
Pearson’s r coefficient. Receiver operating characteristic

Clinical parameters

General characteristics, demographic information, pro
cedures, and all laboratory data, except for serological
data, were obtained during the administration of the
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1.20-1.81 m). Forty-eight (96.0%) patients had liver
cirrhosis caused by hepatic viruses (n = 21) and nonhepatic viruses (n = 27). The mean platelet count was
4
4
4.48 ± 1.07 × 10 /μL (range, 3-7 × 10 /μL), albumin was
3.46 ± 0.54 g/dL (range, 2.2-4.5 g/dL), serum creatinine
was 0.82 ± 0.21 mg/dL (range, 0.49-1.61 dL), AST was
47.4 ± 25.6 IU/L (range, 15-133 IU/L), total bilirubin was
1.41 ± 0.83 g/dL (range, 0.6-4.9 g/dL), and AFP was
33.4 ± 82.7 ng/mL (range, 2-479 ng/mL). According to
non-invasive fibrosis markers and an algorithm-based
score model, the mean MELD score was 7.26 ± 3.05
(range, 2-16), APRI was 31.3 ± 17.3 (range, 11-80),
and the FIB-4 index was 12.4 ± 5.49 (range, 4.51-25.7).
The numbers and proportions of invasive procedures in
radiofrequency ablation, interventional radiology, and
endoscopic therapy were 14 (28%), 10 (20%), and 22
(44%), respectively.

a
c
14

b

10

4

Platelet count (10 /μL)

12

8
6
4
2
0

Baseline

Day 5

Day 12
(or Max)

Day 28

Statistic analysis: Paired t test

a

P < 0.05
P < 0.01
c
P < 0.001
b

Clinical effect

Figure 2 Mean changes in platelet count in all patients with splenomegaly
treated with 3.0 mg/d lusutrombopag for 7 d. Data are expressed as the
mean ± SD. The paired t-test was used to compare paired data. Max: The
maximum count.

The numbers and proportions of patients in the re
sponder and non-responder groups were 40 (80%)
and 10 (20%), respectively. After treatment with oral
lusutrombopag for all enrolled patients, a significant
increase was observed in the mean platelet count from
4
4.49 ± 1.03 × 10 /μL pre-treatment to 9.13 ± 3.50 ×
4
10 /μL post-treatment. Changes in platelet counts on
days 5, 12, and 28 were 1.16, 4.64, and 1.02 (P = 0.001,
P < 0.001, and P = 0.003, respectively) (Figure 2). All
patients had sufficient platelet counts (platelet count ≥
4
4
5 × 10 /μL) except 2 patients (platelet count < 5 × 10 /
μL) who received blood transfusions prior to an elective
invasive procedure. After the invasive procedures, there
were no instances of spontaneous bleeding.

(ROC) curves were constructed to establish sensitivityspecificity relationships. Univariate and multivariate
analyses with logistic regression models were used to
calculate the odds ratios (OR) and 95% confidence inter
vals (CI) to assess the correlation between response
and clinical characteristics. We categorized patients into
two groups by each variable using a median value. Va
riables that achieved statistical significance (P < 0.05) or
marginal significance (P < 0.15) on univariate analysis
were entered into a multivariate Cox proportion hazard
model to identify significant independent factors. All dif
ferences with a P-value < 0.05 were considered statisti
cally significant. The statistical methods of this study had
been reviewed by the Institute of Biomedical Research,
Sapporo Higashi Tokushukai Hospital, Hokkaido, Japan.

Thrombocytopenic patients receiving blood transfusions

In the non-responder group (n = 10), 2 patients re
ceived platelet transfusion prior to an elective invasive
procedure. One patient was a woman with HCV-related
liver cirrhosis, and the splenic volume was 890 mL. Her
pre-treatment, post-treatment, and post-platelet trans
4
fusion platelet counts were 4.1, 5.5, and 6.5 × 10 /μL,
respectively. Another patient was a man with HBV-re
lated liver cirrhosis, and the splenic volume was 1720
mL. His platelet counts pre-treatment, post-treatment,
and post-platelet transfusions were 4.0, 4.8, and 5.2 ×
4
10 /μL, respectively.

RESULTS
Participating patients

A total of 59 patients were treated with lusutrombopag
from February 2015 through March 2018 in the four
study centers. Of these, 6 patients did not meet the
above inclusion criteria (3 patients received an insufficient
dose of the trial drug during the period of the study, 2
patients had a change in the doses of their conventional
drugs, and 1 patient received a platelet transfusion before
day 12). When we assessed the remaining 53 patients
for eligibility, 3 patients were excluded because of mis
sing data regarding their splenic volume and/or their
blood samples. The data of the remaining 50 patients are
summarized in Table 1. The mean age was 65.9 ± 10.2
years (range, 48-83 years), 34 (68.0%) patients were
male, and 26 (52.0%) patients had liver cancer. The
mean body weight was 64.7 ± 12.1 kg (range, 46.5-93.0
kg), and the mean height was 1.63 ± 0.10 m (range,
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Clinical characteristics of responders

Splenic volume was significantly lower in responders
compared with non-responders (653.0 ± 267 mL vs
1,092 ± 314 mL, P < 0.0001) (Table 1). Body weight
was lower in the responder group compared to the nonresponder group (63.0 ± 11.3 kg vs 71.6 ± 13.4 kg,
P = 0.044). White blood cell and hemoglobin counts
were higher in the responder group than in the non-re
sponder group (3330 ± 1051/μL vs 2480 ± 681/μL, P =
0.020, and 12.4 ± 1.84 g/dL vs 10.7 ± 2.82 g/dL, P =
0.026, respectively). Furthermore, the responder group
had slightly more males than females (P = 0.138). No
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Table 1 Baseline clinical characteristics

n
Age (yr)
Gender: Male, n (%)
Height (m)
Weight (kg)
Body mass index (kg/m2)
Etiology (n)
Cirrhotic/Non-cirrhotic
HCV/HBV/Alcohol/Non-viral
IPH/EHO
Child-Pugh
MELD
Liver cancer, n (%)
Splenic volume (mL)
Spleen vein diameter (mm)
Portal diameter (mm)
Procedure: RFA/IVR/Endoscopy/Others (n)
APRI
FIB-4 index
White blood cells (/μL)
Hemoglobin (g/dL)
Platelets (× 104/μL)
Prothrombin time (%)
Total protein (g/dL)
Serum albumin (g/dL)
BUN (mg/dL)
Serum creatinine (mg/dL)
AST (IU/L)
ALT (IU/L)
Total bilirubin (g/dL)
HbA1c (%)
Ammonia (μg/dL)
AFP (ng/mL)
PIVKA- Ⅱ (mAU/mL)

All

Responder

Non-responder

50
65.9 ± 10.2
34 (68.0)
1.63 ± 0.10
64.7 ± 12.1
24.5 ± 3.92

40
66.2 ± 10.2
25 (63.9)
1.62 ± 0.11
63.0 ± 11.3
24.3 ± 4.10

10
64.7 ± 10.4
9 (90.0)
1.64 ± 0.08
71.6 ± 13.4
25.2 ± 3.25

48/2
15/6/15/12
1/1
6.94 ± 1.57
7.26 ± 3.05
26 (52.0)
741 ± 325
10.8 ± 3.60
12.6 ± 3.45
14/10/22/4
31.3 ± 17.3
12.4 ± 5.49
3149 ± 1039
12.0 ± 2.14
4.48 ± 1.07
66.7 ± 12.5
7.00 ± 0.70
3.46 ± 0.54
15.8 ± 5.76
0.82 ± 0.21
47.4 ± 25.6
36.7 ± 22.9
1.41 ± 0.83
5.98 ± 1.15
66.7 ± 42.0
33.4 ± 82.7
48.1 ± 68.4

39/1
13/4/11/11
1/0
6.98 ± 1.62
7.02 ± 2.98
22 (55.2)
653 ± 267
10.3 ± 3.47
12.3 ± 3.46
12/8/18/2
31.7 ± 15.6
12.8 ± 5.65
3330 ± 1051
12.4 ± 1.84
4.50 ± 1.12
67.1 ± 11.6
7.02 ± 0.69
3.39 ± 0.53
15.5 ± 5.53
0.80 ± 0.20
48.4 ± 23.2
37.5 ± 21.3
1.40 ± 0.85
5.97 ± 1.15
64.3 ± 37.3
29.0 ± 80.8
51.4 ± 75.7

9/1
2/2/4/1
0/1
6.80 ± 1.40
8.20 ± 3.33
4 (40.0)
1092 ± 314
12.8 ± 3.69
14.1 ± 3.12
2/2/4/2
29.0 ± 23.8
10.9 ± 4.71
2480 ± 681
10.7 ± 2.82
4.35 ± 0.82
64.6 ± 16.3
6.93 ± 0.75
3.72 ± 0.56
17.3 ± 6.69
0.86 ± 0.26
43.6 ± 35.2
34.2 ± 30.2
1.45 ± 0.76
6.03 ± 1.23
75.9 ± 58.5
54.2 ± 95.2
32.8 ± 26.0

P value
0.638
0.138
0.695
0.044
0.548
0.717
0.717
0.756
0.281
0.490
<0.001
0.059
0.143
0.273
0.661
0.315
0.020
0.026
0.778
0.578
0.726
0.089
0.277
0.443
0.602
0.700
0.873
0.901
0.442
0.441
0.493

Data are expressed as mean, number (%), or mean (standard derivation). IPH: Idiopathic portal hypertension; EHO: Extrahepatic portal venous obstruction;
RFA: Radiofrequency ablation; IVR: Interventional radiology; MELD: Model for end-stage liver disease; APRI: AST to platelet ratio index; FIB-4: Fibrosis
4 index; AFP: α-fetoprotein; PIVKA: Protein induced by vitamin K absence; BUN: Blood urea nitrogen; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; HbA1c: Glycated hemoglobin.

significant difference was found between the two groups
with respect to age, body mass index, etiology, the pre
sence of liver cancer, the Child-Pugh score, the MELD
score, and the APRI and FIB-4 indices. No significant
differences between the groups were found with respect
to platelets, serum albumin, serum creatinine, AST, ALT,
and AFP.

count (r = -0.524, P = 0.001) (Figure 3). Splenic volume
increase was negatively related to changes in the platelet
count.

ROC curve analysis of response after administration of
lusutrombopag

The respective cut-off point for splenic volume was esti
mated using ROC curves for responders after admini
stration of the trial drug (Figure 4). A splenic volume cutoff of 855 mL predicted responders with a sensitivity of
90% and specificity of 87.5%.

Univariate and multivariate analyses of factors
associated with response

We evaluated the relationship between response to lusu
trombopag and baseline clinical characteristics using
a logistic regression model (Table 2). Splenic volume
was identified as significant predictor in the univariate
analysis. Multivariate analysis confirmed that splenic vo
lume was an independent factor that predicted platelet
response (P = 0.025, OR = 11.2; 95%CI: 1.354-103.0).

Relationship between response to lusutrombopag and
splenic volume

The numbers and proportions of patients with a splenic
volume < 855 mL and splenic volume ≥ 855 mL were
36 (72.0%) and 14 (28.0%), respectively.
In the splenic volume < 855 mL group, the mean
increase in platelet count from baseline administration of
3
lusutrombopag was 5.68 ± 3.04 × 10 /μL (P < 0.0001),
with 97.2% (35/36) of patients as responders. In the

Correlation between change in platelet count and
splenic volume

Splenic volume was associated with a change in platelet
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Table 2 Univariate and multivariate analyses of factors affecting the response to lusutrombopag
Univariate analysis
Splenic size (mL)

1: < 723
2: ≥ 723
1: Male
2: Female
1: <69
2: ≥ 69
1: < 4.5
2: ≥ 4.5
1: < 12.4
2: ≥ 12.4
1: < 15.2
2: ≥ 15.2
1: < 7
2: ≥ 7
1: < 3000
2: ≥ 3000
1: < 62
2: ≥ 62
1: < 56.5
2: ≥ 56.5

Gender
Age (yr)
Platelets (×104/μL)
Hemoglobin (g/dL)
BUN (mg/dL)
Child-Pugh
White blood cells (/μl)
Weight (kg)
Ammonia (μg/dL)

P value

OR (95%CI)

P value

13.5 (1.556-117.1)

0.018

11.2 (1.354-103.0)

0.025

5.41 (0.621-40.95)
1.11 (0.270-4.550)

0.368
0.168

2.02 (0.442-9.412)

0.212

2.581 (0.582-11.42)
1.66 (0.405-9.412)

0.212
0.190

1.56 (0.582-11.42)

0.212

4.70 (0.878-25.22)
2.85 (0.643-12.64)

0.072
0.168

1.43 (0.347-5.851)

0.623

splenic volume ≥ 855 mL group, the mean increase in
3
platelet count from baseline was 2.03 ± 1.03 × 10 /μL (P
= 0.008), with 35.7% (5/14) of patients as responders.
Unpaired t-test confirmed that the change in platelet
count was significantly different between the groups (P <
0.001).

N = 50

1500

Splenic volume (mL)

Multiple analysis

OR (95%CI)

Variable

P = 0.001
r = 0.524

1000

Safety assessment

The incidence of adverse events and adverse drug re
actions was summarized in Table 3. Fever, AST increase,
gastrointestinal disorders, chest pain, hypertension, and
thromboembolic events were reported in 9 (25.7%)
patients during treatment.
Although there were no treatment-related deaths,
some serious adverse events (≥ grade 3) were reported.
There were two thromboembolic events that affected
portal hypertension and liver function. Portal embolic
events required admission for treatment of thrombo
embolism.

500

0.0

0.0

      5.0

     10.0

  15.0

                 20.0

4

Change in platelet count (10 /μL)

Figure 3 Correlation between change in platelet count and splenic size
in patients with cirrhosis. Correlation was determined using Pearson’s r
coefficient. Data are expressed as the mean ± SD.
1.0

Risk factors for the occurrence of complications

According to any grade AE, no significant differences
were found between patients with and without adverse
events with respect to clinical characteristics. According
to ≥ grade 3 AE, 2 patients with portal vein thrombosis
were diagnosed as having Child-Pugh class B and had
a history of previous variceal bleeding with subsequent
endoscopic treatment.

True positive

0.8

0.6
AUC
     0.890
Cut-off
      855
Sensitivity 0.900
Specificity 0.875

0.4

0.2

DISCUSSION
0.0
0.0

    0.2

0.4

0.6

0.8

The results of this study revealed that the response to
lusutrombopag was related to splenic volume in chro
nic liver disease. Lusutrombopag, an oral, small mole
cule TPO-RA, binds to the TPO receptor and acts on
the transmembrane domain of human TPO receptors

   1.0

False positive

Figure 4 Receiver-operating characteristic curve for splenic size and the
area under the curve.
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Table 3 Adverse events
Fever
Aspartate aminotransferase increased
Gastrointestinal disorders
Chest pain
Hypertension
Portal thrombosis

Any grade
≥ Grade 3
Any grade
≥ Grade 3
Any grade
≥ Grade 3
Any grade
≥ Grade 3
Any grade
≥ Grade 3
Any grade
≥ Grade 3

expressed in megakaryocytes to increase platelet pro
[6]
duction . One of the reasons for thrombocytopenia is
decreased levels or activity of the platelet growth factor
thrombopoietin, which can lead to insufficient activation
[2]
of the TPO receptor in severe chronic liver disease .
Therefore, TPO-RAs are particularly useful in patients
with advanced chronic hepatitis or liver cirrhosis.
On the other hand, in patients with splenomegaly, the
main causes of thrombocytopenia are increased splenic
sequestration and destruction of platelets, whereas
reduced platelet count seems to be greatly related to
[10-14]
increased splenic size
. The present study revealed
that increased splenic volume is related to negative
changes in platelet count. In particular, splenic volume
> 855 mL was associated with an insufficient increase
in platelet count after the administration of appropriate
doses of lusutrombopag for 7 d. We hypothesized that
severe splenomegaly could reduce the efficacy seen in
platelet counts due to increased splenic sequestration
and destruction in spite of the TPO-RA causing sufficient
platelet production. Based on the results of this phase 2b
study, a dose-related increase in the maximum platelet
count and duration of the maintenance of the increase in
[15]
platelet count was reported .
When the dose of this treatment drug can be in
creased in case of severe splenomegaly, a treatment re
sponse may be achieved.
We recommend combination therapy with partial
splenic artery embolization (PSE) and TPO-RA to in
crease platelet production in patients with a splenic
volume > 855 mL, who remain at risk of bleeding fol
lowing invasive surgery. PSE is a useful method used
for patients with splenomegaly and with accompanying
portal hypertension. However, a large infarcted splenic
volume is a risk factor for complications, including intraabdominal abscess, portal vein thrombosis, septic shock,
[16,17]
and post-embolization syndrome
. Previous studies
reported infarcted splenic volumes between 388 and
[18-20]
540 g
, and the therapeutic effect of PSE on severe
splenomegaly is sometimes insufficient. Although it is
enough for patients with mild splenomegaly to undergo
PSE alone, thrombocytopenic patients with severe spleno
megaly should be administered with lusutrombopag after
an appropriate infarcted splenic volume is achieved.
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2 (4.0)
0
2 (4.0)
0
1 (2.0)
0
1 (2.0)
0
1 (2.0)
0
0
2 (4.0)

We should consider that splenic volume is influenced
by sex, height, and weight. In this cohort, 90% of the
non-responders were composed of men, and body
weight was significantly higher in the non-responder
group compared to the responder group (P = 0.044).
Previous reports have shown that splenic length and
volume have independent correlations with sex, height,
[19]
and weight . Therefore, the influential parameters
for splenic volume need to be considered in patient co
horts. Furthermore, patients enrolled in this study had
a relatively large spleen size. If they had presented with
mild or moderate spleen size, the results would likely
have been different.
TPO-RAs are generally well tolerated, with common
adverse events including AST increase, gastrointestinal
[21]
disorders, and hypertension . However, thromboembolic
events have been reported in patients treated with TPORAs, the majority of whom had pre-existing cardiovascular
[21,22]
or thromboembolic risk factors
. In particular, the
administration of TPO-RAs in patients with advanced
cirrhosis requires close monitoring. Severe chronic liver
disease is considered as a hypercoagulable state, with
increased bleeding tendency due to severe homeostatic
[23]
disruption . The phase-3 randomized controlled trials
ENABLE-1 and ENABLE-2 studied the efficacy of TPO-RAs
in patients with chronic hepatitis C and thrombocytopenia
and revealed that thromboembolic complications were
more frequently observed in the group treated with TPO[24,25]
RAs compared to the control group
. In the present
study, thromboembolic events were reported in two
(4.0%) patients during the observation period, requiring
hospital admission. Two patients with portal vein throm
bosis were diagnosed as having Child-Pugh class B
and had a history of previous variceal bleeding with
subsequent endoscopic treatment. This suggests that pa
tients should be carefully monitored during treatment so
that potentially life-threatening thromboembolic events
can be prevented or treated.
TPO-RAs can increase platelet count and decrease
bleeding events. Our final objective was to minimize the
administration of transfusion for reducing the incidence of
bleeding events in thrombocytopenic patients. However,
strategies to reduce or avoid platelet transfusions were
not achieved by the present study where only the relation
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multivariate analysis confirmed that splenic volume was an independent factor
that predicted the response of platelet counts (P = 0.025, odds ratio: 11.2;
95%CI: 1.354-103.0). Splenic volume was negatively correlated to changes in
platelet count (r = -0.524, P = 0.001).

ship between the response to lusutrombopag and splenic
volume was showed. For increasing platelet counts, we
can select the optimal therapy from blood transfusion,
PSE, splenectomy, and TPO-RA. The most suitable me
thod for patients is selected by careful discussion and
consideration of the benefits and disadvantages of each
method. Comparative clinical trial data are needed in
making correct treatment choices while maximizing ef
ficacy and safety.
This study had some limitations. First, the study
employed a retrospective design. Second, there are
multiple factors which can cause thrombocytopenia in
patients with chronic liver disease. These factors include
anti-platelet antibodies, levels or activity of thrombo
poietin, and bone marrow suppression of thrombopoiesis
due to myelodysplastic syndromes and/or direct myelo
suppressive effects of HCV infection. In this study, the
evaluation of influences of these factors was lacking.
Therefore, further studies are warranted. Third, the
number of patients was relatively small comparing the re
sponder and non-responder groups. This could have led
to a selection bias.
This study demonstrated that splenic volume in
fluences the response to lusutrombopag in chronic liver
disease. Larger spleen size appears to reduce the effect
of lusutrombopag in terms of platelet count. This is the
first report to assess the factors that affect the response
to lusutrombopag in patients with chronic liver disease.
Splenic volume should be taken into consideration when
administering lusutrombopag to ensure that patients re
ceive optimal treatment.

Research conclusions

Splenic volume influences change in platelet counts after administration
of lusutrombopag in patients with chronic liver disease. Larger spleen size
appears to reduce the effect of lusutrombopag in terms of platelet count.
Splenic volume should be taken into consideration when administering
lusutrombopag to ensure that patients receive the optimal treatment. This is the
first report to assess the factors that affect the response to lusutrombopag in
patients with chronic liver disease. There are multiple factors which can cause
thrombocytopenia in patients with chronic liver disease. These factors include
anti-platelet antibodies, levels or activity of thrombopoietin, and bone marrow
suppression of thrombopoiesis due to myelodysplastic syndromes and/or
direct myelosuppressive effects of HCV infection. In this study, the evaluation
of influences of these factors was lacking. Therefore, further studies are
warranted.

Research perspectives

Splenic volume should be taken into consideration when administering
lusutrombopag to ensure that patients receive optimal treatment. It is not clear
whether or not the combination therapy improves the long-term prognosis
of these patients. Therefore, future long-term observational studies are
warranted. Further studies are desired to assess multiple factors include antiplatelet antibodies, levels or activity of thrombopoietin, and bone marrow
suppression of thrombopoiesis due to myelodysplastic syndromes and/or direct
myelosuppressive effects of HCV infection.
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Abstract
AIM
To evaluate a 3D-printed coplanar template for iodine-125
seed implantation therapy in patients with pancreatic

Informed consent statement: All study participants, or
their legal guardian, provided informed written consent before
participating in the study.
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cancer.

computed tomography scan. Under 3D-printed template
guidance, the postoperative dosimetric parameter was
better than that obtained with traditional free-hand
implantation.

METHODS
A retrospective analysis of our database was performed,
and a total of 25 patients with pancreatic cancer who
underwent iodine-125 seed implantation between January
2014 and November 2017 were analyzed. Of these, 12
implantations were assisted by a 3D-printed coplanar
template (group A), and 13 implantations performed free
hand were selected as a control group (group B). A 3D
coplanar template was designed and printed according
to a preoperative CT scan and treatment planning sys
tem. The iodine-125 seeds were then implanted using
the template as a guide. Dosimetric verification was per
formed after implantation. Pre- and postoperative D90,
V100, and V150 were calculated. The success rate of
iodine-125 seed implantation, dosimetric parameters, and
complications were analyzed and compared between the
two groups.

Huang W, Lu J, Chen KM, Wu ZY, Wang QB, Liu JJ, Gong
J, Chen ZJ, Ding XY, Wang ZM. Preliminary application of
3D-printed coplanar template for iodine-125 seed implantation
therapy in patients with advanced pancreatic cancer. World J
Gastroenterol 2018; 24(46): 5280-5287
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5280.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5280

INTRODUCTION
Pancreatic cancer is one of the most common and
lethal malignant digestive neoplasms. The incidence
and mortality of pancreatic cancer have increased in
[1]
recent years , and surgical resection remains the only
curative treatment for this disease. Unfortunately, only
10%-20% of patients present with early-stage disease
[2,3]
at diagnosis and are candidates for surgery . For
most patients with unresectable advanced tumors or
metastatic disease, gemcitabine-based chemotherapy
remains the mainstay treatment. Nevertheless, the
prognosis is poor, and the median survival time from
[4,5]
diagnosis is less than one year . During the course of
the disease, patients frequently suffer from intractable
pain due to tumor perineural invasion. This pain can be
relieved by traditional external radiotherapy in more
than 50% of patients but with significant systemic side
[6-8]
effects . To reduce these side effects, in previous
studies, radioactive iodine-125 seeds were implanted
as a radiation source in pancreatic lesions under com
puted tomography (CT) guidance, and this approach
demonstrated efficacy for local tumor control and pain
[9-11]
relief
. However, the deep retroperitoneal location of
the pancreas, as well as the surrounding bowel loop and
adjacent blood vessels, precludes equidistant insertion of
parallel needles, which leads to inconsistent dosimetric
parameters before and after implantation. The individual
template guidance technique, which can enhance the
accuracy of radioactive iodine-125 seed implantation
and simplify operation procedures, has been developed
[12]
for the treatment of superficial malignant tumors .
Nevertheless, for profound organs, the effectiveness and
safety of individual template-assisted implantation are
not clear. In this study, we attempted to improve the
accuracy of iodine-125 seed implantation for pancreatic
cancer treatment using a 3D-printed coplanar template
to assist needle insertion. The dosimetric parameters and
complications were assessed.

RESULTS
Iodine-125 seed implantation was successfully performed
in both groups. In group A, the median pre- and post
operative D90 values were 155.32 ± 8.05 Gy and 154.82
± 16.43 Gy, respectively; the difference between these
values was minimal and not statistically significant (P
> 0.05). Postoperative V100 and V150 were 91.05%
± 4.06% and 64.54% ± 13.40%, respectively, which
met the treatment requirement. A better dosimetric
parameter was observed in group A than in group B,
and the difference was statistically significant (V100:
91.05% ± 4.06% vs 72.91% ± 13.78%, P < 0.05). No
major procedure-related complications were observed
in either group. For group A, mild hemorrhage was ob
served in 1 patient with a peritoneal local hematoma due
to mesenteric vein damage from the iodine-125 seed
implantation needle. The hematoma resolved sponta
neously without treatment. Postoperative blood amylase
levels remained within the normal range for all patients.
CONCLUSION
A 3D-printed coplanar template appears to be a safe and
effective iodine-125 seed implantation guidance tool to
improve implantation accuracy and optimize dosimetric
distribution.
Key words: 3D printing; Brachytherapy; Iodine-125;
Pancreatic cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: 3D-printed templates have been used as a new
iodine-125 seed implantation guidance tool to improve
implantation accuracy and radiotherapy dosimetry in
superficial organs. However, few studies have sufficient
information on template application in profound organs,
especially the pancreas. Our retrospective study eva
luates the effectiveness and safety of a 3D-printed
coplanar template for iodine-125 seed implantation the
rapy in patients with pancreatic cancer. The template
was designed and printed according to a preoperative
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MATERIALS AND METHODS
Patients

The study was approved by the institutional review
board, and all subjects signed an informed consent form.
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Table 1 Patient characteristics
Characteristic
Sex, n (%)
Male
Female
Age, yr
Median (range)
Location of lesions, n (%)
Pancreatic head
Pancreatic body and tail
Lesion size, n (%)
≤ 3 cm
3-5 cm
> 5 cm
Stage, n (%)
Ⅲ
Ⅳ

Group A

Group B

6 (50)
6 (50)

6 (46.2)
7 (53.8)

65.5 (48-81)

63.8 (47-84)

11 (92)
1 (8)

9 (69.2)
4 (30.8)

1 (8.3)
10 (83.3)
1 (8.3)

3 (23.1)
9 (69.2)
1 (7.7)

7 (58.3)
5 (41.6)

8 (61.5)
5 (38.5)

From January 2014 to December 2017, 25 patients
with unresectable advanced pancreatic carcinoma were
treated with iodine-125 seed implantation. Of these, 12
implantations were assisted by a 3D-printed coplanar
template (group A), and the remaining 13 implantations
were performed without template guidance and selected
as a control group (group B). Patient characteristics are
listed in Table 1.
The criteria for enrollment included the following: (1)
histological diagnosis of pancreatic adenocarcinoma by
CT-guided fine needle aspiration before implantation;
(2) contraindications to surgical resection; (3) Eastern
Cooperative Oncology Group (ECOG) score ≤ 2; (4)
9
neutrophil leukocyte ≥ 3 × 10 /L, platelets ≥ 70 ×
9
10 /L, and hemoglobin ≥ 90 g/L in peripheral blood;
(5) prothrombin index (PI) greater than 50% and partial
thromboplastin time (PTT) less than 50 s; (6) liver and
kidney functions within normal ranges; (7) absence of
systemic infection or focal infection on the designed punc
ture route; and (8) absence of refractory ascites.

parameter calculated by TPS.

The puncture trajectory, which includes the entry point,
angle, and direction of the implantation needles, was de
signed based on the location and depth of the pancreatic
tumor and the structures adjacent to the tumor. Accor
ding to the severity of complication outcomes using the
[13]
Society of Interventional Radiology (SIR) classification ,
the peripancreatic organs and structures were divided
into high- and low-risk groups. The high-risk group in
cluded the abdominal aorta and its first or second bran
ches, the portal vein trunk, and the colon. These struc
tures should be prioritized during puncture route design
to avoid any injury during implantation and to prevent
massive bleeding and abdominal infection. The lowrisk group included the liver, kidney, stomach, intestine,
and mesenteric vein branches. These structures were
penetrated to meet the dosimetric requirement when no
other alternative puncture routes existed.

Preoperative CT examination and treatment planning

3D-printed coplanar template preparation

Puncture trajectory choice

For group A, the template was made of polymethyl
methacrylate (PMMA). Its shape and size were designed
and printed based on the entry point and puncture angle.
The preset puncture holes were 1.5 mm in diameter with
5-mm intervals. These holes were parallel to each other
in 3D space, namely, the 3D-printed coplanar template.

All abdominal multidetector computed tomography
(MDCT) scans were performed on a 64-slice multi
detector-row CT scanner (Lightspeed 64; GE Medical
Systems, Milwaukee, WI, United States) using the
conditions 120 kV and 250 mA. All axial CT images were
obtained when the patient held their breath, and after
the initial administration of contrast materials, the scan
delay times were 30 to 35 s for the early arterial phase
and 65 to 70 s for the portal venous phase (Omnipaque
300 or 350; Amersham, Shanghai, China) at a flow
rate of 3.0 L/s. The images were acquired at 5-mm slice
thicknesses and sent to the treatment planning system
(TPS Astro technology Ltd. Co., Beijing, China). The
iodine-125 seed (XinKe Pharmaceutical Ltd., Shanghai,
China) was 0.8 mm × 4.5 mm (diameter × length) with
a radioactivity of 0.6 mCi and radioactive half-life of 59.6 d.
The prescription dose for the target pancreatic areas was
set at 140 Gy. The puncture route and iodine-125 seed
distribution were designed according to the dosimetric
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Patient preparation

Patients adhered to a low-residue diet for 3 d, fasted for
24 h and took oral laxatives 12 h prior to the procedure
to decrease intestinal volume. Pancreatic secretion was
inhibited with somatostatin 24 h before the operation.

Iodine-125 seed implantation

All iodine-125 seed implantations were performed under
CT guidance by three interventional radiologists with
14-30 years of interventional experience. The CT image
acquisition protocol was the same as that described
above. The scan area included the whole pancreatic
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A

B

C

Figure 1 3D-printed coplanar template appearance. A: A 3D-printed coplanar template was located on the patient’s skin at the entry point. The implantation
needles were inserted into the lesions through the puncture holes. B: The computed tomography manifestation of the 3D-printed coplanar template (arrowhead). C:
The position of the implantation needles (arrowhead) and iodine-125 seeds (arrow)

A

B

C

D

Figure 2 The procedure for 3D-printed coplanar template-assisted iodine-125 seed implantation and dosimeter analysis. A: Preoperative computed
tomography demonstrated a pancreatic uncinate process carcinoma. B: A preoperative treatment planning system was used to program the puncture route and
iodine-125 seed distribution. The pseudo green color indicated the designed V90 area, and the red points were the ideal iodine-125 seed position. C: With 3D-printed
coplanar template assistance, the implantation needles were inserted in a parallel fashion into the lesion to avoid vessels and traversing the intestine. D: Postoperative
dosimeter analysis demonstrated the V90 area (green color region) covering the entire tumor.

tumor. The patient was positioned based on the planned
access trajectory. For group A, after skin disinfection and
local anesthesia with 2% lidocaine, a 3D-printed coplanar
template was placed on the patient skin entry point
using a supporting structure that could be adjusted to
different angles. The 18-G implantation needles (HAKKO
Co., Ltd. Nagano, Japan) were inserted into the lesions
through the puncture holes on the coplanar template
(Figure 1). The procedure was discontinuous, and the
needle direction and parallelism were controlled under CT
guidance every 2-3 cm of insertion depth. The CT images
were sent to TPS after all needles were placed. The

WJG|https://www.wjgnet.com

dosimetry was calculated according to the needle position
(Figure 2). The iodine-125 seeds were then implanted
if the dosimeter results matched the preoperative plan.
Additional needles were inserted, preferably through
the 3D-printed coplanar template, if a cold spot was
detected. The needle position was adjusted freehand
if traversing high-risk organs was inevitable using the
template. For group B, the implantation procedure was
performed freehand, i.e., without a template. For all
patients, a CT scan was carried out after iodine-125 seed
implantation to evaluate the iodine-125 seed position
and complications.
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Table 2 Preoperative and postoperative dosimetric data
Group A
Dosimeter

Preoperative
155.32 ± 8.05
97.14 ± 0.93
94.51 ± 1.61
59.26 ± 15.42

D90 (Gy)
V90 (%)
V100 (%)
V150 (%)

Postoperative
154.82 ± 16.43
94.64 ± 2.35
91.05 ± 4.06
64.54 ± 13.40

Group B

P value

Preoperative
154.2 ± 9.08
97.17 ± 0.95
94.94 ± 1.05
62.44 ± 8.66

0.91
0.01
0.02
0.36

Postoperative
103.27 ± 25.03
78.91 ± 12.71
72.91 ± 13.78
48.16 ± 15.97

P value
0.00
0.00
0.00
0.02

Table 3 Differences in postoperative dosimeter values between group A and group B
Postoperative dosimeter
D90 (Gy)
V90 (%)
V100 (%)
V150 (%)

Group A

Group B

t

P value

154.82 ± 16.43
94.64 ± 2.35
91.05 ± 4.06
64.54 ± 13.40

103.27 ± 25.03
78.91 ± 12.71
72.91 ± 13.78
48.16 ± 15.97

6.132
4.38
4.54
2.765

0.13
0.00
0.00
0.44

A

B

Figure 3 Hemorrhage post-procedure and iodine-125 seed migration in the lesion. A: Peritoneal hematoma (arrow) due to mesenteric vein injury. B: Iodine-125
seed migration in the pancreatic head lesion.

Postoperative dosimeter

in Table 2. The differences in dosimetric data between
groups A and B are listed in Table 3.
For group A, the median pre- and postoperative D90
values were 155.32 ± 8.05 Gy and 154.82 ± 16.43 Gy,
respectively; the difference between the values was
minimal and not statistically significant (P = 0.91). The
postoperative V90, V100, and V150 values were 94.64%
± 2.35%, 91.05% ± 4.06%, and 64.54% ± 13.40%,
respectively. Among these, V90 and V100 were slightly
lower than planned but higher than those of group B,
and the difference was statistically significant (P = 0.00).
No major procedure-related complications (pan
creatitis, pancreatic leakage, digestive perforation, or
severe hemorrhage) were observed. For group A, mild
hemorrhage was observed in 1 patient with a peritoneal
local hematoma duo to mesenteric vein injury (Figure
3A). This patient did not present any hemorrhage symp
toms, and blood erythrocytes and hemoglobin levels re
mained normal. The hematoma resolved spontaneously
without treatment. No complications occurred in group B.
The postoperative blood amylase level remained within
the normal range in all patients and slightly decreased
compared with the preoperative level (41.3 ± 17.8 U/L
vs 48.0 ± 25.0 U/L).
For group A, iodine-125 seed migration in the lesion

Dosimetric verification was performed after implantation,
and the postoperative CT images were sent to TPS to
calculate the D90, V90, V100, and V150.

Chemotherapy

Chemotherapy was performed 1 wk after the implan
tation in all patients in groups A and B. Patients received
2
an intravenous infusion of gemcitabine at 1000 mg/m
on days 1, 8, and 15. The chemotherapy was repeated
every 4 wk for up to six cycles.

Statistical analysis

Using SPSS 19.0 software, quantitative indicators before
and after the operation were compared using the paired
t-test, and dosimeter differences between groups A and
B were compared using the independent sample t-test.
A P-value of less than 0.05 was defined as statistically
significant.

RESULTS
For all patients in groups A and B, iodine-125 seeds were
successfully inserted into all pancreatic tumors. The pre
operative and postoperative dosimetric data are listed
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was observed in 1 patient due to tumor liquefactive
necrosis (Figure 3B). Although the seed showed a 5-mm
shift from its initial position, the movement did not in
fluence the radioactive dose in the target area.

but the angle of the puncture direction can be changed
so that the entry direction can be adjusted according
to the real-time position of the organ. This method is
convenient for mobile organs.
The pancreas is adjacent to the digestive tract and
mesenteric vessels, and the morphology and position of
which can easily change. The actual puncture route might
not be completely consistent with the preprocedure plan.
Therefore, in our study, we used a coplanar template
to guide the implantation needle because the direction
can be slightly changed during the procedure to reduce
vessel and digestive tract damage.
Before iodine-125 seed implantation, a low-residue
diet, fasting, and oral laxatives were applied before the in
tervention to decrease digestive tract volume and enlarge
the interspace for the puncture target. Furthermore, slow
and gradual needle advancement may keep the digestive
tract from the needle tip and avoid perforation.
However, the deep location of pancreatic tumors,
as well as the surrounding intestinal loop, sometimes
precludes direct needle insertion. Traversing the
gastrointestinal tract is inevitable for iodine-125 seed
distribution according to the preprocedure plan, and
preoperative bowel preparation helps reduce traversing
complications. According to previous pancreatic biopsy
studies, transgastrointestinal tract or solid visceral
[29,30]
approaches are suitable and safe
; thus, in our study,
these methods were considered for low-risk organs and
as options when no other alternative puncture route
existed. The abdominal aorta and its first or second
branches, the portal vein trunk, and the colon were
considered high-risk organs, and trans-high-risk organ
needle implantation was avoided in our study to prevent
severe hemorrhage and bacterial peritonitis. However,
radiation cold spots might be present when trans-highrisk organ targets are abandoned. This issue can be
detected by intraprocedure dosimetry measurements
and correlated by adding an additional implantation
needle that is not parallel to the needles passing through
the template.
In our study, iodine-125 seed implantation for all
12 patients with pancreatic cancer was successfully
performed under the guidance of a 3D coplanar template.
The majority of implantation needles were parallel and
equidistant. The difference in pre- and postoperative
D90 values was minimal and not statistically significant.
The levels of V90 and V100 were slightly lower than
planned, and the reasons for this might include the
following: (1) altered location and morphology of the
pancreatic lesion due to the presence of implantation
needles; and (2) the presence of an intratumor necrosis
area into which the iodine-125 seeds might migrate due
to gravity. Nevertheless, the position of the iodine-125
seeds changed only slightly, and the average post
operative V100 was still greater than 90% and likely did
not influence prognosis. The dose of the 3D coplanar
template guide group exceeded that of the control group.
No major complications occurred in our study. Al
though the number of implantation needles was more

DISCUSSION
Iodine-125 seed implantation has been proven to be
a safe alternative treatment for advanced pancreatic
[10,14,15]
cancer
. Pancreatic cancer cells have been shown
to be sensitive to continuous, low-energy iodine-125
[16,17]
seed irradiation in ex-vivo studies
. In our previous
study, tumor growth and patient pain were significantly
[9]
suppressed by this treatment . As a type of brachy
therapy, the effectiveness of iodine-125 seed implan
tation depends on the dose in the target area, which
[18]
is influenced by seed distribution . However, the
pancreas is a retroperitoneal organ adjacent to many
vulnerable organs, and freehand placement of pancreatic
implantation needles in a parallel and equidistant arrange
ment is difficult. Therefore, maintaining seed distribution
according to preoperative planning to prevent radiation
cold spots is difficult.
In the clinic, a template is used to assist implantation
and ensure the iodine-125 seed distribution accuracy.
With the aid of a template, parallel and equidistant im
plantation needles can be maintained during insertion.
However, the traditional template has limitations: the
puncture angle is vertical relative to the patient’s skin,
and changing the angle during the procedure is difficult.
Thus, this method is more suitable for tumors in super
ficial organs, such as prostate and cervical tumors, than
profound organs. For pancreatic cancer, the direction and
distance between the puncture holes on the template
should be designed according to individual anatomic
characteristics to create a variable puncture angle. There
fore, in our study, we attempted to use 3D-printing tech
nology to make a template that is suitable for pancreatic
tumor iodine-125 seed implantation.
In recent years, 3D-printing technology has increa
singly been applied in medicine, especially in the do
mains of orthopedics and maxillofacial and vascular
[19-22]
surgery
. According to preoperative CT data, a highprecision 3D model can be printed and used to make
the morphology of an implantation material conform to
[20,23-26]
individual anatomy
. This technology has also been
preliminarily applied in template preparations for neck,
pulmonary, abdominal, and pelvic tumor iodine-125
seed implantation, and the postoperative dosimetry was
[12,27,28]
consistent with treatment planning
.
There are two types of 3D-printed templates: nonco
planar and coplanar. Noncoplanar templates closely
adhere to the patient’s skin, and the entry route and
angle are fixed. Thus, deviation is limited, and the punc
ture accuracy is high. Nevertheless, the entry direction is
difficult to change during the procedure, so this template
[12]
is more suitable for immobile organs . A coplanar
template is located 2-3 cm above a patient’s skin; its
accuracy is lower than that of a noncoplanar template,
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were 155.32 ± 8.05 Gy and 154.82 ± 16.43 Gy, respectively; the difference
between the values was minimal and not statistically significant (P = 0.91). The
postoperative V90, V100, and V150 values were 94.64% ± 2.35%, 91.05% ±
4.06%, and 64.54% ± 13.40%, respectively. Among these, V90 and V100 were
slightly lower than planned, and the reasons for this might include the following:
(1) altered location and morphology of the pancreatic lesion due to the presence
of implantation needles; and (2) the presence of an intratumor necrosis area
into which the iodine-125 seeds might migrate due to gravity. Nevertheless,
the position of the iodine-125 seeds changed only slightly, and the average
postoperative V100 was still greater than 90% and likely did not influence
prognosis. The dose of the 3D coplanar template guide group exceeded that of
the group B, and the difference was statistically significant (P = 0.00). No major
procedure-related complications were observed. For group A, mild hemorrhage
was observed in 1 patient with a peritoneal local hematoma duo to mesenteric
vein injury.

than that used for a pancreatic biopsy, the risk did
not seem to be higher. The complication rate for core[30-32]
needle pancreatic biopsy ranges from 8.7%-21.8%
.
One patient presented with a local hematoma due to
mesentery vessel injury, which was self-limiting and
not clinically significant. The serum amylase level de
creased after implantation in most patients according
to the preventive use of somatostatin, which can inhibit
pancreatic juice secretion and reduce hemorrhage risk by
[33,34]
decreasing the portal vein pressure
.
In conclusion, according to our study, 3D-printed co
planar template-assisted iodine-125 seed implantation
therapy appears to be safe and effective and may
improve the implantation accuracy and similarity be
tween the postoperative dosimetric parameters and
treatment planning values. The key limitations of our
study include the small sample size and short followup period. However, the endpoints of the study included
dosimeter and safety results. The long-term curative
effect and complications associated with this approach
will be evaluated in a future study.

Research conclusions

According to our study, 3D-printed coplanar template-assisted iodine-125
seed implantation therapy appears to be safe and effective and may improve
the implantation accuracy and similarity between the postoperative dosimetric
parameters and treatment planning values. 3D-printed coplanar template
may be an ideal assistive tool for the iodine-125 seed implantation not only in
superficial organs but also in profound organs, e.g., the pancreas.

Research perspectives

The key limitations of our study include the small sample size and short followup period. However, the endpoints of the study included dosimeter and safety
results. The long-term curative effect and complications associated with this
approach will be evaluated in a future case-control prospective study.

ARTICLEHIGHLIGHTS
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ARTICLE
Research background

Patients with advanced pancreatic cancer frequently suffer from intractable pain
secondary to tumor perineural invasion. This pain can be relieved by traditional
external radiotherapy but with significant systemic side effects. To reduce
these side effects, in previous studies, radioactive iodine-125 seeds acting as
the source of radiation were implanted in pancreatic lesions under computed
tomography (CT) guidance, and this approach demonstrated efficacy for local
tumor control and pain relief. However, the special location of the pancreas and
fragile adjacent organ increase implantation difficulty and lead to inconsistent
dosimetric parameters before and after implantation.
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Abstract

statistical difference in remission rate, secondary loss of
response or adverse events between both therapies.

BACKGROUND
Infliximab original has changed the natural history of
inﬂammatory bowel diseases (IBD) over the past two de
cades. However, the recent expiration of its patent has
allowed the entry of the first Infliximab biosimilar into the
European and Spanish markets. Currently switching drugs
data in IBD are limited.

Guerra Veloz MF, Argüelles-Arias F, Castro Laria L, Maldonado
Pérez B, Benítez Roldán A, Perea Amarillo R, Merino Bohórquez
V, Calleja MA, Caunedo Álvarez Á, Vilches Arenas Á. Loss
of efficacy and safety of the switch from infliximab original to
infliximab biosimilar (CT-P13) in patients with inflammatory
bowel disease. World J Gastroenterol 2018; 24(46): 5288-5296
URL: https://www.wjgnet.com/1007-9327/full/v24/i46/5288.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i46.5288

AIM
To compare the efficacy of infliximab biosimilar, CT-P13,
against infliximab original, analyzing the loss of response
of both at the 12 mo follow-up in patients with IBD.
METHODS
An observational study of two cohorts has been con
ducted. One retrospective cohort that included patients
with IBD treated with Infliximab original, and a pro
spective cohort of patients who were switching from
infliximab original to infliximab biosimilar (CT-P13). We
had analyzed the overall efficacy and loss of efficacy
in patients in remission at the end of one year after
treatment with the original drug compared to the results
of the year of treatment with the biosimilar.

INTRODUCTION
Inflammatory bowel disease (IBD), which includes
Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic gastrointestinal disorder of unknown etiology
which causes deterioration in the quality of life of the
[1]
patient . The introduction of biological therapies two
decades ago, particularly anti-tumor necrosis factor
[2,3]
(TNF)-alpha drugs , has revolutionized the therapeutic
approach of IBD, especially in those patients with severe
[2]
or refractory disease . Despite the undoubted efficacy of
biological therapy, these biological agents are much more
expensive than traditional treatments, and so impose a
[4]
considerable burden on the national healthcare system .
However, many biological products have reached or
are close to patent expiration. This has led to the devel
[5-7]
opment of biosimilar drugs .
®
CT-P13 (Remsima and Inflectra®) was the first bio
similar of infliximab approved by the European Medicines
[8]
Agency in September 2013 and by the United States
[9]
Food and Drug Administration (United States FDA) in
April 2016 for all indications of the originator product
including IBD. The extrapolation of use of biosimilar
infliximab was based on two phase Ⅲ clinical trials in
[10]
patients with rheumatoid arthritis (RA) (PLANETRA)
[11]
and ankylosing spondylitis (AS) (PLANETAS) . Both
studies at 30 wk proved the similarity of infliximab bio
similar against the reference product (Remicade®) in
terms of efficacy, safety and immunogenicity. Further
more, the results of the 102 wk open label extensions of
[11]
[10]
PLANETAS and PLANETRA trials have been recently
published, providing important information about the
safety, efficacy and immunogenicity of switching from
infliximab original to infliximab biosimilar in both AS and
[12,13]
RA patients
.
During these years, some observational studies and
real-life cohorts have been published on the efficacy and
[14-25]
safety of the infliximab biosimilar in IBD
. Although
not strictly necessary, there are few studies comparing
efficacy and safety of the switch from infliximab original
(Remicade®) to infliximab biosimilar CT-P13 vs the main
[26,27]
tenance of the infliximab original
. One of the few
studies that provide relevant evidence is the results of
the phase Ⅳ, double-blind, parallel-group NOR-SWITCH

RESULTS
98 patients (CD 67, CU 31) were included in both cohorts.
The overall efficacy for infliximab original per year of
treatment was 71% vs 68.2% for infliximab biosimilar (P
= 0.80). The loss of overall efficacy at 12 mo for infliximab
original was 6.6% vs 14.5% for infliximab biosimilar (P =
0.806). The loss of efficacy in patients who were in basal
remission was 16.3% for infliximab original vs 27.1% for
infliximab biosimilar. Adverse events were 9.2% for inflixi
mab original vs 11.2% for infliximab biosimilar.
CONCLUSION
The overall efficacy and loss of treatment response with
infliximab biosimilar (CT-P13) is similar to that observed
with infliximab original in patients who were switching at
the 12 mo follow-up. There is no difference in the rate of
adverse events.
Key words: Crohn’s disease; Ulcerative colitis; CT-P13;
Inflammatory bowel disease; Biosimilar agent; Infliximab
original; Efficacy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although not strictly necessary, there are few
studies comparing efficacy and safety of the switch from
infliximab original (Remicade®) to infliximab biosimilar
CT-P13 vs the maintenance of the original infliximab. For
this reason, we presented a comparative study with the
original infliximab. Our observational study demonstrates
the real-life clinical results of efficacy and safety of inflixi
mab original and the efficacy and safety after switching
from original infliximab to infliximab biosimilar CT-P13 at
the 12 mo follow-up. Our results demonstrate there is no
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study . This trial proved that switching from infliximab
RP to CT-P13 was not inferior to continued treatment
with infliximab RP. However, this study has received
much criticism because of its methodological limitations
and is not powered to perform a subgroup analysis, espe
[28]
cially IBD patients .
Despite initial concerns about infliximab biosimilar
not having enough data about safety, security and im
munogenicity, guidance from inflammatory bowel dis
ease societies has gradually moved towards a positive
and confident position on CT-P13. The European Crohn’
s Colitis Organization (ECCO) published its position state
ment on the use of biosimilars for IBD in December
2016 which states that “when a biosimilar product is
registered in the European Union, it is considered to be
as efficacious as the reference product when used in ac
cordance with the information provided in the Summary
[29]
of Product Characteristics” .
For all the above, this study is designed to compare
the efficacy of infliximab biosimilar CT-P13 against inflixi
mab original, analyzing the loss of response of both at
the 12 mo follow-up in patients with IBD.

with CD or partial Mayo score ≤ 2 in patients with UC;
(2) C-reactive protein (CRP) ≤ 5 mg/dL; (3) no use of
steroids; (4) no surgery related to the disease activity;
and (5) no increased dosage at the established follow-up
time.
Adverse events (AE) were monitored from the first in
fusion of CT-P13 until the end of the study and they were
recorded according to the Office of Human Research
Protection.

Statistical analysis

Demographic and nominal results were reported in
percentages and frequencies. Numerical results were re
ported as average and standard deviation in cases of nor
mal distribution and as median and interquartile range
(IQR) in cases of asymmetrical distribution. The Wilcoxon
test was used to compare the clinical scores (HB Score
and partial Mayo Score) and the CRP values of patients.
McNemar’s test and the Cochran Q test were used
to compare both groups’ remission. 95% confidence
intervals (CIs) were calculated and α was set at 0.05 for
the determination of statistical significance. Analysis was
performed using SPSS 23 (IBM Corporation).

MATERIALS AND METHODS

RESULTS

Study design

This was an observational study of two cohorts con
ducted at the Virgen Macarena Hospital (Seville, Spain).
One retrospective cohort that included patients with
IBD treated with infliximab original from January 2014
to December 2014, and one prospective cohort with
patients who were switching from infliximab original to
infliximab biosimilar (CT-P13) from March 2015 to Feb
ruary 2016. We had analyzed the overall efficacy and
loss of efficacy in patients in remission at the end of one
year after treatment with the original product compared
to the results of the year of treatment with infliximab
biosimilar. The study was approved by the Research
Ethics Committee of the Virgen Macarena Hospital. Good
clinical practice guidelines were followed and written
informed consent was obtained from all patients.

A total of 98 patients were included in each cohort.
68.4% (n = 67) were CD, and 31.6% (n = 31) were UC.

Retrospective cohort

In the retrospective cohort we included all the patients
with CD or UC who were treated with infliximab original
at least once in 2014. In the prospective cohort we
included all the patients with CD or UC who had been
switching from infliximab original to infliximab biosimilar
and had completed a 12 mo follow-up. Montreal classifi
cation status was recorded in all patients before enrol
ment.

The median age of patients was 39.9 (standard deviation
SD 12.5 years old), (95%CI: 37.4-42.4). Over half of
the patient population (55.4%) were men and 70.4%
were non-smokers. Median time of the disease before
starting the follow-up was 44 [Interquartile range (IQR)
= 18; 100 mo]. Median duration of ongoing infliximab
original treatment at the start of the study was 55 (IQR
= 28.7; 72 mo). 40.8% used concomitant thiopurines
before starting the follow-up. The baseline demographics
and phenotypic characteristics of patients with CD and
UC according to the Montreal classiﬁcation are shown in
Table 1.
At the start of the study the global remission was
77.6% (76/98) (95%CI: 68.8-86.3) and 71% (66/93)
(95%CI: 61.2-80.7) at the 12 mo follow-up. In total, 76
patients were in remission at the time of switch, 83.7%
(62/74) (95%CI: 74.7-92.9) had remained in remission
at 12 mo of follow-up.
Five patients discontinued treatment (two endoscopic
mucosa healing, three adverse effects including devel
opment of cervical neoplasia).

Study endpoints and assessments

CD

Patients

The efficacy endpoint was the change in clinical remission
in patients with infliximab original, and in patients swit
ched from infliximab RP to CT-P13 assessed at 12 mo.
In patients with CD and UC remission was considered
when: (1) Harvey-Bradshaw score (HB) ≤ 4 in patients
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In the CD patient group, the median age was 37 (IQR
= 30; 47 years). The median time of treatment with
infliximab original before starting the follow-up was 59
(IQR = 30; 78 mo). The locations at diagnostic were
colonic in 37.3%, with non-stricturing, non-penetrating
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Table 1 Comparative baseline demographics and phenotypic characteristics of patients with Crohn's disease and ulcerative colitis in
both groups n (%)

Characteristics (n = 98)
Sex
Smoking status

Crohn’s disease (n = 67)
Age at diagnosis

Location at diagnosis

Disease behavior

Perianal disease
Extraintestinal manifestations
Ulcerative colitis (n = 31)
Extension

Severity

Extraintestinal manifestations
Prior treatment
Thiopurines
Methotrexate
Concomitant treatment
Thiopurines
Methotrexate

Prospective
cohort

95%CI

Retrospective
cohort

95%CI

men
women
Never
Previous
Current

51 (52)
47 (48)
67 (68.3)
18 (18.4)
13 (13.3)

41.6-62.4
37.6-58.4
58.7-78.1
10.2-26.5
6.0-20.5

56 (57.1)
42 (42.9)
69 (70.4)
16 (16.3)
13 (13.3)

46.8-67.4
32.5-53.2
60.9-79.9
8.5-24.1
6.1-20.5

A1 (< 17)
A2 (17-40)
A3 ( > 40)
L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
L4 (upper gastrointestinal tract)
B1 (non-stricturing, non-penetrating)
B2 (stricturing)
B3 (penetrating)
Yes
No

7 (10.5)
49 (73.1)
11 (16.4)
18 (26.9)
26 (38.8)
21 (31.3)
2 (3.0)
38 (56.7)
14 (20.9)
15 (22.4)
37 (55.2)
42 (62.7)

2.4-18.5
61.8-84.5
6.8-26.0
15.5-38.2
26.4-51.2
19.5-43.2
0.3-10.4
44.169.3
10.4-31.4
11.7-33.1
42.6-67.9
50.4-75.0

10 (15)
48 (71.6)
9 (13.4)
15 (22.4)
25 (37.3)
25 (37.3)
2 (3.0)
39 (58.2)
13 (19.4)
15 (22.4)
39 (58.2)
46 (68.7)

5.6-24.2
60.1; 83.2
4.5; 22.3
11.7-33.1
25.0-49.6
25.0-49.6
0.4-10.4
45.7-70.8
9.2-29.6
11.7-33.1
45.7-70.8
56.8-80.5

E1 (proctitis)
E2 (left colitis)
E3 (pancolitis)
S1 (mild)
S2 (moderate)
S3 (severe)
No

13 (41.9)
10 (32.3)
8 (25.8)
11 (35.5)
16 (51.6)
4 (12.9)
26 (83.9)
75 (76.5)
25 (25.5)

22.9-60.9
14,2-50.3
8.8-42.9
17.0-53.9
32.4-70.8
3.6-29.8
66.3-94.5
67.6-85.4
16.4-34.7

12 (38.7)
11 (35.5)
8 (25.8)
10 (32.3)
17 (54.8)
4 (12.9)
27 (87.1)
85 (86.7)
25 (25.5)

19.9-57.5
17.0-53.9
8.8-42.9
14.2-50.3
35.7-74.0
3.6-29.8
66.3-94.5
79.5-94
16.4-34.7

50 (51)
8 (8)

40.6-61.4
2.2-14.1

40 (40.8)
7 (7,1)

30.6-51.1
1.1-10,1

behavior in 58.2%. 46.3% used concomitant thiopurines
before starting the follow-up.
Of the 67 patients analyzed, the basal remission was
76.1% (51/67) (95%CI: 65.2-87.1) and 69.2% (45/65)
(95%CI: 57.2-81.2) at the 12 mo follow-up. Of the 51
patients who were in initial remission this was maintained
in 82.3% (42/51) (95%CI: 70.9-93.8) of patients at the
12 mo follow-up. Two patients discontinued treatment:
Two adverse effects including development of a cervix
neoplasia.
The HB score showed significant changes over the 12
mo period [median HB score 95%CI: 1 (0-2) vs 1 (1-3)
at month 0 and 12, P = 0.005]. No significant changes
were observed in median of CRP levels [1.0 (0-5) vs 0.4
(0.2-2) at 0 and 12 mo, P = 0.464].

0.280
0.929

0.691

0.887

0.860

0.727
0.466

0.957

0.962
0.500
0.097
0.970
0.197
0.999

patients who were in initial remission this was maintained
in 87% (20/23) (95%CI: 70.9-93.8) of patients at the
12 mo follow-up. Three patients discontinued treatment:
(two endoscopic mucosa healing and one adverse effect).
No signiﬁcant changes in the median (95%CI) partial
Mayo score were observed in switched patients over the
12 mo [2 (1-3); vs 1 (1-3) at 0; P = 0.067]. No signiﬁ
cant changes in the median CRP level (95%CI) were ob
served over the same period [2 (1-10) vs 0.6 (0.2-5.5)
at months 0 and 12, P = 0.654].

Prospective cohort

The median age of patients was 41 (SD 12.7 years).
Over half of the patient population (56.1%) were men
and 68.3% were non-smokers. Median time of the dis
ease before starting the follow-up was 100 (IQR = 77;
151 mo). Median duration of ongoing infliximab original
treatment at the start of the study was 60.7 (IQR =
10.5; 73.5 mo). 51% used concomitant thiopurines be
fore starting the follow-up. The baseline demographics
and phenotypic characteristics of patients with CD and
UC according to the Montreal classiﬁcation are shown in
Table 1.
Of the 98 patients analyzed, 82.7% (81/98) (95%CI:

Ulcerative colitis

In the UC patient, the median time of treatment with
infliximab original before starting the follow-up was 42
(IQR = 20; 60 mo). The locations at diagnostic were proc
titis in 38.7% with a moderate severity in 54.8%.
Of the 31 patients analyzed, the basal remission was
80.6% (25/31) (95%CI: 62.5-92.5), and 75% (21/28)
(95%CI: 57.2-92.8) at the 12 mo follow-up. Of the 25
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Table 2 Comparison of efficacy and loss of efficacy in both groups

Basal global remission
Global remission 12 mo
Basal remission CD
Remission 12 mo CD
Basal UC remission
Remission 12 mo UC

Infliximab original
Group

95%CI

CT-P13 Group

95%CI

P value

Rate difference
(95%CI)

76/98 (77.6%)
66/93 (71%)
51/67 (76.1%)
45/65 (69.2%)
25/31 (80.6%)
21/28 (75%)

66.8-86.3
61.2-80.7
65.2-87.1
57.2-81.2
62.5-92.5
57.2-92.8

81/98 (82.7%)
60/88 (68.2%)
56/67 (83.6%)
42/62 (67.7%)
25/31 (80.6%)
18/26 (69.2%)

74.6-90.7
51.1-71.4
73.9-93.2
55.3-80.2
62.5-92.5
49.6-88.9

0.474
0.806
0.389
0.992
0.748
0.866

-0.173-0.071
-0.117-0.173
-0.225-0.076
-0.163-0.192
-0.29-0.229
-0.219-0.334

UC: Ulcerative colitis. CD: Crohn’s disease.

12 mo [2 (1-3) vs 1 (0-3) at month 0 and 12, P = 0.058].
No signiﬁcant changes in the median CRP level (95%CI)
were observed over the same period [2 (1-10) vs 0.6
(0.2-1.4) at month 0 and 12, P = 0.329].

74.6-90.7) were in remission at the beginning of the
study, and 68.2% (60/88) (95%CI: 57.9-78.5) at the
12 mo follow-up. Of the 81 patients who were in initial
remission this was maintained in 72.9% (54/74) (95%CI:
62.2-83.8) of patients at 12 mo.
Ten patients discontinued treatment (3 endoscopic
mucosal remission, 6 adverse effects, 1 patient did not
attend follow-up visits).

Comparison analysis

The basal remission rate of the infliximab original group
was 77.6% vs 82.7% of infliximab biosimilar (P = 0.474).
At 12 mo the remission rate was 71% in infliximab origi
nal vs 68.2% of biosimilar infliximab (P = 0.806) without
achieving statistical significance. This is showed in table 2.
The loss of overall efficacy at 12 mo in the infliximab
original group was 6.6% and 14.5% in the infliximab
biosimilar group, without achieving statistical significance
(P = 0.835). There were not statistically significant dif
ferences observed when comparing the loss of efficacy
by type of disease, CD (P = 0.992) and UC (P = 0.866,
Figure 1).
When we analyzed patients, who were in basal remis
sion, the loss of efficacy was 16.3% in the infliximab
original vs 27.1% in the infliximab biosimilar at the 12
mo follow-up, without statistical differences (P = 0.162).
There were also no statistically significant differences
when we analyzed by type of disease CD (P = 0.205)
and UC (P = 0.890, Table 3).
No signiﬁcant changes in disease activity, measured
by HB in CD (P = 0.385) and Partial Mayo score in
UC (P = 0.349) were observed between both groups.
Signiﬁcant changes in the median CRP level (95%CI)
were observed between both groups (P = 0.014), never
theless, it was always in remission (≤ 5 mg/dL).

Crohn´s disease

In the CD patient, median time of treatment with inflixi
mab original before starting the follow-up was 74.3 (IQR
= 41; 108 mo). The location at diagnostic was colonic in
38.3%, with non-stricturing, non-penetrating behavior
in 56.7%, and 55% had perineal disease. 56.7% used
concomitant thiopurines before starting the follow-up.
Of the 67 patients analyzed, the basal remission was
83.6% (56/67) (95%CI: 87.3-93.2) and 67.7% (42/62)
(95%CI: 55.3-80.2) at the 12 mo follow-up. Of the 56
patients who were in initial remission this was maintained
in 69.8% (37/53) (95%CI: 56.5-83.1) of patients at the
12 mo follow-up (P = 0.634). 92.5% (62/67) patients
completed the follow-up.
Five patients discontinued treatment: Four adverse
effects, one patient did not attend follow-up visits.
The HB score showed significant changes over the 12
mo period [median HB score 95%CI: 1 (1-2) vs 1 (1-3)
at months 0 and 12, P = 0.007]. No significant changes
were observed in median of CRP levels [1.0 (0-6) vs 0.36
(0.2-2) at 0 and 12 mo (P = 0.364)].

Ulcerative colitis

Safety

In the UC patient, the median time of treatment with
infliximab original before starting the follow-up was 52
(IQR = 20; 60 mo). The location at diagnostic was left in
41.9% with a moderate severity in 51.6%.
Of the 31 patients analyzed, the basal remission was
80.6% (25/31) (95%CI: 62.5-92.5), and 69.2% (18/26)
(95%CI: 49.6-88.9) at the 12 mo follow-up. Of the 25
patients who were in initial remission this was maintained
in 81% (17/21) (95%CI: 62.5.9-92.5) of patients at the
12 mo follow-up. Five patients discontinued treatment:
Three endoscopic mucosa healing and two adverse ef
fects.
No signiﬁcant changes in the median (95%CI) partial
Mayo score were observed in switched patients over the
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Retrospective cohort: 9 AEs occurred in 9/98 (9.2%) pa
tients: One hypertensive crisis, three infusion reactions,
one palpitations, one asthenia, one arthralgia, one HBV
reactivation, one cervical carcinoma. Four patients dis
continued treatment because of AEs. Severe adverse
events were considered in a patient with UC for HBV
reactivation that needed treatment and one CD patient
who developed a cervical carcinoma.
Prospective cohort: 11 AEs occurred in 11/98 (11.2%)
patients: One skin reaction, one case of abdominal
pain, two cases of headache and two of paresthesia
during infusion, one case of Sweet’s syndrome, two of
polyarthralgia, and two of palpitations. Six patients dis
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Table 3 Comparative of maintenance of remission at 12 mo in patients with initial remission in both groups

Maintained basal remission at 12 mo
Maintained basal remission at 12 mo CD
Maintained basal remission at 12 mo UC

Infliximab original
group

95%CI

CT-P13
group

95%CI

P value

Rate Difference
(95%CI)

62/74 (83.7%)
42/51 (82.3%)
20/23 (87%)

74.7-92.9
70.9-93.8
66.4-97.2

54/74 (72.9%)
37/53 (69.8%)
17/21 (81.0%)

62.2-83.5
56.5-83.1
62.5-92.5

0.162
0.205
0.890

-0.037-0.253
-0.056-0.307
-0.203-0.23

CD: Crohn's disease; UC: Ulcerative colitis.
Loss of efficacy: infliximab original vs
infliximab biosimilar

18%
16%
14%

P = 0.992
P = 0.835

P = 0.866

12%

15.90%
14.50%

10%
8%
6%

11.40%
6.90%

6.60%

5.60%

4%
2%
0%

Global

CD
Infliximab original

UC
Infliximab biosimilar

Figure 1 Loss of efficacy at 12 mo in both groups.

continued treatment because of AEs. Severe adverse
event was considered in one patient with CD who had
Sweet’s syndrome needing hospitalization and dis
continued treatment. In addition, one patient with UC
discontinued because of paresthesia during the infusion.
There were not statistical differences between each
group (P = 0.814, 95%CI: 0.115-0.075)

Our observational study proves the real-life clinical
results of efficacy and safety of infliximab original and
the efficacy and safety after switching from infliximab
original to infliximab biosimilar CT-P13 at 12 mo followup. Our results prove there is no statistical difference in
remission rate, secondary loss of response or adverse
events between both therapies. Both groups had simi
lar baseline characteristics. The basal remission in the
infliximab original group was 77.6% vs 82.7% for
infliximab biosimilar. At 12 mo, the infliximab original
remission rate was 71% vs 68.2% for the infliximab bio
similar group. The loss of overall efficacy at 12 mo in the
infliximab original group was 6.6% and 14.5% in the
infliximab biosimilar one (P = 0.806). The loss of efficacy
in patients who were in basal remission was 16.3% in the
infliximab original vs 27.1% in the infliximab biosimilar.
It is important to note that, although the difference in
the loss of efficacy between the two groups (10.8%) is
high, no statistical differences were observed. We believe
that this difference may be caused by the fact that an
insufficient number of patients were included in the study
and that the intervals of confidence were so high that it
was impossible to obtain a statistical difference.
In other hand, nocebo is a concept that should be
taken into account in our results. Many patients did not
have enough confidence in the biosimilar, and as it has
[32,33]
been proved in some studies
, nocebo can play a role
in the efficacy of the switch cohort. Another important
point to analyze is that, although present in both groups,

DISCUSSION
Despite initial concerns about infliximab biosimilar, dif
ferent articles have proved the efficacy and safety of
CT-P13. Also, the European Crohn´s Colitis Organization
(ECCO) published its favorable position statement on
[29]
the use of biosimilars for IBD in December 2016 .
We recently have published three studies in this mat
[15,24-25]
ter
. In these studies, we proved the efficacy of
CT-P13, although our patients’ cohorts (switch cohort)
have not been compared to a non-switch cohort. Many
studies and practical clinical trials have proved the ef
[2-4]
ficacy of anti-TNF-α in IBD . However, up to 30% of
patients show no clinical benefit after induction therapy
(primary non-responders), and another 30%-40% lose
response during the first year of treatment (secondary
[30]
non-responders) , with an estimated annual risk of
[31]
loss of efficacy between 13%-15% per patient/year .
Consequently, we wanted to explore whether our loss of
efficacy in the switch cohort was similar to a non-switch
cohort in our centre.
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the CD patients’ median of HB score showed significant
changes over the 12 mo, but it never went over the
definition of remission (≤ 4). In both groups, in UC pa
tients the median partial Mayo score remained without
changes, CRP levels remained without clinically relevant
changes in both groups (≤ 5). We did not find changes
in the clinical and analytical parameters, and so we be
lieve that the strong nocebo effect in the biosimilar group
explains this loss of efficacy.
[27]
In the NOR-SWITCH trial the proportion of patients
with disease worsening after six months of stable disease
was 26.2% in the infliximab original arm and 29.6%
in the CT-P13 arm, after 52 wk. The worsening of the
disease happened more frequently in CD patients, how
ever the authors concluded that switching from infliximab
original to infliximab biosimilar (CT-P13) was not inferior
to continued treatment with infliximab original regarding
efficacy, safety and immunogenicity. Also, in the 26 wk
open label NOR-SWITCH EXTENSION trial reported in
[34]
the ECCO congress last February , safety and immu
nogenicity were assessed regarding CT-P13 treatment
throughout the 78 wk study period (maintenance group)
compared to switching from infliximab original to CT-P13
at week 52 (switch group). Overall disease worsening
occurred in 16.8% of patients in the maintenance group
and in 11.6% in the switch group. In CD, disease worse
ning occurred in 20.6% and 13.1% and in UC in 15.4%
and 2.9% of patients in the maintenance and switch
group, respectively. These results were within the noninferiority margin (15%).
These results are similar in other studies. In the
[35]
SECURE study infliximab serum concentrations in
adults with ulcerative colitis (n = 59) and Crohn’s dis
ease (n = 61) were examined 16 wk after switching
from infliximab original to CT-P13. Serum infliximab
concentration with CT-P13 was not inferior to those with
infliximab original. Furthermore, no significant changes
were noted in clinical and biochemical variables, quality
[35]
[36]
of life and tolerability . In the PROSIT-BIO study the
efficacy estimations were 95.7%, 86.4%, and 73.7%
for naive; 97.2%, 85.2%, and 62.2% for pre-exposed;
and 94.5%, 90.8%, and 78.9% for switch at 8 wk, 16
wk, and 24 wk respectively. 12.1% of adverse events
were reported, 38 (6.9%) of them being infusion-related
reactions. In a prospective observational single center
[26]
study , that included 191 patients who were switched
from original infliximab to CT-P13 and 19 patients who
continued with the original. They showed no statistical
difference in remission (58.1% vs 47.4%, P = 0.37),
response (12.6% vs 10.5%, P = 0.80), secondary loss
of response (24.6% vs 42.1%, P = 0.10), or adverse
events (4.7% vs 0, P = 1.0) between those who swit
ched to CT-P13 and those who continued infliximab origi
[26]
nal at the 12 mo follow-up .
All data is in accordance with our results. All obser
vational post-marketing studies published to date have
reported positive outcomes for efficacy measures in pa
tients with CD and UC treated with CT-P13, irrespective
[14-26]
of prior anti-TNF-α treatment
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Finally, the recently published systematic review with
[37]
meta-analysis , in patients with CD switching from inflixi
mab RP to CT-P13 demonstrated high rates of sustained
clinical response at 30-32 wk (0.85, 95%CI: 0.71-0.93)
and 48-63 wk (0.75, 95%CI: 0.44-0.92) and high rates
for sustained clinical remission 0.74 (95%CI: 0.55-0.87)
and 0.92 (95%CI: 0.38-0.99), at 16 wk and 51 wk
respectively.
In our study, 9.2% (9/98) of patients had drugrelated adverse events with infliximab original, four
patients discontinued the treatments for this reason. In
the infliximab biosimilar 11.2% (11/98) of patients had
drug-related adverse events, six patients discontinued
treatment because of AEs. These data are related to the
results of several studies on the rate of adverse events
between 10%-20%.
Our study has some limitations. First of all, and per
haps most importantly, we analyzed a retrospective
cohort of patients with infliximab original, which could
be a methodological deficit with an error of data inter
pretation. Similarly, we could not measure calprotectine,
drug trough levels, or the presence of antidrug antibodies
as has been done in other studies, because at the time
of the study these were not available in our hospital.
Therefore, it has not been possible to ascertain the cause
of the loss of response observed in some patients. We
were also unable to measure mucosal healing or perform
an endoscopy on any of the patients at the time of the
study.
Despite the limitations in our study, we believe that it
shows real data in clinical practice in the one-year followup. The loss of efficacy in patients in clinical remission
treated with biosimilars was 10.8%, close to the margin
of non-inferiority of 15% as other previously published
[25-32]
studies
. We conclude that the overall efficacy and
loss of treatment response with Infliximab biosimilar
(CT-P13) is similar to that observed with Infliximab origi
nal in patients who were switching at the 12 mo followup.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Infliximab was the first monoclonal antibody against tumor necrosis factor
alpha approved by the US Food and Drug Administration (United States FDA)
and European Medicines Agency (EMA) in the treatment of inflammatory
bowel disease (IBD). Despite the undoubted efficacy of this biological therapy,
this biological agent is much more expensive than traditional treatments and,
therefore, imposes a considerable burden on the national health system.
However, with the recent expiration of its patent, biosimilar medicines have
been developed. CT-P13 (Remsima® and Inflectra®) was the first biosimilar of
infliximab approved by EMA and United States FDA for all indications of the
originator product including IBD. The effectiveness in IBD is being debated due
to the approval of this biosimilar was based on clinical trials in rheumatological
diseases.

Research motivation

Some observational studies and real-life cohorts have been published on
the efficacy and safety of the infliximab biosimilar in naive patients with IBD.
Although not strictly necessary, there are few studies comparing efficacy and
safety of the switch from infliximab original to infliximab biosimilar CT-P13 vs
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the maintenance of the infliximab original.

4

Research objectives

To compare the efficacy of infliximab biosimilar, against infliximab original,
analyzing the loss of response of both at the 12 mo follow-up in patients with
IBD

5

Research methods

An observational study of two cohorts has been conducted. One retrospective
cohort that included patients with IBD treated with Infliximab original, and a
prospective cohort of patients who were switching from infliximab original to
infliximab biosimilar. 98 patients were included in each cohort. We had analyzed
the overall efficacy and loss of efficacy in patients in remission at the end of one
year after treatment with the original drug compared to the results of the year
of treatment with the biosimilar. The efficacy was reported based clinical scores
[Harvey-Bradshaw score (HB) ≤ 4 in patients with Crohn’s disease (CD) or
partial Mayo score ≤ 2 in patients with ulcerative colitis (UC)] and biochemical
test. Wilcoxon test, McNemar´s test and the Cochran Q test were used to
compare the variables in both periods.

6
7
8

9

Research results

10

This study demonstrated the overall efficacy and the loss of overall efficacy for
infliximab original and infliximab biosimilar were similar per year of treatment.
The loss of efficacy in patients who were in basal remission was 16.3%
in the infliximab original vs 27.1% in the infliximab biosimilar. This 10.8%
of difference in the loss of efficacy between the two groups did not show a
statistical difference. No signiﬁcant changes in disease activity, measured by
HB in CD (P = 0.385) and Partial Mayo score in UC (P = 0.349) were observed
between both groups. Signiﬁcant changes in the median CRP level (95%CI)
were observed between both groups (P = 0.014), nevertheless, it was always in
remission (≤ 5 mg/dL). Adverse events were similar in both cohorts.

11

Research conclusions

Our study suggests that the overall efficacy and loss of treatment response with
infliximab biosimilar (CT-P13) is similar to that observed with infliximab original
in patients who were switching at the 12 mo follow-up. The high difference
in the loss of efficacy shown in patients who were in basal remission with
infliximab original vs infliximab biosimilar could be explained by the following: in
our data we found the intervals of confidence in both groups were so high that it
was impossible to obtain a statistical difference, and in other hand, nocebo is a
concept that should be taken into account in our results. Many patients did not
have enough confidence in the biosimilar the first year.

12

Research perspectives

Future prospective comparative studies with long-term follow-up are necessary
to discriminate the loss of efficacy in patient who were switched to infliximab
biosimilar.

13
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Abstract
Hepatitis C virus (HCV) infection commonly causes
progressive liver diseases that deteriorate from
chronic inflammation to fibrosis, cirrhosis and even to
hepatocellular carcinoma. A long-term, persistent and
uncontrolled inflammatory response is a hallmark of these
diseases and further leads to hepatic injury and more
severe disease progression. The levels of inflammatory
cytokines and chemokines change with the states of
infection and treatment, and therefore, they may serve
as candidate biomarkers for disease progression and
therapeutic effects. The mechanisms of HCV-induced
inflammation involve classic pathogen pattern recognition,
inflammasome activation, intrahepatic inflammatory
cascade response, and oxidative and endoplasmic
reticulum stress. Direct-acting antivirals (DAAs) are the
first-choice therapy for effectively eliminating HCV, but
DAAs alone are not sufficient to block the uncontrolled
inflammation and severe liver injury in HCV-infected
individuals. Some patients who achieve a sustained
virologic response after DAA therapy are still at a
long-term risk for progression to liver cirrhosis and
hepatocellular carcinoma. Therefore, coupling with antiinflammatory/hepatoprotective agents with anti-HCV
effects is a promising therapeutic regimen for these
patients during or after treatment with DAAs. In this
review, we discuss the relationship between inflammatory
mediators and HCV infection, summarize the mechanisms
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of HCV-induced inflammation, and describe the potential
roles of anti-inflammatory/hepatoprotective drugs with
anti-HCV activity in the treatment of advanced HCV
infection.

(HSCs)] and immune cells (macrophages, mast cells,
dendritic cells and natural killer cells) recruited to the
liver, resulting in the spontaneous elimination of acute
[4]
HCV infection . However, in 70%-80% of cases, the
immune responses fail to eliminate the virus during the
[4]
acute phase, leading to chronic infection . Persistent
HCV replication in hepatocytes leads to uncontrolled
inflammation and chemokine production. The excessive
cytokines, as inflammatory agents, further cause
inflammation in the liver, which eventually exacerbates
[5]
tissue damage and liver disease progression .
Direct antiviral treatment is undoubtedly the first
choice for the treatment of HCV infection. Currently,
several direct-acting antivirals (DAAs) have been
approved for clinical use, including NS3/4A, NS5A and
[6]
NS5B inhibitors and fixed-dose combined agents .
The combinational use of these DAAs has become
the standard treatment regimen for the treatment
of HCV infection, which greatly improves sustained
virologic response (SVR) rates to over 90%, shortens
the treatment duration and reduces adverse effects,
when compared with the traditional interferon (IFN)
[6]
plus ribavirin treatment . However, HCV is just
the initiator for pathophysiological processes, while
persistent inflammatory cytokine storms (known as
hypercytokinaemia) and HCV-induced hepatocyte
damage exacerbate the progression of severe liver
[7-10]
diseases
. DAAs primarily control viral replication
but are not sufficient to restore HCV-induced liver
dyshomeostasis and advanced liver diseases. Clinically,
there are different conclusions about the contribution
of current DAA therapy to reducing cirrhosis and
HCC, and a subset of patients are still subjected to
the risk of cirrhosis, HCC and liver failure even after
[6,7,11]
achieving an SVR
. Given these limitations of
DAA therapy, anti-inflammatory and hepatoprotective
drugs with anti-HCV effects become a good choice for
those individuals. These drugs have advantages in
suppressing inflammation/oxidative stress, reducing
hepatocyte injury and alanine aminotransferase (ALT)/
aspartate aminotransferase (AST) levels and preventing
[12]
the development of liver fibrosis . Therefore, although
anti-inflammatory/hepatoprotective drugs would not
replace DAAs, they can be used as a supplement to
DAA therapy for preventing HCV relapse and liver
disease progression during or after DAA therapy.
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Core tip: Inflammatory responses triggered by hepatitis
C virus (HCV) infection lead to severe progressive liver
diseases. Some inflammatory cytokines and chemokines
may serve as biomarkers for the disease progression and
therapeutic effect in chronic hepatitis C (CHC) patients.
The inflammatory pathogenesis in HCV-infected patients
is complicated, including classic pathogen pattern
recognition, inflammasome activation, intrahepatic
inflammatory cascade response, and oxidative and
endoplasmic reticulum stress. Direct-acting antivirals
(DAAs) are not sufficient to block the uncontrolled
inflammation and disease progression in severe CHC
patients. Therefore, coupling with anti-inflammatory/
hepatoprotective agents with anti-HCV effects is a
promising therapeutic regimen for advanced HCV-infected
patients during or after treatment with DAAs.
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INTRODUCTION
Hepatitis C virus (HCV) belongs to the genus Hepacivirus
in the family Flaviviridae and is a positive singlestranded RNA virus that is approximately 9.6 kb. The
HCV genome encodes three structural (Core, E1 and
E2) and seven non-structural (NS) proteins (NS1 or
[1]
P7, NS2, NS3, NS4A, NS4B, NS5A and NS5B) . As a
kind of hepatic tropism virus, HCV mainly replicates in
the hepatocyte cytoplasm and frequently causes acute
or chronic hepatitis C (CHC), which has an estimated
prevalence of 71 million people and is responsible
[1,2]
for approximately 399000 deaths annually . CHC
patients generally experience liver diseases ranging from
liver fibrosis and cirrhosis to hepatocellular carcinoma
(HCC) and suffer from metabolic disorders such as lipid
abnormalities, steatosis, insulin resistance, and iron load
[3]
dysregulation . These abnormalities are aggravated by
long-term hepatic inflammatory responses. Upon HCV
infection, the immune responses in the liver are initiated
by parenchymal cells (hepatocytes), non-parenchymal
liver cells [Kupffer cells (KCs) and hepatic stellate cells
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HCV INFECTION AND INFLAMMATORY
MARKERS
Most inflammatory cytokine and chemokine levels are
positively correlated with the HCV load and decline after
antiviral therapy. Although the role of inflammatory
mediators in HCV infection after treatment with DAAs
has not received much attention, previous research
still reported that one or more of these inflammatory
mediators might serve as inflammatory biomarkers
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Table 1 Potential inflammatory biomarkers of hepatitis C
Biomarker
TNF-α
IL-6
IL-8
IL-18
CXCL-9
CXCL-10

Clinical relevance

Ref.

Promoting development of insulin resistance and diabetes during HCV infection; Hepatic TNF-α
was associated with increased inflammatory activity, hepatic fibrosis, liver injury and HCC
Evaluating the progression of CHC to cirrhosis; Plasma IL-6 positively correlated with illness
duration and viral load in HBV/HCV co-infected patients
Associated with interferon therapy non-response and high histologic activities in CHC patients
Plasma IL-18 concentration was positively correlated with ALT and AST levels in HBV/HCV coinfected patients; A marker for evaluating the effect of IFN on the immune state
Potential marker for evaluating the progression of CHC to cirrhosis
CXCL-10 level in hepatocytes correlated with histological severity and hepatic lobule inflammation;
A marker of viral response and therapeutic outcome

[15-19]
[13,20]
[29,30]
[20,21]
[13,14]
[5,13,14,23,24]

TNF-α: Tumor necrosis factor-α; IL-6/-8/-18: Interleukin-6/-8/-18; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; CHC: Chronic hepatitis C;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; IFN: Interferon; HBV: Hepatitis B virus.

in CHC patients (Table 1). For instance, Costantini et
[13,14]
al
revealed that several serum mediators, including
interleukin (IL)-6 and IL-8, C-X-C motif ligand (CXCL)-9,
CXCL-10, CXCL-12 and macrophage migration inhibitory
factor (MIF), might be used as potential markers
for evaluating the progression of chronic hepatitis to
cirrhosis. Hepatic tumor necrosis factor (TNF)-α was
associated with increased inflammatory activity, hepatic
[15-17]
fibrosis and liver injury in CHC
. Meanwhile, TNF-α
has been identified as the key molecule promoting the
development of insulin resistance and diabetes during
HCV infection, and patients with severe liver disease and
[18,19]
HCC have a higher TNF-α/IL-10 ratio
. In patients
co-infected with HCV and hepatitis B virus (HBV),
plasma IL-6 concentrations were positively correlated
with illness duration and viral load, whereas the IL-18
concentration was positively correlated with ALT and
AST levels and might evaluate the effect of IFN on the
[20,21]
immune state
. The above results suggest that the
level of inflammatory factors in hepatitis C patients
might be used as a reference for disease progression
during HCV infection and antiviral therapy.
Chemokines play a more extensive role in the
pathogenesis of CHC-related liver diseases and are even
[22]
considered markers and therapeutic targets in CHC .
Among the various chemokines, human IFN-induced
protein (CXCL-10) is the most widely studied. In CHC
patients, the levels of peripheral blood and liver CXCL-10,
along with C-C motif ligand (CCL)-5, IFN-inducible T cell α
chemo attractant (I-TAC) and macrophage inflammatory
[5,23]
protein (MIP)-1α/1β, were increased markedly
,
whereas the level of CXCL-10 in hepatocytes was
correlated with histological severity and hepatic lobule
[14,24,25]
inflammation
. CXCL-10 also serves as a marker
of viral response and therapeutic outcome since a high
pretreatment level of CXCL-10 indicated the inhibition
of CXC chemokine receptor (CXCR) 3-expressing T cell
[5,23]
response, which leads to therapeutic non-responses
.
This phenomenon is also confirmed in the following cases
where the virus was controlled during treatment with an
+
increased number of CD8 cells expressing high CXCR3
[26]
levels . In addition, monocyte chemotactic protein-1
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(MCP-1), soluble adhesion molecule (sAM), CCL-20 and
CXCL-9 were reported to predict the outcome of antiviral
[27,28]
therapy in CHC patients
. Chemokine IL-8 was also
induced by HCV, and patients who were biochemical
non-responders to IFN therapy had higher pretreatment
[29,30]
levels of IL-8 or high histologic activities
. Therefore,
chemokine levels are important reference values for
monitoring the natural course and progression of HCVrelated liver diseases and even identifying different
[5]
treatment response rates before treatment .
However, these studies investigating the utility
of inflammatory cytokines and chemokines for the
prediction of treatment responses were based only on
a small number of patients infected with limited HCV
subtypes, most were based on IFN or IFN plus ribavirin
therapy regimens, and the results did not preclude an
[23,27]
epiphenomenon associated with the effects of IFN
.
Therefore, the use of inflammatory cytokines and
chemokines as indicators of the pathological progression
of HCV infection and treatment efficacy has yet to be
supported by more data from larger multivariate studies
of patients, especially those treated with DAAs.

MECHANISMS OF HCV-INDUCED
INFLAMMATION
Because of T-cell-mediated autologous hepatocytotoxicity,
the spontaneous clearance of HCV infection is not
only difficult to achieve but also increases the risk of
[31]
progression to chronic hepatitis and liver injury . In
addition to this T-cell-mediated cytotoxic response, HCV
infection alone also triggers inflammatory responses
through a variety of strategies to aggravate the
progression of liver diseases (Figure 1).

Inflammation responses triggered by interactions
between host and HCV

Unlike receptor-mediated HCV entry processes, the
occurrence of inflammation in HCV infection relies on
the recognition, binding and interaction of HCV RNA and
protein components with pathogen pattern recognition
receptors (PRRs) or other host cellular structures, which

5299

December 21, 2018|Volume 24|Issue 47|

Li H et al . Anti-inflammatory/hepatoprotective therapy of HCV
HCV
ERS

vRNA

DAMPs
mtDNA ROS

Mitochondrial
dysfunction
Oxidative stress

Potassium efflux

NLRP3

TLR2/3/4/7/8
MyD88

ASC

Virus protein

Pro-caspase-1

IKKa/b
IkBa

Inflammasome
activation

NF-kB activation

Pro-IL-1β/18

Cell
apoptosis

Caspase-1 activation

Pro-inflammatory cytokines
AP-1
ROS
Signaling pathway activation
(JAK-STAT, PI3K-Akt, MAPK, etc )

NF-kB activation
IL-18

IL-1β

Receptor
Inflammatory cytokines
(TNF-a, IL-6, etc )

Figure 1 Mechanisms of hepatitis C virus-induced inflammation. Hepatitis C virus (HCV) RNA triggers Toll-like receptor mediated nuclear factor (NF)-κB
activation and inflammatory cytokine release, while HCV proteins mainly lead to oxidative and endoplasmic reticulum stress and potassium efflux, causing the Nodlike receptor pyrin domain containing inflammasome activation. The released inflammatory factors bind to their corresponding receptors and then directly induce
NF-κB activation or indirectly lead to signalling pathway mediated downstream inflammatory response. HCV: Hepatitis C virus; ERS: Endoplasmic reticulum stress;
AP-1: Activating protein-1; ASC: Apoptosis-associated speck-like protein containing CARD; DAMP: Damage associated molecular patterns; mtDNA: Mitochondrial
DNA; MyD88: Myeloid differentiation factor 88; NLRP3: Nod-like receptor pyrin domain containing 3; ROS: Reactive oxygen species; vRNA: Viral RNA; TLR: Toll-like
receptor; TNF-α: Tumor necrosis factor-α; IL: Interleukin.

in turn activate downstream immune- and inflammationassociated signal transduction pathways.
Cell surface or internal PRRs, such as Toll-like
receptors (TLRs) 1-10, can discern pathogens and
activate canonical signalling pathways during immune
and inflammatory responses. Virus-derived pathogenassociated molecular patterns (PAMPs), HCV RNA and
viral proteins could induce pro-inflammatory cytokine
and chemokine production via several PRRs. For
example, TLR3 recognized the HCV double-stranded
RNA produced during HCV replication and activated
TLR3 signalling, resulting in high releases of IL-8, CCL-5,
[32,33]
MIP-1 and CXCL-10
. Macrophages uptake HCV
RNA through clathrin-mediated endocytosis, which is
independent of receptor and productive infection, and
therefore trigger myeloid differentiation primary response
(MyD) 88-mediated TLR7 signalling to induce pro-IL[34,35]
1β mRNA expression
. In addition, a conformation-
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dependent interaction between the TLR2 and HCV core
or NS3 proteins triggers the TLR2-specific inflammatory
[36]
pathway . NS5A specifically activated the promoter of
the TLR4 gene in both hepatocytes and B cells, thereby
activating the signal transduction cascades from MyD88
to IFN regulatory factor (IRF)-3 and stimulating nuclear
[37]
factor (NF)-κB-mediated IFN-β and IL-6 secretion .
In addition to the host PRRs, HCV proteins can
also interact with other cellular structures and activate
inflammatory pathways. The binding of HCV E2 to CD81
induced CCL-5 secretion possibly through activating
[38]
mitogen-activated protein kinase (MAPK) . The
transient expression of HCV NS5B in mouse liver and
human hepatocytes catalysed the production of small
RNA species, which activated innate immune signalling
via TANK-binding kinase (TBK) 1, IRF-3 and NF-κB,
and eventually induced the production of IFNs and
[39]
inflammatory cytokines . HCV core protein, which
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is mostly implicated in liver disorders, activated signal
transducer and activator of transcription (STAT) 3 in
human hepatocytes, leading to subsequent immune
[40]
activation, inflammation and tumorigenesis . In short,
the over-replication of HCV in host cells is accompanied
by a broad and complex interaction of host and HCV
components, eventually unbalancing signal transduction
pathways, causing uncontrolled excessive inflammatory
responses and further exacerbating disease progression.

inflammasomes were also reported in HCV infection.
For instance, after macrophage phagocytosis of HCV,
HCV induced potassium efflux and activated the NLRP3
inflammasome for the processing and secretion of IL[35]
1β . The HCV P7 protein is a kind of pH-sensitive proton
channel, and the decrease of extracellular pH could
enhance P7 activity and then stimulate signal 2 to induce
the maturation and secretion of IL-1β from RAW264.7
[47]
macrophages , whereas a report showed that high
expression of P7 protein in Huh7.5 cells failed to induce
[46]
IL-1β production .
Altogether, inflammasome activation triggered
by HCV infection might depend on HCV RNA and the
secondary effects during HCV replication, such as ROS
generation, potassium efflux and P7 activity. However,
the phenomenon of inflammasome activation and
detailed mechanisms in response to HCV infection
might vary across different cell types, and these data
suggest that monocytes and macrophages are the main
effector cells activated by the inflammasome after HCV
infection.

Inflammasome activation upon HCV infection

An inflammasome is a large, multi-protein cytosolic
complex that perceives intracellular danger signals, such
as microbial pathogens, inflammatory diseases, cancers
and metabolic and autoimmune disorders via Nod-like
receptors (NLRs) and ultimately stimulates the production
[41,42]
of the inflammatory cytokines IL-1β and IL-18
. Four
NLR families, NLRP1, NLRP3, NLRC4 and AIM2, have
been characterized to date. Among them, NLRP3, as the
most extensively studied, responded to the host- and
environment-derived molecules and pathogen-associated
[41]
activators . Increased levels of plasma IL-1β and IL-18
in hepatitis C patients indicated an activation of the
[43]
inflammasome during HCV infection .
Activation of the inflammasome and secretion of
mature IL-1β and IL-18 during HCV infection require
the integration of two signals. The first is known as
signal 1, which occurs when the virus is detected by a
PRR or cytokine receptor, resulting in the activation of
NF-κB and consequent upregulation of pro-IL-1β and
pro-IL-18 mRNAs. Signal 2 is that NLRP3 senses HCV,
recruits the adaptor protein ASC (apoptosis-associated
speck-like protein containing CARD) and induces the
recruitment and autocatalytic activation of caspase-1.
The activated caspase-1 processes cytosolic cytokines
IL-1β and IL-18 precursors into mature secretory
[34]
proteins . Although HCV infection was reported to
[35]
activate the inflammasome , the conclusions and
proposed mechanisms differ across studies. Michael
[34]
et al
demonstrated that HCV infection induced
inflammasome activation and IL-18 and IL-1β secretion
in monocytes and macrophages through the recognition
of viral single-stranded RNA by TLR7 but failed to
stimulate the inflammasome and cytokine production
by lymphocytes, dendritic cells or hepatocytes. Other
studies reported that no inflammasome activation was
[44,45]
detected in HCV-infected Huh-7 cells
, whereas
[46]
Burdette et al
reported HCV-induced secretion of
IL-1β in Huh7.5 cells via induction of inflammasome
complex assembly involving NALP3, ASC and caspase-1.
In addition, although a previous report suggested that
reactive oxygen species (ROS) are not inflammasome
[45]
[44]
effectors in HCV-infected hepatocytes , Chen et al
demonstrated that HCV-RNA transfected monocytes
and THP-1 derived macrophages could activate the
NLRP3 inflammasome in a ROS-dependent manner, and
the process was independent on retinoic acid-inducible
gene 1 (RIG-1). Alternative mechanisms for inducing
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Inflammatory cascade response in the hepatic
microenvironment

Although hepatocytes are the major cell population in the
liver and the targets of cells for HCV entry and replication,
non-parenchymal cells in the liver, such as KCs and
HSCs, also play key roles in HCV-induced liver diseases.
KCs, which are hepatic macrophages and account for
[48]
approximately 15% of the total cells in the liver ,
exhibit limited internalization of HCV via phagocytosis,
leading to the production of pro-inflammatory cytokines
[35]
and chemokines . HSCs are activated after HCV
infection and are associated with liver fibrogenesis,
including collagen deposition and abnormal extracellular
[49]
matrix remodelling . Crosstalk among these three
kinds of liver cells plus the recruited immune cells during
HCV infection in the hepatic microenvironment mediates
inflammatory cascade signalling and exacerbates disease
progression (Figure 2). The icons in the figure are shared
[50]
by Reactome .
The interaction between HCV-infected hepatocytes
and HSCs enhances the inflammatory response to
[31]
HCV infection . For example, in the HCV-infected
hepatocyte and HSC co-culture system, IL-1α secreted
by HSCs enhanced CCAAT-enhancer-binding protein
β-targeted downstream gene expression, leading to
[31]
enhanced expression of IL-6, IL-8 and MIP-1α/1β .
Additionally, in the co-culture system of HCV replicon
cells and HSCs, HCV replicon cells released transforming
growth factor (TGF)-β1 into conditioned medium and
thereby induced fibrogenesis in HSCs, which was
characterized by increased production of procollagen α1
(I) and procollagen α1 (III) and decreased expression
[51]
of fibrinolytic matrix metalloproteinase (MMP) .
Exosomes, which are endosomal-derived vesicles, also
mediate communication between hepatocytes and
HSCs. Although exosomes secreted from HCV-infected
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Figure 2 Inflammatory cascade responses in the hepatic microenvironment. Crosstalk among parenchymal cells (hepatocytes), non-parenchymal liver cells
(Kupffer cells and hepatic stellate cells) and recruited immune cells (macrophages, mast cells, dendritic cells and natural killer cells) plus hepatitis C virus replication
in the hepatic microenvironment mediates inflammatory cascade signalling and exacerbates liver injury and disease progression. HSC: Hepatic stellate cells; NK:
Natural killer; HCV: Hepatitis C virus.

hepatocytes (HCV-exo) could transport small amounts
of HCV RNA into HSCs, the quantity of HCV RNA carried
into HSCs is gradually decreased because HSCs do not
[52,53]
support HCV infection and replication
. However,
one study found that the miR-19a carried by HCV-exo
could target suppressor of cytokine signalling 3 (SOCS3)
in HSCs, leading to STAT3-mediated TGF-β signalling
activation, profibrotic marker high expression and
[52]
enhanced inflammatory responses .
After HCV infection, the inflammatory cascades
between HCV-stimulated macrophages and HSCs
are also activated in the hepatic microenvironment.
To mimic the effect of HCV in the blood circulation on
[35]
hepatic non-parenchymal cells, Negash et al exposed
human THP-1 cell-derived macrophages and KCs to
HCV in vitro and showed that they activated caspase-1
expression and enhanced IL-1β/-18 secretion. Similarly,
conditioned medium derived from HCV-exposed human
THP-1 macrophages and KCs increased the expression
of inflammatory (NLRP3, TNF-α, IL-1β, IL-6 and CCL-5)
and profibrogenic (TGF-β1, collagen 4A1, MMP2 and
α-smooth muscle actin) markers in primary human and
[54]
immortalized HSCs (LX2 cells) . Further study identified
that the chemokine CCL-5 in this conditioned medium
induced inflammasome activation and fibrotic marker
expression in HSCs, whereas TNF-α but not IL-1β could
[54]
only induce inflammasome markers . These studies
emphasize that inflammatory cascade reactions could
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occur between macrophages and HSCs through highly
expressed inflammatory mediators during HCV infection.
Moreover, chemokines secreted by HCV-infected
hepatocytes and HCV-internalized KCs recruit immune
cells to the site of infection, leading to aggravation of
the inflammatory response and even liver damage
[47,55]
in CHC
. Other molecules, such as ROS and lipid
peroxidation products produced by activated KCs or
injured hepatocytes, could also induce the activation of
[49]
quiescent HSCs . The interactions between the HSCs
and the immune cells recruited into the liver and the
HCV-infected or exposed hepatocytes/macrophages
mediate inflammation-related cellular signalling,
together establishing a microenvironment of the liver
in an excessively inflammatory state and continuing to
exacerbate disease progression.

Exacerbation of the inflammatory response by oxidative
and endoplasmic reticulum stress

Oxidative stress is characterized by excessive ROS
accumulation in vivo. ROS includes radicals, such
•
as superoxide anion (O2 ∙), hydroxyl radical (OH )
and hydrogen peroxide (H2O2). Superoxide anions
are mainly derived from the mitochondrial electron
•
transport chain and catalysed into H2O2 and OH by
[56]
superoxide dismutase . Hepatocytes have abundant
mitochondria, which are the main source of ROS.
Oxidative stress is more severe in HCV infection than in
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[57]

HBV infection . Upon HCV infection, oxidative stress
is thought to occur because of the expression of viral
proteins, changes in the activity of oxidative enzymes,
depletions of antioxidants and the ensuing chronic
[58]
inflammation . HCV core protein interacts with the
mitochondrial protein chaperone prohibitin, leading to
impairment of mitochondrial respiratory chain function
[59]
accompanied by ROS overproduction . The intracellular
expression of E1, E2, NS3 and NS5A also potently
enhances ROS levels by increasing intracellular calcium
influx and decreasing mitochondrial transmembrane
[58]
potential . In addition to mitochondria-derived ROS,
cellular nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase also acts as an important source
of ROS, generating superoxide anions by catalysing
[60]
the oxidation of NADPH . Among the seven Nox
enzymes (Nox1-5, Dual oxidase Duox1 and Duox2),
Nox1 and Nox4 induced in hepatocytes by infecting
with HCV phenotype 2a and 1b or expressing HCV
[60,61]
proteins contribute to ROS production
. In brief,
ROS accumulation caused by HCV infection in the
liver further leads to activation of the signalling factors
phosphoinositide 3-kinase (PI3K), Janus kinase, MAPK
pathways or transcription factor NF-κB, activator
protein-1 (AP-1), STAT3, HIF-1α, PPAR-γ and Nrf2, and
those pathways induce downstream inflammatory and
[62-65]
immune responses
.
HCV protein expression is also accompanied by strong
endoplasmic reticulum stress (ERS). HCV structural
and NS proteins are continuously processed in ER[66,67]
derived membrane structures
, perturbing normal
[67,68]
ER functions and inducing ER stress
. The unfolded
protein response (UPR) is that cells respond to ERS by
activating an adaptive cellular programme and alleviate
ER stress by inducing protein folding and degradation
[66]
in the ER and decreasing overall protein synthesis .
The UPR is mediated by three ER transmembrane
proteins: cleavage of activating transcription factor 6
(ATF-6), inositol-requiring enzyme 1 (IRE1) and PKRlike endoplasmic reticulum kinase (PERK) and their
downstream factors X-box binding protein 1 (XBP-1)
[66]
and eukaryotic initiation factor 2α (EIF2α) . The UPR is
initially activated in HCV-infected Huh7.5.1 cells and HCVtransgenic mice, resulting in the phosphorylation of IRE1,
[69]
EIF2α and ATF-6, and splicing of XBP-1 . However, HCV
RNA or protein per se also exerts the resistance for UPR,
such as XBP-1 activity downregulation in HCV-expressing
cells and PERK activity inhibition by HCV E2, leading to
a reduction in ER-associated protein degradation and
[66]
UPR-associated translational attenuation, respectively .
Virtually, there is an interaction between ERS and
inflammation, and ERS might be both a trigger and
[70]
a consequence of chronic inflammation . NS5A
expression in the ER triggers ERS and ultimately leads
to the activation of STAT3 and NF-κB, and this pathway
is sensitive to mitochondrial calcium uptake inhibitors,
calcium chelators and antioxidants, therefore providing
evidence for the role of ERS and oxidative stress in the
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activation of the inflammatory response during HCV
[71]
infection . Under severe ERS, the UPR activates the
JNK/AKT pathway and phosphorylates NF-κB protein
IκB kinase (IKK), leading to cleavage of IκBα and
[70]
2+
activation of NF-κB . UPR-independent Ca release
and excessive ROS and ER chaperone GRP78 that leak
into the cytosol were also proposed to activate NF-κB to
[70]
induce inflammation . In turn, inflammatory factors
also exacerbate ERS and oxidative stress. For example,
TNF-α induced intracellular excessive generation of ROS,
which in turn induced ERS, whereas IL-1β and TNF-α also
[72,73]
increased ERS in a nitric oxide dependent manner
.
The ERS and oxidative stress networks interact
with each other and therefore play a key role in local
and systemic inflammatory responses. HCV infection
triggers ERS and disrupts mitochondrial signalling
and cytosolic redox homeostasis, thereby inducing
oxidative stress and inflammation. ERS and oxidative
stress might individually or concurrently stimulate or
exacerbate inflammatory responses, and vice versa.

ANTI-INFLAMMATORY/
HEPATOPROTECTIVE THERAPY IN HCV
INFECTION
DAAs have been used clinically for several years,
and some limitations were reported, including drugresistance, low efficacy in cirrhotic patients, drug
interactions, liver toxicities, HBV reactivation and skin
[6,74-77]
reactions
. Anti-inflammatory/hepatoprotective
agents have fewer side effects for the treatment of HCVinduced liver injury, fibrosis, cirrhosis or even HCC, as
demonstrated by their long-term use in liver health
[77-80]
cares in many Asian countries
. Most of these agents
are natural or naturally derived compounds, and many
have anti-HCV effects. After DAA treatment, some
patients are still subject to persistent disease progression
[81]
and HCV relapse . Therefore, anti-inflammatory/
hepatoprotective agents with anti-HCV activity might be
a better treatment choice for preventing CHC progression
to severe liver diseases when used in combination with
or subsequent to DAA therapy. According to the chemical
category and practical application in the clinic, we mainly
focus on certain representative plant or plant derivate
active constituents considered to be the most promising
for anti-inflammatory/hepatoprotective therapy in HCV
infection, including the flavonoid compound silibinin,
terpenoid compound andrographolide, polyphenols
compound curcumin, alkaloids oxymatrine and herb[77,78,80]
derived antioxidant bicyclol (Figure 3)
.

Silibinin

Flavonoids or bioflavonoids are found in numerous
plants, and over 4500 flavonoids or their subgroups
have been identified to date, of which silymarin and
[77,80]
silibinin are representative compounds
. Silymarin
is extracted from the seeds of the milk thistle Silybum
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Promising anti-inflammatory/hepatoprotective agents for chronic hepatitis C
Compound

Chemical
category

Formula

Silibinin

Flavonoids

C25H22O10

Andrographolide

Terpenoid

C20H30O5

Curcumin

Polyphenol

C21H20O6

Alkaloids

C15H24N2O2

Herbderived
synthetic
compounds

C19H18O9

Oxymatrine

Bicyclol

Chemical structure

Mechanism of anti-HCV

Major ani-inflammatory/
hepatoprotective activity

Ref.

Block viral entry, fusion,
Anti-oxidation, anti[81-83,85]
RNA and protein synthesis, inflammation, anti-proliferation
N5SB polymerase activity and and immunomodulation; Limit
transmission.
de novo fibrogenesis-related
inflammation and prevent
carcinogenesis in hepatocellular
carcinoma.
Inhibit HCV protein synthesis, Scavenge free radicals, decrease [78,93,96-98,101]
RNA replication and infection;
lipid peroxidation, regulate
Activate the antiviral IFN
immune responses and prevent
response and suppress HCV infection and cancer; Depletion
NS3/4A protease activity.
of glutathione, induction of
cytochrome P450, normalization
of the levels of hepatitis markers.
Inhibit HCV replication by
Suppress severe cytokine storm,
[79,105-112]
inducing HO-1- and AKTalleviate liver injury or fibrosis,
related signaling pathways; inhibit HSC activation, suppress
Block viral entry into human
activation of leptin signaling,
hepatocytes.
enhance AMP-activated protein
kinase activity.
Inhibit HCV replication by
Reduce serum transaminase
[118-120,122-126]
destabilizing heat stress
or alkaline phosphatase level,
cognate 70 mRNA and
modulate TLR4-dependent
downregulating the expression
inflammatory pathways,
of Hsc70.
attenuate liver injury and
improve experimental hepatic
fibrosis, exert anti-cancer effects;
Treatment of chemotherapyinduced hepatotoxicity.
Decrease HCV load in the
Exert hepatoprotective and
[127,134,136-139]
clinic without reported
anti-inflammatory effects in
mechanism.
chemical-, immunological-,
fatty-, drug-induced and
surgery-caused liver injury
animal models; Prevent hepatic
fibrosis induced by CCl4,
dimethylnitrosamine, bovine
serum albumin and bile duct
ligation.

Figure 3 Promising anti-inflammatory/hepatoprotective agents for chronic hepatitis C. HCV: Hepatitis C virus; IFN: Interferon; NS: Non-structural; HO-1: Heme
oxygenase-1; TLR: Toll-like receptor.

oral administration of silymarin had little effect on liver
enzyme activity and viral load in HCV-infected patients
[86-88]
due to its rapid metabolism and low bioavailability
,
intravenous injection of water-soluble, succinateconjugated silibinin formulations showed significant
antiviral effects in CHC patients who failed to treatment
[89,90]
with the standard pegylated IFN/ribavirin therapy
.
Other flavonoids, such as epigallocatechin-3-gallate,
naringenin, quercetin, luteolin and apigenin, also have
potential anti-HCV activities, hepatoprotective and anti[77,91,92]
inflammatory activities
. Therefore, these agents
are expected to be developed for the treatment of
hepatitis C patients with advanced liver diseases.

marianum and comprises at least seven flavonolignans
(silybin A, silybin B, isosilybin A, isosilybin B, silychristin,
isosilychristin and silydianin) and one flavonoid
[81,82]
(taxifolin)
. Silibinin (formerly named silybin) is the
major bioactive compound of silymarin and is widely
used for the treatment of insulin resistance, alcoholic/
non-alcoholic liver disease and viral hepatitis because of
its antioxidative, anti-inflammatory, anti-proliferative and
[81-84]
immunomodulatory properties
. In vitro and in vivo
studies showed that silymarin/silibinin could stimulate the
expression of lysophosphatidylcholine acyltransferase,
reduce the level of liver cirrhotic platelet-activating factor
or block the activation of major signalling pathways,
such as NF-κB and TGF-β signalling, thus limiting de
novo fibrogenesis-related inflammation and preventing
[82,85]
carcinogenesis in HCC
. Moreover, silymarin and
silibinin were found to inhibit HCV infection in cell cultures
by blocking viral entry, fusion, RNA and protein synthesis,
[84]
N5SB polymerase activity and transmission . Although
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Andrographolide

Among the various secondary metabolites produced
by plants, terpenoids are phytochemicals with potential
therapeutic applications for the treatment of liver cancer,
of which labdane diterpenoid compound andrographolide
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(C20H30O5) is isolated from the stem and leaf of
Andrographis paniculata and was initially used to treat
upper respiratory tract infections with good safety but was
later reported to have anti-inflammatory/hepatoprotective
[78,79]
effects
. Its mechanisms of action are mainly via
scavenging free radicals, decreasing lipid peroxidation,
regulating immune responses and preventing infection
[78,93]
and cancer
. In vitro and in vivo, the anti-inflammatory
activities of andrographolide were attributed to the
attenuation of the protein kinase C, extracellular signalregulated kinase (ERK)1/2 or PI3K/AKT pathways, leading
[93-95]
to the inhibition of NF-κB signalling pathway activation
.
The anti-hepatotoxic activities of andrographolide were
correlated with depletion of glutathione, induction of
cytochrome P450 or normalization of the levels of hepatitis
markers such as alkaline phosphatase and glutamic
[96-98]
pyruvate transaminase
. The synthetic analogues
of andrographolide exhibit analgesic, antipyretic and
anti-inflammatory effects without notable toxicity in
[99,100]
animal models
. Moreover, andrographolide was
reported to inhibit HCV protein synthesis, RNA replication
[101]
and infection
. Detailed mechanisms showed that
andrographolide activates p38 MAPK phosphorylation
and stimulates Nrf2-mediated heme oxygenase (HO)-1
expression, thereby increasing the amounts of its
metabolite biliverdin, which was found to activate the
antiviral IFN response and suppress HCV NS3/4A protease
[101,102]
activity
. These findings support a clinical trial of
andrographolide and its derivatives for the treatment of
severe CHC.

curcumin has anticarcinogenic and chemopreventive
effects through arresting the cell cycle and/or inducing
[103]
apoptosis in a p53 dependent manner , as well as by
[105]
activating caspase cascades . Curcumin also inhibits
HCV replication by inducing HO-1- and AKT-related
[110,111]
signalling pathways
or by blocking viral entry
[112]
into human hepatocytes
. Therefore, based on the
available pharmacological data obtained from in vitro
and in vivo studies, as well as clinical trials, there is an
opportunity to translate curcumin into clinics for therapy
of CHC with hepatic cirrhosis and HCC in the near future.

Oxymatrine

Oxymatrine and its active metabolite matrine are
the major alkaloid aqueous extracts from the root of
Sophora flavescens, Sophora tonkinensis and Sophora
[113]
alopecuroides . Clinically, oxymatrine has been used
to treat chronic hepatitis B and leukopenia caused by
[113,114]
tumour radiotherapy and chemotherapy in China
.
In recent years, many laboratory and clinical trials have
also shown the antiviral activity of oxymatrine against
[115-117]
HCV in cell cultures and human studies
. Oxymatrine
or its derivatives destabilize heat stress cognate 70
(Hsc70) mRNA and thereby downregulate the expression
[118-120]
of Hsc70
. As Hsc70 is packaged into HCV particles
and becomes a structural component of the virus in the
assembly process, oxymatrine or its derivatives could
[118,121]
inhibit HCV replication
. Oxymatrine could also
inhibit inflammatory activity as defined by reducing
serum transaminase or alkaline phosphatase levels,
modulating TLR4-dependent inflammatory pathways,
attenuating liver injury and improving experimental
hepatic fibrosis by downregulating fibrosis-related gene
expression, decreasing collagen deposits, inducing
[122-126]
apoptosis of HSCs or inhibiting lipid peroxidation
.
Furthermore, accumulating research suggests that
oxymatrine has anticancer effects, which might have
therapeutic effects on HCC caused by HCV infection, but
could also be used in the treatment of chemotherapy[127,128]
induced hepatotoxicity
. Therefore, oxymatrine
is expected to be used in CHC patients with liver
inflammation or injury and could improve chemotherapyinduced hepatotoxicity or increase the survival rate of
HCC patients.

Curcuminoids

Curcumin, a hydrophobic polyphenol derived from the
rhizome of the herb turmeric (Curcuma longa), has been
[103]
widely used as a spice and colorant in foods . To date,
extensive clinical studies have proven its pharmacological
properties of anti-inflammatory, antioxidant, antiviral,
anticancer, hypoglycaemic, wound-healing and
antimicrobial activities and showed that curcumin is safe
[104]
and well tolerated
. In view of these observations,
curcumin is predominantly used to treat inflammatory
diseases via multiple mechanisms involving inflammatory
transcription factors, cytokines, redox status or protein
[105]
kinases . Curcumin suppresses the severe cytokine
storm caused by infection with severe viruses, such as
HIV, HSV, HBV and HCV, and might be potentially useful
[106]
to treat inflammation induced by Ebola virus infection .
For its hepatoprotective property, curcumin alleviates
liver injury or fibrosis by targeting platelet-derived growth
factor-β receptor, TGF-β, TLRs, MMPs and peroxisome
proliferator-activated receptors and decreasing
[78]
inflammatory cytokines . In vitro studies showed
that curcumin inhibits HSC activation via preventing
[107]
leptin from increasing intracellular glucose levels
,
suppressing advanced glycation end-product-dependent
[108]
activation of leptin signalling
or enhancing AMP[109]
activated protein kinase (AMPK) activity
and therefore
reduces liver fibrosis. In addition, evidence suggests that
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Bicyclol

To date, although the effects of ROS and the host
[56,63]
redox system on HCV replication remain unclear
and different antioxidants show controversial anti[63,129-131]
HCV effects
, clinical evidence suggests that
antioxidant therapy might alleviate necroinflammation
[131,132]
and fibrosis progression
. Classical antioxidants,
[63]
[133]
such as glutathione (GSH) , N-acetyl cysteine (NAC)
[130]
and vitamin E , have been reported to treat hepatitis
C with efficacy. In addition, bicyclol (4,4’-dimethoxy5,6,5’,6’-bis(methylenedioxy)-2-hydroxymethyl-2’methoxycarbonyl biphenyl), a synthetic compound
derived from schizandrin C extracted from the Chinese
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medicinal herb Fructus schisandrae, has potent
antioxidative and certain anti-HCV effects in the clinic
[134,135]
with safety
. Clinically, bicyclol tablets are used
in many countries to treat various non-viral hepatitis
and chronic hepatitis B and C accompanied by mild
and moderate serum aminotransferase abnormality.
Preclinical pharmacological experiments also showed that
bicyclol exerts hepatoprotective and anti-inflammatory
effects in chemical-, immunological-, fatty-, drug-induced
[135]
and surgery-caused liver injury animal models
.
Bicyclol also prevents hepatic fibrosis induced by CCl4,
dimethylnitrosamine, bovine serum albumin and bile
[136-139]
duct ligation
. Although the detailed mechanism
varies in different models, the overall effect of bicyclol is
derived from stabilizing mitochondrial and hepatocyte
membranes, scavenging free radicals, reducing lipid
peroxides, enhancing antioxidant gene expression or
activity or inhibiting liver cell apoptosis, and thus achieves
anti-inflammatory, antioxidant and liver cell-protective
[135,140]
activities
. These effects of bicyclol and its antiviral
activities make bicyclol a promising drug for treating CHC
patients with liver injury or co-infection with HBV.

or after DAA therapy. Meanwhile, their anti-HCV effects
could prevent HCV relapse after the DAA treatment.
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In 1988, Rudolf Pichlmayr pioneered split liver trans
plantation (SLT), enabling the transplantation of one
donor liver into two recipients - one pediatric and one
adult patient. In the same year, Henri Bismuth and
colleagues performed the first full right/full left split
procedure with two adult recipients. Both splitting
techniques were rapidly adopted within the transplant
community. However, a SLT is technically demanding,
may cause increased perioperative complications,
and may potentially transform an excellent deceased
donor organ into two marginal quality grafts. Thus,
crucial evaluation of donor organs suitable for splitting
and careful screening of potential SLT recipients is
warranted. Furthermore, the logistic background of
the splitting procedure as well as the organ allocation
policy must be adapted to further increase the number
and the safety of SLT. Under defined circumstances, in
selected patients and at experienced transplant centers,
SLT outcomes can be similar to those obtained in full
organ LT. Thus, SLT is an important tool to reduce the
donor organ shortage and waitlist mortality, especially
for pediatric patients and small adults. The present
review gives an overview of technical aspects, current
developments, and clinical outcomes of SLT.
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Core tip: As of today, split liver transplantation (SLT)
is a widely adopted but yet technically demanding
approach to enable liver transplantation especially in
very young recipients, and to reduce organ shortage
and waitlist mortality. In contrast to full organ liver
transplantation, many technical evaluations concerning
the donor organ, the recipient, as well as the splitting
procedure and the organ allocation policy, must be
considered before a SLT can safely be performed. The
present review gives insight into current controversies,
technical challenges, and clinical outcomes of SLT.
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Figure 1 Graft survival of liver transplants in 0-17-year-old pediatric
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INTRODUCTION
The first orthotopic liver transplant (LT), published by
Thomas E Starzl, was performed in a 3-year-old patient
[1]
diagnosed with biliary atresia . During the following
years shortage of size-matched grafts for children
became an evident dilemma. In the 1980s, Henri
Bismuth introduced the method of graft size reduction
to enable the use of adult donor grafts for pediatric
[2]
LT . However, by thus reducing waitlist mortality for
pediatric or small adult patients, this technique in parallel
increased the organ shortage for adult recipients by
sacrificing the remnant liver. In 1988, Rudolf Pichlmayr
was the pioneer of split liver transplantation (SLT),
enabling the transplantation of one donor liver into
[3]
two recipients - one pediatric and one adult patient .
In the same year Bismuth and colleagues performed
the first full right/full left split procedure with two adult
[4]
recipients . Both split techniques were rapidly adopted
within the transplant community and already in 1990,
Christoph Broelsch published a report on the outcome of
[5]
30 split liver transplants .
While in the 1980s the waitlist mortality of pediatric
recipients was 40%, SLT and living donor liver
transplantation (LDLT) helped reduce it down to 10%
[6]
in infants and to 5% in older children today . A novel
analysis of the development of graft survival rates in
LT performed in pediatric patients and reported to the
Collaborative Transplant Study (CTS, https://www.
ctstransplant.org) is shown in Figure 1. Graft survival in
pediatric LT is steadily increasing and current 5-year posttransplant graft survival is nearly 80%. Furthermore, SLT
and LDLT enabled LT of very small infants and newborns.
Since 1995, the proportion of 0-5-year-old children
among recipients of pediatric LT has remained nearly
constant at 65%, with a high proportion (almost 30%)
in less than 1-year-old infants (Figure 2). As shown in
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Figure 2 Different pediatric age groups and distribution of liver
transplants by transplant year from 1995-2016.

Figure 3a, the ratio of LDLT has been steadily increasing
in pediatric LT since 1995. Today, approximately one third
of livers transplanted into pediatric recipients are derived
from living donors (Figure 3a). On the other hand, the
absolute number of livers transplanted into pediatric
recipients from deceased donors has not decreased, and
thus SLT resulted in an extension of the organ pool and
reduction of donor organ scarcity for pediatric as well as
adult LT recipients.
Performing a SLT is technically highly demanding in
adult patients and may cause increased perioperative
complications. The rate of living donors is steadily
increasing in patients receiving an SLT and is currently
reported to be 46% (Figure 3b). When comparing SLT
recipients and full organ recipients, rates of LT using
reduced size or split grafts have been steadily increasing
until the period of 2000-2004 and since then has leveled
off at 13%-15% (Figure 3c). In the first decades of
SLT, increased complication rates caused hesitation to
further spread the use of SLT. Ethical discussions were
raised whether by splitting a liver, an excellent organ is
[5,7-9]
converted into two marginal quality grafts
; whether
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an adult recipient should be allowed to refuse a split
organ remains an unresolved ethical issue. Complication
rates of up to 66.7% after SLT versus 45.1% after full
[10,11]
organ LT have been described
, especially due to
early biliary complications (18.8% in SLT vs 7.5% in full
organ LT) and portal vein thrombosis (14.6% in SLT vs
[11]
3.6% in full organ LT) .
In recent years experienced transplant centers
have published favorable SLT outcomes similar to those
[12-15]
obtained in full organ LT
, supporting the argument
that under defined conditions SLT should continue to
be promoted. Therefore, allocation policies focusing
on increasing SLT must be developed and transplant
centers should be encouraged to perform SLT whenever
safe and possible.

performed at the right side of the falciform and round
ligament, ending between the left and middle hepatic
vein. Bile ducts of segments I and IV should be carefully
saved while the hilar plate is sharply divided, including
segment II and III bile ducts at the longitudinal section
of the left portal vein. Finally, the dissected left portal
vein, left artery, and left hepatic vein are divided. In the
case of very small pediatric recipients, monosegment
grafts consisting of segment II or segment III only can
be applied.
In contrast, full size splits consisting of segments
I-IV and segments V-VIII (Figure 4, black line) enable
transplantation of two adult recipients, although the
left lobe (without segment I) is generally only suitable
for a small adult. Here, the safe biliary drainage of all
segments is especially crucial. In contrast to a “classical
split”, the transsection plane of the liver parenchyma
is significantly larger. Furthermore, due to the lack of a
clear anatomic structure like the falciform ligament to
indicate the resection line, in situ splitting (i.e., splitting
before cold perfusion) should, whenever possible, be
preferred. Potential anatomic variants of blood vessels
and bile ducts must be carefully evaluated. Especially
in full splits, the principle of avoiding multiple small
[4]
anastomoses, defined by Henri Bismuth , is crucial. A
normal left lobe consists of a single portal vein and a
single hepatic duct, a venous outflow, which often has a
common ostium (left + middle vein), and often multiple

Surgical techniques
Using the “classical” form of SLT, the liver is divided
into a left lateral lobe (LLL) graft (segments II + III)
for a pediatric or small adult recipient and an extended
right lobe (eRL) graft (segments I + IV-VIII) for an
[16]
adult recipient (Figure 4, yellow line) . During the
splitting procedure the hepatoduodenal ligament is first
dissected from the left side for adequate identification
of the left hepatic artery. Then, the left portal vein is
dissected, resulting in a deportalization of segment
IV. The following dissection of the liver parenchyma is
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Table 1 Recently published formulae to calculate the liver volume
Ref.

Formula

Urata et al[20], 1995
Vauthey et al[21], 2002

Heinemann et al[17], 1999
Kokudo et al[19], 2015
Herden et al[18], 2013

Patient group

LV (mL) = 706.2 × BSA (m2) + 2.4
96 patients (65 pediatric)
Based on BSA:
292 adults
LV = -794.41 + 1267.28 × BSA (m2)
r2 = 0.46; P < 0.0001
Based on patient weight:
LV = 191.80 + 18.51 × body weight (kg)
r2 = 0.49; P < 0.0001
LV (mL) = 1072.8 × BSA (m2) - 345.7
1332 patients
LV = 203.3 - (3.61 × age) + [58.7 × thoracic width (cm)] - [463.7 × 180 Japanese and 160 Swiss
race (1 = Asian, 0 = Caucasian)]
patients
Children 0 to ≤ 1 yr:
388 pediatrics
LV (mL) = 143.062973 + 4.274603051 × body length (cm) +
14.78817631 × body weight (kg)
Children > 1 yr to < 16 yr:
LV (mL) = 20.2472281 + 3.339056437 × body length (cm) +
13.11312561 × body weight (kg)

Technique
CT
CT

Autopsy
CT
Autopsy

LV: Liver volume; BSA: Body surface area; CT: Computed tomography.

branches of small hepatic arteries. A “normal” right lobe
consists of a single right artery, but often shows multiple
venous branches, hepatic ducts, and sometimes even
multiple branches of the portal vein. During the full split
procedure it is recommended that the left lobe retains
the celiac trunk, whereas the right lobe retains the main
hepatic duct, the main portal vein, and the caval vein.
For adequate venous drainage the left common ostium
of the left and middle vein is anastomosed with the
recipient venous cuff created from all three hepatic veins
during a piggyback LT technique. For excellent venous
outflow of the right lobe, reconstruction of the middle
vein must be considered, and for reduction of the risk of
a small-for-size syndrome, portal inflow modification of
the recipient needs deliberation. Potential modifications
are: (1) splenic artery ligation, (2) splenectomy, (3)
creating a hemi-portocaval shunt, and (4) (temporary)
preservation of preexisting portocaval collaterals. If
a relevant small-for-size syndrome still occurs, early
retransplantation must be considered.
A crucial aspect to avoid small-for-size (or, in small
infants, large-for-size) syndromes is the meticulous
evaluation of the donor liver volume. For the Caucasian
population, liver volume can be calculated as 1072.8 *
2
[17]
body surface area (m ) - 345.7 . However, multiple
formulae exist to calculate the liver volume of a potential
donor, considering weight, body surface area, ethnicity,
and thoracoabdominal circumference (see overview in
[17-21]
Table 1
).
In LDLT, a minimal graft-to-recipient weight ratio
[22-24]
of 0.6%-0.8% has been suggested
. However,
since LDLT grafts are derived from very healthy donors
under ideal organ procurement conditions that include
a minimal cold ischemia time, the minimal graft-torecipient weight ratio considered safe in deceased donor
[8,22,25,26]
SLT appears to be 0.8%-1.0%
. As a simplified
estimation, the liver weight represents 2% of the
body weight of a normal weight adult. A LLL split thus
consists of approximately 250 ml of liver parenchyma
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and an eRL of 1100 ml of liver parenchyma. However,
due to the often mal- or non-perfused segments IV
and I in eRL grafts, their functional liver parenchyma is
often smaller. A full left split consists of approximately
400 ml liver parenchyma, thus being sufficient for adult
recipients up to a body weight of 40-50 kg. A full right
split with 800-1000 ml of liver parenchyma serves
recipients up to 80-100 kg body weight, assuming a
perfect venous drainage of the whole parenchyma of
[27,28]
the right lobe
. An overview of mostly used grafts
in living donor and deceased donor SLT is given in
Figure 5. Within the CTS population the majority of SLT
performed using living donors are either LLL (38.4%) or
extended right splits (41%). In contrast, in 4241 SLTs
performed with deceased donor organs from 1995-2016
a significant variation in types of SLTs exists (Figure 5).
The “classical form” of SLT from deceased donors,
namely left lateral or eRL SLT, is currently performed
in approximately 74% of SLT, whereas full left/right
lobe SLT is performed in 17% of SLT (Figure 6a). As
illustrated in Figure 6b, left lateral splits are used in
33.9% of the cases for less than 1-year-old recipients
and in 50.1% of the cases for 1-5-year-old recipients.
A minority of left lateral SLT grafts is used for recipients
older than 6 years. Left lobe SLT grafts are used in
12.3% of the cases for less than 1-year-old recipients,
in 31.6% of the cases for 1-5-year-old recipients, and
in 37.7% of the cases for 6-14-year-old recipients. In
contrast, almost 90% of right lobe or eRL grafts are
used for adult recipients (Figure 6b), and 16.8% of left
lobe splits are used for (small) adult recipients.
When SLT from living donor organs were analyzed
within the CTS population, 637 right lobe, 217 left
lobe, and 594 LLL donations were performed from
1995-2016 (Figure 6c). In adult recipients, 95.1% of
right lobes, 18.4% of left lobes, and 5.1% of LLL were
used, whereas 27.6% of left lobes and more than 80%
of LLL were used for 0-5-year-old infants (Figure 6c).
The decision making for deceased donor SLT
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operating time during organ procurement is needed
and might result in quality impairment regarding other
organs procured from the same donor. If the split is
performed after donor hepatectomy, i.e., ex situ in the
recipient center, a respective longer cold ischemia time of
the donor liver will result.
A current analysis of 37333 deceased donor LT in
the United States revealed that 2352 (6.3%) of these
livers met strict criteria for potential split, however only
1418 livers (3.8%) were indeed split. During the study
period, less children died on the waitlist than livers were
procured that could potentially have been split and used
for SLT. Thus, an infant waitlist mortality of 10% and
pediatric waitlist mortality of 5% in the United States
[6]
could theoretically be eliminated by promoting SLT . An
overview of rates of SLT and criteria to perform a SLT in
different transplant programs is given in Table 2. While
most programs show SLT of up to 6%, programs in the
United Kingdom, Brazil, and Argentina reach 10%. The
highest rate of SLT is in the Northern Italian region at a
rate of 20%. According to ideal evaluation regimes of
donor organs, in situ splitting and a modified allocation
policy promoting SLT in Northern Italy, this region is
a pioneer in promoting SLT with a very high outcome
quality in selected patients (see Outcome section). When
comparing the rates of SLT reported to the International
Registry in Organ Donation and Transplantation (IRODaT)
for 2016, variations of SLT rates between 0% and
20% have been published (Table 3). A weakness of
this database is the voluntary reporting of SLT rates

must factor in careful donor selection, logistic aspects
concerning the split procedure, and the condition of
[28]
the recipient. Concerning donor selection, Liu et al
recommended the following criteria for “classical” SLT:
hemodynamically stable patients younger than 55
years, duration of ICU treatment less than 5 d, fatty
degeneration of the liver of less than 30%, GGT < 50
U/l, GPT < 60 U/l, and serum sodium < 160 mmol/l.
For full right/left SLT, donors should weigh more than 70
kg, be younger than 40 years, duration of ICU treatment
less than 3 d, and fatty degeneration of the liver should
[28]
be less than 10% . These criteria slightly differ between
transplant programs world-wide (see Table 2). Analyzing
the CTS data, the median age of deceased donor livers
used for SLT is 28-30 years and has remained constant
since 1995 (Figure 7a). However, the median age of the
deceased donor livers slightly increases in relation to the
age of the recipient (Figure 7b). This reflects ongoing
discussions of the influence of donor age on long-term
[29]
outcomes after LT and SLT . At the same time these
data show that the maximum donor age tolerated for
SLT in most transplant programs (see Table 2) is not
exhausted and decision making for SLT may be stricter
[29]
than needed .

Ethical issues
Because splitting a liver is a technically demanding
procedure, outstanding surgical expertise is warranted.
If the split procedure is performed in situ, up to 3 h more
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Table 2 Criteria and rates of split liver transplantation in different transplant programs according to the transplant programs
homepages
Program

Rate of SLT

Donor age

Weight/BMI

Transaminases

Other criteria

< 40

< 28 kg/m2

< 3 × ULN

Single vasopressor

ET
United Kingdom
Argentina/Brazil

1%-4% (but according
to UNOS criteria > 10%
eligible)
6%
10.6%
10%

< 50
< 40
< 47

> 50 kg
> 50 kg
umbilical perimeter < 92
cm

AST < 42 U/L
ALT < 29 U/L

Oceania
Scandia-transplant
Saudi-Arabia
South Africa
Japan
Italy

6%
?
5.6%
3%
1.8%
8% (Northern Italy: 20%)

< 51

< 26 kg/m2

ALT/AST < 3 × normal

< 4 d ICU

Near-normal liver
function tests

< 5 d ICU Low inotropic
support

UNOS

< 60

< 5 d ICU

ALT: Alanine transaminase; AST: Aspartate aminotransferase; ET: Eurotransplant; ICU: Intensive care unit; SLT: Split liver transplantation.

100

LT (89% vs 93%, p > 0.05). However, the 5-year overall
survival rate and graft failure-free survival rate (both 63%)
of eRL splits were significantly worse than in the full organ
LT group (79%, p = 0.05. Factors resulting in a reduced
overall survival in eRL recipients were a MELD-score
greater than 30 and donor-recipient weight ratio less than
1.0. In subgroup analyses the outcome of both groups
was equivalent if a donor-recipient weight ratio greater
[30]
than 1.0 was observed in the eRL recipients .
A recent European Liver Transplant Registry analysis
of 1500 pediatric recipients of left lateral split LT
between 2006 and 2014 described SLT as safe when
identified risk factors were avoided. Risk factors for graft
failure in multivariate analyses were urgency of SLT,
recipient body weight less than 6 kg, donor age greater
than 50 years, and a prolonged cold ischemia time (HR
= 1.07/h). The authors concluded that recipients less
than 6 kg and recipients needing urgent SLT needed
cold ischemia times less than 6 h and careful graft/
[31]
recipient size matching . Another recent analysis of
the European Liver Transplant Registry showed the
impact of the Eurotransplant (ET) allocation policy on
the outcome of eRL SLT. Current SLT allocation by ET
allocates a splittable organ primarily to the pediatric LT
center. After splitting, eRL splits are mostly reallocated
to a second transplant center. Of the 5351 LTs analyzed,
269 were eRL SLTs. Patient survival rates showed no
significant differences in eRL SLT vs whole organ LT
(5-year overall survival of 73.6% after whole organ
as well as after eRL LT). However, cold ischemia times
were significantly longer in eRL recipients (12.1 ± 3.3
h vs 8.3 ± 2.8 h, p < 0.001) and eRL recipients had a
significantly higher risk for retransplantation (14.4%
after eRL SLT; 10.2% after whole organ LT, p = 0.02).
Furthermore, overall survival correlated with a MELDscore greater than 14 in eRL recipients, whereas this
correlation was only seen for MELD-scores greater than
[32]
20 in whole organ LT recipients .
A critical point of this analysis was that splitting
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Figure 5 Split or reduced liver transplants from 1995-2016 categorized
according to graft size.

to the IRODaT, resulting in underrated SLT rates and
a lack of deceased donor organs due to religious and
cultural reasons in Asian countries (where in contrast a
huge expertise in LDLT exists). Nevertheless, based on
published criteria to perform an SLT in different transplant
programs and reported SLT numbers, a significant
discrepancy can be stated in most transplant programs,
and SLT should be further promoted.

Outcomes
In a recent Korean analysis, 86 eRL deceased donor split
LT in adult recipients were compared to 303 deceased
donor full organ LT. Of note, less than 25% of LT in South
Korea are performed using deceased donors, i.e., a great
surgical expertise in in situ splitting for LDLT exists. Groups
were matched for recipient age, MELD score, duration
of ischemia, and graft-to-recipient weight ratio. Donors
of eRL splits were significantly younger. There was no
significant difference in complication rates and 5-year graft
survival rates between deceased donor SLT and full organ
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Table 3 Numbers of liver transplantations, living-donor liver transplantations, deceased donor liver transplantations, and split
liver transplantations and the rate of split liver transplantation in deceased donor liver transplantation performed in different
transplant programs in 2016 according to the International Registry in Organ Donation and Transplantation

UNOS
Eurotransplant
Germany
Austria
Croatia
Netherlands
Belgium
Luxemburg
Hungary
Slovenia
Scandiatransplant
Sweden
Norway
Finland
Iceland
Denmark
China
India
Japan
South Korea
Australia
Brazil
Argentina
Mexico
Canada
South Africa
United Kingdom
France
Spain
Italy
Poland
Czech Republic
Balttransplant

Total number

Living donors

Deceased donors

Split-liver

Split-liver (%)

8082

367

7715

0

0

821
154
121
147
302
0
74
27
0
199
100
61
0
57
438
1473
314
2037
349
178
582
69
953
1317
1159
1220
345
179
33

61
2
0
0
46
0
0
0

760
152
121
147
256
0
74
27

74
6
0
0
1
0
0
0

9.01
3.90
0
0
0.33
0
0
0

2
0
0
0
0
381
965
2
157
37
3
73
15
32
5
28
7
28
1
0

197
100
61
0
57
57
508
312
1880
312
175
509
54
921
1312
1131
1213
317
178
33

0
0
0
0
0
8
36
65
0
0
0
0
2
101
0
0
98
0
0
0

0
0
0
0
0

was mainly performed ex situ in the transplant center
accepting the LLL, resulting in reallocation and prolonged
cold ischemia time of the eRL. In contrast, in Northern
Italy where the splitting procedures are mostly per
formed as in situ splits, reported excellent outcomes
[33]
of 382 eRL SLTs in a multicenter analysis . Since this
publication, all deceased donor livers from donors less
than 50 years of age and not allocated to high urgency
patients in Italy are now evaluated for SLT. If SLT is
done, allocation of the eRL is performed center-specific
[34]
outside the MELD allocation system . Recently, the
first long-term analysis of 119 matched-pair recipients
of whole LT recipients vs eRL SLT recipients in Italy
showed contradictive results; full organ recipients had
significantly longer 1-year, 5-year and 10-year overall
survival rates compared to SLT recipients (1 year: 93%
vs 73%, 5 years: 87% vs 65%; 10 years: 83% vs 60%,
[35]
p < 0.001) . Also graft survival rates were substantially
better in full organ recipients (1 year: 90% vs 76%; 5
years: 84% vs 57%; 10 years; 81% vs 52%, p < 0.001).
When analyzing the subgroup of patients who survived
the first year after LT, 5- and 10-year patient and graft
survival did not show more significant differences in
this publication. The authors identified the following risk
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factors for SLT recipients: (1) donor age less than 50
years, (2) graft-to-recipient weight ratio less than 1.0,
(3) retransplantation and (4) recipients with UNOS status
I-IIa. The authors concluded that SLT using eRL grafts, if
used after careful evaluation and in selected patients, can
achieve long-term outcomes similar to full organ LT, but
[35]
should not be performed in patients with risk factors .

The future of SLT
Recent clinical research has investigated the influence
of normothermic machine perfusion on procured livers.
A first report on feasibility and safety of normothermic
recovery of an initially rejected liver graft was published
[36]
by the Birmingham group in 2016 , and they subse
[37]
quently reported on five additional similar cases .
In 2018, the same group published the first splitting
procedure (eRL/LLL) during normothermic machine
[38]
perfusion . Although this marginal organ was not used
for LT after the split procedure, further research and
development of this technique may positively impact
future numbers of SLT in a monitored and safe manner.
Another ongoing discussion is the need to modify
organ allocation to promote SLT. The sickest first policy,
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represented by the Model of End Stage Liver Disease
(MELD) was implemented in UNOS in 2002 and in ET
[39,40]
at the end of 2006
. SLT allocation according to the
MELD system allocates a splittable organ primarily to
the center of the recipient with highest priority (mostly
the pediatric patient). After splitting is confirmed, the
unused split is reallocated to a second transplant center.
This allocation practice results in reduced rates of in situ
splitting, prolonged cold ischemia times, and potentially
higher complication rates with SLT. Center-based
allocation is performed in countries with few transplant
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centers, e.g., Australia and the United Kingdom. In these
programs reported SLT rates significantly exceed SLT
rates in MELD-based allocation regions. As the Northern
Italian experience has shown, all deceased donor livers
meeting criteria to perform SLT, and not allocated to
high urgency patients, should be offered for SLT. If SLT
is performed, then the allocation of both splits should be
performed center-specific outside the MELD allocation
system to create another incentive for the transplant
centers willing and able to perform an SLT. In situ splitting
should be performed whenever possible, but realize that
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such a new policy may result in further centralization
of transplant surgery or even discrimination of centers
not able to perform SLT. Also, a center-based allocation
system is more prone to subjective decision making and
should be critically monitored. Strasberg and colleagues
have suggested a nation- or transplant program-wide
focus of organ allocation based on the number of lives
[41]
saved, rather than the MELD-based sickest first policy .
Due to the increasing shortage of donor organs and
still relevant waitlist mortality, such a policy would be
an essential step towards improved quantities without
reduction of quality in LT.

7

8

9

10

Conclusion
SLT, although technically demanding, is a routine and
safe procedure resulting in increased numbers of LT,
increased feasibility of LT in very young recipients,
and in reduced waitlist mortality. Short and long-term
outcomes and survival can be similar to whole organ
LT if meticulous evaluations of donor organs and SLT
recipients are performed, and logistics of organ allocation
and splitting procedures are adapted. Because donor
organ scarcity remains a primary problem in LT today,
SLT is a valid solution and should be further promoted
by both transplant program regulations and participating
transplant centers/surgeons. Organ allocation policies
should be adapted to create further incentives for LT
centers willing and able to perform SLT. Safety must
continue to have highest priority in LT and SLT.
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Ulcerative colitis (UC), a chronic, relapsing, remitting
disease of the colon and rectum, is characterized
by inflammatory ulceration of the mucosa. Current
UC therapy relies on controlling acute episodes and
preventing relapse. To predict modifications in the
natural course of UC, mucosal healing (MH) has
emerged as a major treatment goal. Endoscopic
evaluation is considered the gold standard for assessing
MH, which can be achieved by conventional drugs and
biologics in many, but not all, patients. Consequently,
interest is focusing on the development of new
substances for UC therapy, and new oral agents are
in the pipeline. This review will focus on the ability of
newly developed oral drugs to induce and maintain MH
in UC patients.
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Core tip: The disease activity of ulcerative colitis (UC)
is not sufficiently controlled in a subgroup of patients
under the current therapeutic regimens. New oral
substances are in the pipeline for treating UC. Mucosal
healing (MH) has emerged as an important predictor
of modifications in the natural disease course of UC.
This review describes the efficacy of new oral drugs in
inducing and maintaining MH in UC.
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reduces the risk of dysplasia or cancer, lowers hospitali
sation and surgery rates, and improves quality of life,
thus modifying the natural course of UC by slowing
[18]
down, or even preventing, disease progression . Since
inflammation is limited to the mucosa in UC patients, MH
has become a central therapeutic goal, which may be
achieved by means of several classes of drugs, including
[19]
[20]
[21]
mesalamine , corticosteroids , immunomodulators ,
[22]
and biologics .
In this review, we discuss the efficacy of new
oral drugs, which have been recently developed and
successfully tested for UC therapy, in inducing and
maintaining MH.

Antonelli E, Villanacci V, Bassotti G. Novel oral-targeted
therapies for mucosal healing in ulcerative colitis. World J
Gastroenterol 2018; 24(47): 5322-5330
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5322.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5322

INTRODUCTION
Ulcerative colitis (UC) is a chronic, relapsing, remitting
inflammatory disease of the colon and rectum, causing
ulceration of the mucosa. Although UC usually has a
mild to moderate course, approximately 20%-25%
of patients suffer at least one severe acute attack,
[1]
requiring hospitalisation .
Current UC treatment relies on controlling acute
[2]
attacks and preventing relapse by means of firstline agents like aminosalicylates, steroids, and
immunosuppressants. When conventional therapy fails
because of lack of efficacy or drug intolerance, biological
agents may be administered to gain disease control.
However, the available agents (infliximab, adalimumab,
and golimumab) are often associated with primary and,
[3]
more importantly, secondary loss of response . In
addition to tumor necrosis factor (TNF)-α inhibitors, the
α4β7 integrin inhibitor vedolizumab has recently been
[4]
playing a major role in the therapeutic arsenal .
Advances in understanding the pathophysiology
of UC led to strategies that were designed to alter
[5]
cytokine levels . When attempting cytokine targeting,
it is important to remember the role of the cells that
produce and respond to those cytokines, and that
efficacy may be linked to the role of cytokines in nonimmune cells, all of which may limit therapeutic success
[6]
or cause unpredictable adverse events .
Fortunately, additional new therapeutic options have
been, and are still being, actively explored and some
have already entered daily clinical practice. Mucosal
healing (MH) has emerged as a major treatment goal
[7-9]
for patients with UC . Although endoscopy is the
[10]
gold standard for assessing MH , there are several
endoscopic definitions of MH, most of which are not
validated. In a recent consensus agreement called the
Ulcerative Colitis Endoscopic Index of Severity (UCEIS),
0 was defined as endoscopic response as were a ≥ 1
grade decrease in the Mayo endoscopic score or ≥ 2
[11]
point drop in the UCEIS .
Ideally, clinical recovery should be followed by
[12]
mucosal repair , which is assessed by evaluating the
macroscopic appearance of the mucosa at endoscopy.
MH is defined as resolution of visible mucosal
[13]
inflammation and ulceration at endoscopy , and
diverse endoscopic scoring systems were developed
[14]
to assess its presence or absence . Even though the
[15]
Mayo Endoscopic Score is one of the most frequently
[16]
[17]
used, only the UCEIS has been validated to date .
MH is crucial because it predicts long-term remission,
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JANUS KINASE INHIBITORS
Janus kinases (JAKs), a family of intracellular proteins,
consist of JAK 1, 2, and 3 and the related kinase
[23]
tyrosine kinase 2 (TYK2) . Several JAK inhibitors were
developed as therapy for immune-mediated diseases
[24]
like rheumatoid arthritis, IBD, and psoriasis . Some
compounds with JAK inhibitor activity have been tested
for efficacy as potential UC treatments. They are
small molecules characterized by oral administration,
short serum half-life, intracellular target, and non[25]
antigenicity . The results of JAK treatment for UC are
summarized in Table 1.

Tofacitinib

[26]

Tofacitinib , a non-selective JAK inhibitor, has recently
been approved in Europe for adult patients with
moderate to severe active UC who responded poorly,
lost response, or were intolerant to either conventional
[27]
therapy or a biologic agent . A few years ago, a
phase II clinical trial demonstrated for the first time
[28]
that tofacitinib was effective in UC . This trial was
conducted on 194 patients with moderate to severe UC
who had not responded to conventional therapy, antiTNF agents or a combined approach. Tofacitinib at doses
of 0.5, 3, 10 or 15 mg was administered twice daily
vs placebo for 8 wk. Patients displayed an excellent
clinical response, with the highest dose group having an
almost 78% response rate. The endoscopic response
was defined as a decrease of at least 1 from baseline
in the endoscopy subscore, and endoscopic remission
was defined as an endoscopic subscore of 0. At 8 wk,
endoscopic remission occurred in 1/48 patients (2%)
receiving placebo, compared with 3/31 (10%) receiving
0.5 mg of tofacitinib (P = 0.14), 6/33 (18%) receiving
3 mg of tofacitinib (P = 0.01), 10/33 (30%) receiving
10 mg of tofacitinib (P < 0.001), and 13/49 (27%)
receiving 15 mg of tofacitinib (P < 0.001). The post
[29]
hoc analysis
showed that median fecal calprotectin
(FCP) concentrations at week 8 were significantly lower
(P < 0.001) in responders than in non-responders (P <
0.001) with respect to endoscopic remission (44 mg/kg
vs 489 mg/kg) and MH (127 mg/kg vs 753 mg/kg).
Moreover, an FCP cut-off value of 150 mg/kg displayed
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Table 1 Summary of treatment results with Janus kinase inhibitors in ulcerative colitis patients
Study

Drug

Study population

Treatment arm

Endoscopy endpoint

Time of observation,
wk

Rate of mucosal
healing
Placebo 2%
Tofacitinib 0.5 mg =
10%, (P = 0.14)
Tofacitinib 3 mg =
18%, (P = 0.01)
Tofacitinib 10 mg =
30%, (P < 0.001),
Tofacitinib 15 mg =
27%, (P < 0.001)
Placebo 15.6%
Tofacitinib 10 mg =
31.3%, (P < 0.001)

Sandborn et al[28]

Tofacitinib

Moderate to severe Doses of 0.5, 3, 10, or Secondary end points;
UC patients (n = 194) 15 mg/twice daily vs Endoscopic remission:
placebo for 8 wk
an endoscopic
subscore of 0

At 8 wk

Sandborn et al[30]

Tofacitinib

At 8 wk

Sandborn et al[30]

Tofacitinib

Sandborn et al[30]

Tofacitinib

Motoya et al[31]

Tofacitinib

Moderate to severe Dose of 10 mg/ twice
Key secondary
UC patients (n = 614) daily vs placebo for
endpoint was MH
8 wk 16 patients
(Mayo endoscopic
received tofacitinib 15 subscore of 0 or 1)
mg twice daily
Moderate to severe
Dose of 10 mg twice
Key secondary
UC patients (n = 547) daily vs placebo for
endpoint was MH;
8 wk; 6 received
Mayo endoscopic
tofacitinib; 15 mg
subscore of 0 or 1
twice daily
Moderate to severe
Dose of 5 mg twice
Key secondary end
UC patients (n = 593)
daily, 10 mg twice
points were mucosal
daily, or placebo for
healing; Mayo
52 wk
endoscopic subscore
of 0 or 1
Moderate to severe
Dose of 5 mg twice
Key secondary
UC patients (n = 121
daily (OCTAVE
endpoint was MH
OCTAVE Induction sustain only), 10 mg
(Mayo endoscopic
1 and 2) (n = 63,
twice daily, or placebo subscore of 0 or 1
OCTAVE Sustain)

Sands et al[35]

Peficitinib

Moderate-to-severe
UC (n = 219)

Dose of 25 mg once
daily (qd), 75 mg qd,
150 mg qd, 75 mg
twice daily (bid) or
placebo

Secondary endpoint
was MH; Mayo
endoscopic subscore
of 0 or 1

At 8 wk

Placebo 11.6%
Tofacitinib 10 mg =
28.4%, (P < 0.001)

At 52 wk

Placebo 13.1%
Tofacitinib 5 mg =
37.4%, (P < 0.001)
Tofacitinib 10 mg =
45.7%, (P < 0.001)
At 8 wk (OCTAVE
Placebo 7.7%
Tofacitinib 10 mg
Induction 1 and 2);
= 24.2% (OCTAVE
At 52 wk (OCTAVE
Induction 1 and 2)
sustain)
Placebo 20%
Tofacitinib 5 mg =
45.5%
Tofacitinib 10 mg
= 57.1% ( OCTAVE
Sustain)
At 8 wk
Placebo 18.6%
Peficitinib 25 mg qd
mg = 20.5%
Peficitinib 75 mg qd =
29.5%
Peficitinib 150 mg qd
= 45.5% (P < 0.05)
Peficitinib 75 mg
bidmg = 36.4%

UC: Ulcerative colitis; OCTAVE: Oral Clinical Trials for tofAcitinib in ulceratiVE colitis.

the highest sensitivity and specificity for clinical (0.68
and 0.79, kappa = 0.44) and endoscopic (0.79 and 0.75,
kappa = 0.38) remission. The authors concluded that
daily fluctuations in FCP concentrations might account
for the low agreement between FCP and endoscopic
remission. In addition, residual inflammation might
still persist histologically despite MH and endoscopic
remission. Since safety concerns (hyperlipidemia and
viral infections) emerged for patients receiving the
highest dose, the US Food and Drug Administration
subsequently authorized only the 10 mg dose for clinical
development. Consequently, the most recent OCTAVE
(Oral Clinical Trials for tofAcitinib in ulceratiVE colitis )
trials on tofacitinib induction were conducted using a 10
[30]
mg dose twice daily .

WJG|https://www.wjgnet.com

OCTAVE trials: Three multi-centre, randomized,
double-blind, placebo-controlled trials (OCTAVE
Induction 1; OCTAVE Induction 2; and OCTAVE Sustain)
[30]
were conducted on moderate to severe UC . In the
OCTAVE Induction 1 and 2 trials, 1139 eligible patients
were randomly assigned to induction therapy with oral
tofacitinib at a dose of 10 mg twice daily or placebo for
8 wk. The primary endpoint was remission at the end
of the study, and the key secondary endpoint was MH
(Mayo endoscopic subscore of 0 or 1) at 8 wk. Of note,
endoscopic results were centrally assessed by a blinded
observer, a methodological advance that has been
adopted in recent UC studies. In the OCTAVE Induction 1
trial, 18.5% of patients receiving tofacitinib achieved the
primary end point, i.e., remission at 8 wk compared with
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8.2% of the placebo group (P = 0.007). In the OCTAVE
Induction 2 trial, remission rates were 16.6% vs 3.6%
(P < 0.001). Both trials displayed similar results for the
key secondary endpoint. MH was achieved in 31.3%
(OCTAVE 1) and 28.4% (OCTAVE 2) patients receiving
tofacitinib vs 15.6% and 11.6% in the placebo groups,
respectively (P < 0.001 for both comparisons). Although
these success rates may appear unimpressive, it should
be emphasized that both study populations were highly
treatment-refractory. All patients had, in fact, failed
to respond to conventional therapies for UC, including
TNF-blockers, and approximately half were receiving
corticosteroids at baseline. Nevertheless, in subgroup
analyses, a consistent treatment effect of tofacitinib
was observed in anti-TNF naïve and anti-TNF exposed
patients.
In the OCTAVE Sustain trial, 593 patients who had
completed the OCTAVE Induction 1 or 2 trial and had
responded clinically to induction therapy were assigned
to tofacitinib maintenance therapy (5 or 10 mg twice
daily) or placebo for 52 wk. MH, a key secondary end
point, occurred in significantly more patients than
placebo in both groups. Specifically, MH was observed in
74/198 patients (37.4%) in the 5 mg group and in 90/
197 (45.7%) in the 10 mg group, vs 26/198 (13.1%) in
the placebo cohort (P < 0.001 for both comparisons). At
week 24, MH was observed in 43.9% of the 5 mg group
and in 46.2% of the 10 mg group vs 17.2% of the
placebo group. Also at week 24, MH was maintained in
52.4% of participants with MH at baseline who received
the 5 mg tofacitinb dose and in 66.3% who received
10 mg tofacitinb, compared with 21.8% in the placebo
group (P < 0.001). Endoscopic remission, defined as an
endoscopic subscore of 0, was another end-point. After
24 and 52 wk, it was observed in 16.2% and 14.6%
of the 5 mg tofacitinib group and in 12.2% and 16.8%
of the 10 mg tofacitinib group, respectively, vs 4%
of placebo patients. Sustained endoscopic remission,
defined as responses at both week 24 and 52, was 6.1%
and 5.1% in the 5 mg and the 10 mg tofacitinib groups,
respectively.
In post-hoc analyses of East Asian patients with
active UC who were enrolled in global phase 3 induction
[31]
and maintenance studies , twice daily doses of 10 mg
oral tofacitinib induced MH with greater efficacy than
placebo. At week 8, 10 mg tofacitinib was associated
with a 24.2% response rate vs 7.7% with placebo.
Similarly, MH was achieved at week 52 in 45.5% of
patients receiving 5 mg tofacitinib, and in 57.1% of
those given 10 mg twice daily of tofacitinib vs 20.0%
receiving placebo.
An ongoing, open-label, long-term extension study
[32]
(OCTAVE Open)
included non-responders from
OCTAVE Induction 1 and 2, and patients who had
completed or experienced treatment failure in OCTAVE
Sustain. This trial was conducted in a subpopulation of
58 patients who achieved clinical response following 8
wk induction therapy with 10 mg twice daily tofacitinib.
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The patients entered OCTAVE Sustain receiving 5 mg
twice daily tofacitinib, but experienced treatment failure
between week 8 and 52. In the OCTAVE Open, these
patients were escalated to 10 mg tofacitinib twice daily,
which induced MH in 41.4% and 60.4% patients at
months 2 and 12, respectively, compared with baseline
[33]
(5.2%) .

Peficitinib

Peficitinib, a JAK1, JAK2, and JAK3 oral inhibitor, has
an in vitro potency that is approximately 6- to 7-fold
[34]
greater for JAK3 than for JAK1 and JAK2 . In a phase
2b randomized, double-blind, placebo-controlled, doseranging trial, its efficacy and safety were evaluated in
[35]
219 patients with moderate-to-severe UC . Patients
were equally randomized to receive oral placebo or 25,
75 or 150 mg peficitinib once daily, or 75 mg peficitinib
twice daily. At week 8, patients were assessed for clinical
response, and MH was one of the secondary endpoints.
The Mayo endoscopic subscores were assigned by the
local reader (blinded to treatment assignment) and the
central reader (blinded to treatment assignment and
clinical examination). Few patients achieved normal or
inactive mucosal disease (endoscopy subscore of 0).
At week 8, MH was observed in 20.5% (25 mg daily),
29.5% (75 mg daily), 45.5% (150 mg daily,) 36.4%
(75 mg twice daily) vs 18.6% of patients (placebo).
While no dose-response of peficitinib was demonstrated
in patients with moderate-to-severe UC, evidence of
efficacy in achieving MH was suggested at doses ≥ 75
mg daily vs placebo.

Upadacitinib

Upadacitinib, a JAK 1 inhibitor, is being developed to
treat rheumatoid arthritis and other inflammatory
diseases. At present, it is being investigated as an oral
[36,37]
treatment of UC
, but no results are yet available.

MODULATION OF SPHINGOSINE-1PHOSPHATE RECEPTOR
The sphingosine-1-phosphate (S1P) receptor family
consists of widely expressed receptors (S1P1 through
S1P5) that are implicated in regulating multiple
immunological and cardiovascular functions such as
cell proliferation and migration, immune cell tracking,
[38]
angiogenesis and the epithelial barrier . Targeting S1P
receptors for inflammatory conditions was successful
in clinical trials and is presently being investigated as a
[39]
potential therapy for UC patients . The results of S1P
receptor modulation to treat UC patients are summarized
in Table 2.

Ozanimod

Ozanimod (RPC1063, Celgene) is a new oral
selective S1P1 and S1P5 receptor modulator that is
[40]
under investigation for the treatment of UC . The
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Table 2 Summary of treatment results with sphingosine-1-phosphate receptor modulators, AJM300, and phospholipids in ulcerative
colitis patients
Study

Drug

Sandborn et al[41]

Ozanimod

Yoshimura et al[46]

AJM300

Stremmel et al[50]

Karner et al[51]

Study population

Treatment arm

Endoscopy endpoint Time of observation,
wk

Moderate to severe Dose of 0.5 mg or 1
Mcosal healing
UC patients (n =
mg or placebo, once (endoscopy subscore
197)
daily
≤ 1)

Moderate to severe Dose of 960 mg or
Mucosal healing,
UC patients (n =
placebo, 3 times
(endoscopic
102)
daily
subscore of 0 or 1)
PhosphatidylcholineChronic active,
Dose of PC rich
Mucosal healing,
rich phospholipids
ulcerative colitis,
phospholipids (1.5
was not formally
with a clinical
g /dose) or placebo, assessed 48 patients
activity index (CAI)
four times daily
were examined
of > 4 (n = 60)
using the standard
endoscopic activity
index (EAI);
Secondary end point
analysis DEAI (>
50%)
LT-02
Ulcerative colitis Dose of LT-2 (0.8, 1.6 Mucosal healing
patients with an
or 3.2 g) or placebo (endoscopic Mayo
inadequate response
Score ≤ 1)
to mesalazine, a
disease activity score
(Simple Clinical
Colitis Activity
Index (SCCAI)) of
≥ 5, and bloody
diarrhea (n = 156)

At 8 wk; at 32 wk

At 8 wk

At three mo

At 12 wk

Rate of mucosal
healing
Placebo 12%
Ozanimod 0.5 mg =
28%, (P = 0.03)
Ozanimod 1 mg =
34%, (P = 0.002)
At week 8
Placebo 12%
Ozanimod 0.5 mg =
32%, (P = 0.006)
Ozanimod 1 mg =
33%, (P = 0.005)
At week 32
Placebo 29.4%
AJM300 960 mg =
58.8% (P = 0.0014)
None of 29 placebo
patients DEAI (>
50%) in 11 of 29
evaluated of PC
patients P = 0.00016

Placebo 40.0%
LT-2 0.8 g = 57.5%, (P
= 0.097)
LT-2 1.6 g = 56.1%, (P
= 0.097)
LT-2 3.2 g = 51.4%, (P
= 0.097)
Pooled LT-02 groups
55.2 (P = 0.098)

UC: Ulcerative colitis; OCTAVE: Oral Clinical Trials for tofAcitinib in ulceratiVE colitis.
[41]

TOUCHSTONE study , a randomised, double-blind,
placebo-controlled phase II trial that recruited 197
patients with moderate to severe active UC, tested the
efficacy and safety of ozanimod through induction and
maintenance. Patients were randomised in a 1:1:1 ratio
to receive once daily oral ozanimod at 1 mg (n = 67)
and 0.5 mg (n = 65) concentrations or placebo (n = 65)
for 8 wk (induction phase). Flexible sigmoidoscopy, with
blinded central reading, was performed at screening and
at week 8 and 32. The primary endpoint was clinical
remission (defined as Mayo score ≤ 2 and no subscore > 1) at week 8. One of the exploratory secondary
endpoints was MH (defined as an endoscopy subscore
≤ 1). Although ozanimod provided some benefits,
most endpoints did not reach statistical significance.
At 8 wk, 16% and 57% of patients receiving 1 mg
daily ozanimod achieved clinical remission and clinical
response, respectively, vs 6% and 37% of the placebo
group, respectively. At 8 wk, significant endoscopic
improvements were observed in patients receiving all
doses of ozanimod compared with placebo. MH occurred
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in 18/65 patients (28%) in the 0.5 mg group (P =
0.03), and in 23/67 patients (34%) in the 1 mg group
(P = 0.002) vs 8/65 patients (12%) in the placebo
group. However, no significant differences emerged
in histological remission. The 32 wk double-blind
maintenance phase included 103/197 (52.3%) patients
who had been recruited in the induction phase and
wanted to continue with their original treatment, with 91
(88.3%) patients completing maintenance. Explorative
outcome measures at week 32 included clinical response,
histological remission, clinical remission and MH. At
weeks 8 and 32, MH was observed in 32% (0.5 mg) and
33% (1 mg) of patients, respectively, compared with
12% in each placebo group, however these differences
did not reach statistical significance. One limitation of the
study was the time point for primary outcome analysis,
since 8 wk might not have been long enough for
ozanimod to target lymphocyte tracking. Moreover, the
long-term safety profile could not be assessed because
the cohort of patients was relatively small and the followup was short. Larger studies with longer follow-ups
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are therefore needed. Since ozanimod displayed some
potential benefits and the results appeared promising,
two phase III studies for induction and maintenance
therapy are currently underway to further evaluate the
[42,43]
potential role of ozanimod in moderate to severe UC
.

is reduced by up to 70% in the colonic mucus of UC
[48]
patients . Therefore, phosphatidylcholine substitution
in the colonic mucus might be an interesting future
[49]
therapeutic approach . In a double-blind, randomized,
placebo-controlled phase IIa study, 60 patients with
UC were treated with 6 g of phosphatidylcholine[50]
rich phospholipids for 3 mo . The phospholipids
were released in the distal ileum in a pH-dependent
manner. Significant improvements in clinical remission
and clinical response, the primary endpoints, were
observed compared with placebo, together with
significant positive effects in endoscopic and histological
assessments. However, MH was not formally assessed.
LT-02, a novel modified-release phosphatidylcholine
agent, was investigated for mucosal barrier
enhancement in UC. In a double-blinded, randomized,
[51]
placebo-controlled, multi-centre phase II study ,
LT-02 was administered to a total of 156 patients with
an inadequate response to mesalazine, characterized
by a disease activity score ≥ 5 [Simple Clinical Colitis
Activity Index (SCCAI)] and bloody diarrhea. The
patients were randomized into three treatment groups
orally receiving 0.8, 1.6 or 3.2 g of LT-02 or placebo.
The primary endpoint was clinical response after 3
mo therapy, as indicated by changes in SCCAI from
baseline to the end of treatment. Data analysis showed
a 33.3% SCCAI drop in the placebo group compared
with 44.3% in the 0.8 g LT-02 group (P > 0.05) and
40.7% in the 1.6 g group (P > 0.05). The 3.2 g group
improved by 51.7%, falling from 8.5 to 4.1 (P = 0.030
vs placebo). The remission rate was 15% (6/40) in the
placebo group vs 31.4% (11/35) in the highest LT-02
dose group (P = 0.089). MH was achieved in 32.5% of
the placebo group vs 47.4% in the pooled LT-02 groups
(P = 0.098). The histological healing rate (histological
index = 1) was 20.0% in the placebo cohort vs 35.3%
in the LT-02 groups (P = 0.016). In a second analysis,
considering dropouts as failures, endoscopic remission
but not clinical remission reached statistical significance.
Histological remission was reached significantly more
often in the treatment groups. No serious adverse
events were observed and there were no deviations in
adverse events in the treatment groups. The authors
concluded that, compared with placebo, LT-02 is useful
for reducing disease activity in UC and is associated with
a good safety profile. The results of such treatments for
UC patients are summarized in Table 2.

Other S1P modulators

Etrasimod (APD334), a S1P-R1 modulator, is currently
being investigated in a phase 2 study as a potential
[44]
therapeutic agent for UC patients .

SMALL-MOLECULE α4 INTEGRIN
ANTAGONISTS
AJM300

AJM300, a new, orally active small molecule, is classified
as a phenylalanine derivative and is currently being
[45]
developed for UC . Both the efficacy and safety of
AJM300 were tested in a Japanese randomized, double[46]
blind, placebo-controlled phase IIa study
conducted
on 102 patients with moderately active UC who were
intolerant or showed an inappropriate response to
mesalazine or steroids. For 8 wk, patients were orally
administered 960 mg of AJM300 or placebo 3 times
daily. The primary endpoint was clinical response.
Secondary endpoints were clinical remission (defined
as a Mayo Clinic score of 2 or lower and no sub-score
higher than 1) and MH (defined as an endoscopic
sub-score of 0 or 1, and a partial Mayo Clinic score).
Endoscopic assessment with biopsy was performed at
baseline and at week 8, and the endoscopic sub-scores
were analysed by a central evaluation committee. In
this study, 62.7% of patients receiving AJM300 and
25.5% of the placebo group had a clinical response at
week 8. MH was achieved by 58.8% of patients (30/51)
in the active treatment arm and by 29.4% (15/51) in
the placebo group. Although the difference was not
significant, more patients in the active treatment arm
achieved endoscopic subscores of 0 at week 8 than in
the placebo group.
The most concerning adverse event of an a4 integrin
blockade is the development of progressive multifocal
leukoencephalopathy, a demyelinating central nervous
system disorder caused by JC viral infection and
reactivation. However, neither infection nor neurological
symptoms were observed in this study. These data
demonstrated the feasibility of AJM300 treatment,
particularly when it is delivered in a gut-specific manner.
A phase III Study of AJM300 in UC patients is currently
[47]
ongoing . The results of AJM300 treatment for UC
patients are summarized in Table 2.

CONCLUSION
The new oral-targeted therapies seem to be
effective for UC patients. They share some common
characteristics, such as shorter half-lives, potential offtarget effects, relatively narrow dosing windows and
lack of immunogenicity. The mechanisms of action of
the four classes of these oral synthetic drugs include:
(1) Jak-inhibitors, which reduce the production of
several cytokines, (2) AJM300, which blocks lymphocyte

SUBSTITUTION OF
PHOSPHATDYLCHOLINE
LT02

Phosphatidylcholine, which prevents bacterial invasion,
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trafficking from blood vessels into the lamina propria,
(3) ozanimod, which prevents egression of lymphocytes
from lymph nodes by following the S1P gradient via
receptor internalization, and (4) LT-02, a substitute of
phosphatidylcholine. Further studies are ongoing and
will establish the value of these agents for the treatment
of UC patients in clinical practice. They could potentially
offer three major advantages: (1) As an alternative
for patients who mount immunogenic responses to
biologics, (2) in association to other drugs, as innovative
combination strategies, and (3) to investigate stop and
start therapeutic strategies. Moreover, with convenient
storage, they might be potentially transported into
the site of action and act as topical therapy. On the
other hand, multiple daily dosing, uncertainties about
bioavailability at the right target site and adverse events
may constitute the potential disadvantages of this
therapeutic approach.
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Various therapeutic modalities including radiofrequency
ablation, cryoablation, microwave ablation, and
irreversible electroporation have attracted attention as
energy sources for effective locoregional treatment of
hepatocellular carcinoma (HCC); these are accepted
non-surgical treatments that provide excellent local
tumor control and favorable survival. However, in
contrast to surgery, tumor location is a crucial factor in
the outcomes of locoregional treatment because such
treatment is mainly performed using a percutaneous
approach for minimal invasiveness; accordingly, it has
a limited range of ablation volume. When the index
tumor is near large blood vessels, the blood flow
drags thermal energy away from the targeted tissue,
resulting in reduced ablation volume through a socalled “heat-sink effect”. This modifies the size and
shape of the ablation zone considerably. In addition,
serious complications including infarction or aggressive
tumor recurrence can be observed during follow-up
after ablation for perivascular tumors by mechanical
or thermal damage. Therefore, perivascular locations
of HCC adjacent to large intrahepatic vessels can
affect post-treatment outcomes. In this review, we
primarily focus on physical properties of perivascular
tumor location, characteristics of perivascular HCC,
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potential complications, and clinical outcomes after
various locoregional treatments; moreover, we discuss
the current status and future perspectives regarding
percutaneous ablation for perivascular HCC.

therapy . A previous study also suggested that the
iatrogenic transportal tumor spread may occur during
[8]
radiofrequency (RF) ablation for periportal tumors
because these local therapies cannot remove a hepatic
segment confined to tumor-bearing portal tributaries,
unlike anatomical surgical resection.
For improvement of patient outcomes with respect
to perivascular HCCs, a modified RF ablation technique
and other new energy sources for ablation therapies
have recently been introduced. An understanding of
these new aspects is important for optimizing clinical
results. In particular, combining an understanding of the
specific characteristics of each ablation modality with
an understanding of the characteristics of perivascular
HCC, and then selecting the most appropriate ablation
modality available for each patient, can have a
remarkable effect on patient outcomes. This review can
help physicians to plan state-of-the-art local ablation
treatment for patients with perivascular HCC.

Key words: Hepatocellular carcinoma; Perivascular;
Radiofrequency ablation; Liver; Cryoablation; Microwave
ablation; Irreversible electroporation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently safety concerns have been raised
regarding the risks of radiofrequency (RF) ablation for
perivascular hepatocellular carcinomas (HCCs), due to
the risks of ischemic complications and intravascular
tumor spread during treatment. To overcome these
potential risks, a modified RF ablation technique,
cryoablation, combined treatment with transarterial
chemoembolization, or microwave ablation could be
problem-solving tools for the treatment of perivascular
HCCs. However, the effectiveness of these techniques
should be validated with further prospective studies
due to the lack of current evidence.

Definition of perivascular HCC

To date, there is no universal consensus definition
regarding perivascular HCC. The optimal threshold of
the contacting vessel size has been based on the results
[9]
of an experimental study that used pigs . Notably,
most veins greater than 3 mm remained patent after
RF ablation; there was an invagination of residual viable
tissue between vessels and the RF ablation zone, known
as the “heat-sink effect”. Many subsequent clinical
[5-7,10,11]
studies
adopted corresponding definitions of
perivascular tumor; an index tumor was characterized
by any contact with first or second degree branches
of a portal or hepatic vein that are 3 mm or greater in
diameter.

Kang TW, Lim HK, Cha DI. Percutaneous ablation for
perivascular hepatocellular carcinoma: Refining the current status
based on emerging evidence and future perspectives. World J
Gastroenterol 2018; 24(47): 5331-5337
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5331.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5331

INTRODUCTION

Specific ablation environment in perivascular HCC

Image-guided tumor ablation is an evolving and growing
treatment option for patients with hepatocellular
carcinoma (HCC). This local treatment offers significant
advantages, as it is less invasive than surgery and
[1]
demonstrates a low risk of major complications . In
contrast to surgical resection with a laparoscopic or
open approach, tumor location is a crucial factor in
the outcomes of local ablation therapy, because it is
primarily performed by using a percutaneous approach
[2]
for minimal invasiveness .
Although ablation technology has evolved and
grown rapidly during the past decades, such that it can
[3]
help improve clinical outcomes and safety profiles ,
high-risk locations of HCC adjacent to extrahepatic vital
organs or large intrahepatic vessels exhibit increased
[4]
risks of complications after local ablation therapy . In
particular, there remain controversies regarding the
outcomes of local treatment because of the heat-sink
effect, which can considerably modify the size of the
[5,6]
ablation zone, in patients with perivascular tumors . In
addition, perivascular HCC exhibits different underlying
tumor characteristics, which can have profound effects
on the resulting poor prognosis after local ablation

WJG|https://www.wjgnet.com

Unlike en bloc tissue removal by surgical resection,
RF or microwave ablation uses thermal energy from
the RF electric current or microwave field to destroy
[12]
cancer cells . However, when the index tumor is near
large blood vessels, the blood flow carries thermal
energy away from the targeted tissue, resulting in
reduced ablation volume; this considerably modifies
the size and shape of the ablation zone, especially
[9]
during RF ablation . Similarly, the same phenomenon
can happen during cryoablation. The convective influx
of circulating warm blood into a frozen tumor would
theoretically make the ablation of perivascular tumor
[13]
tissue insufficient .

Specific tumor environment for perivascular HCC

According to recent Barcelona Clinic Liver Cancer
[1]
guidelines , macroscopic vascular invasion into the
portal or hepatic vein is a key factor for staging in
patients with HCC due to poor prognosis, despite
curative treatment. In addition, microvascular
invasion of HCC, which cannot be easily diagnosed by
preoperative imaging studies, is another important
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indicator of poor prognosis after surgical resection
[15]
and liver transplantation . Thus, perivascular tumors
are more likely to be exposed to these substantial
risks of vascular invasion, compared with nonperivascular tumors; this difference may lead to poor
[16]
patient outcomes. Although some researchers
have shown that post-operative adjuvant transarterial
chemoembolization (TACE) after surgical resection
improved outcomes among patients who exhibit HCC
with microvascular invasion, there remains uncertainty
with respect to adjuvant therapy after curative
treatment for HCC, with either micro- or macro-vascular
invasion because a potent anticancer drug for HCC is
not well established in clinical practice.

studies should consider the type of peritumoral vessel
during assessment of the outcomes of RF ablation in
patients with perivascular HCCs.
[8]
With respect to tumor location, Kang et al reported
that periportal tumor location was a risk factor for
aggressive intrasegmental recurrence after RF ablation
(Figure 1). Although the exact mechanism of this type
of tumor recurrence remains unclear, intravascular
tumor spread along the peritumoral portal vein may be
a primary cause of such complications. During insertion
of the RF electrode, abnormal communication of an
iatrogenic arterioportal fistula may develop; this may
enable cancer cells to spread into the peripheral liver
[21]
due to ablation-related mechanical injury . In addition,
rapid heating of a HCC can lead to a sudden increase
in the internal pressure of ablated tissue, which may
cause unintentional scattering of tumor cells around the
[22,23]
ablation zone
. To prevent this potential vascular
complication, potential approaches include the no-touch
multi-polar ablation technique without direct puncture
[24,25]
of the index tumor
, longer ablation times with
[23]
stepwise power increment at lower power , combined
[26]
[13]
RF ablation treatments with TACE , or cryoablation ;
these problem solving tools may be especially effective
in patients with periportal HCCs. The effectiveness
of these techniques should be validated with further
prospective studies.

RF ablation

The mechanism of RF ablation uses electric current
to rapidly oscillate tissue ions, creating frictional
heating in areas of high current density adjacent to the
[12]
electrode . Thus, growth of the ablation zone primarily
depends on thermal diffusion; this process could be
limited by the “heat-sink effect” from peritumoral
[5,11]
vessels. Previous studies
showed a significant
correlation between the presence of peritumoral vessel
and poor local tumor control during RF ablation for
[11]
HCCs. Among these investigations, Lu et al reported
that the presence of a peritumoral vessel is a significant
factor for incomplete treatment in RF ablation (53% in
perivascular HCC vs 12% in non-perivascular HCC), as
verified during histologic examination of explanted liver
after transplantation. In contrast to the aforementioned
[6,10,17,18]
studies, several other studies
investigating
the same topic reported similar therapeutic outcomes
between perivascular and non-perivascular HCCs;
the presence of a peritumoral vessel was not an
independent factor associated with incomplete tumor
ablation. Improvements in the outcomes of more recent
studies of RF ablation for perivascular HCC may be
attributed to advances in technical factors, including
RF ablation strategies such as the no-touch technique,
the use of multiple or large electrodes, a more
powerful generator, or advancements in power deploy
[19]
algorithms .
Regarding clinical outcomes associated with specific
[7]
types of peritumoral vessels in RF ablation, Lee et al
demonstrated a significant interaction effect between
RF ablation and type of peritumoral vessel, with respect
to extrahepatic recurrence or overall survival. Although
this study did not reveal the cause of different outcomes
according to the type of peritumoral vessel, these
results could support an increased risk of extrahepatic
recurrence when performing RF ablation for periportal
HCCs, compared with RF ablation for perivenous
HCCs; this increased risk may affect survival outcome.
The hemodynamics of blood flow differ considerably
[20]
between the two types of hepatic vessels ; this
could lead to a different ablation environment when
performing RF ablation for HCC. Therefore, future
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Cryoablation

Despite the absence of thermal injury and superb
visualization of the procedure process, cryoablation
for HCC has been used much less frequently than RF
ablation. This is because large cryoprobes with bulky
liquid nitrogen systems under laparotomy setting were
[27]
used in the early era of cryoablation . Thus, although
serious complications were rare, excessive bleeding and
[28]
cryoshock related to the procedure were reported .
However, a new generation of cryoablation systems
with thin cryoprobes that use argon-helium has been
[29]
introduced
and recent randomized controlled trials
showed that they were equally safe and effective
[30]
compared with RF ablation . Cryoablation systems
use the Joule-Thomson theory of expanding gases
[12]
within a needlelike cryoprobe . The mechanism of cell
death with ice-ball formation involves cell membrane
disruption and an associated release of intracellular
[31]
contents . Unlike RF ablation, cryoablation for
perivascular HCC could show a better safety profile
with respect to vascular complications, such as hepatic
infarction or peritumoral vessel thrombosis, because
the ablation zone is rapidly reperfused after the ice
[6]
ball has melted. A previous study regarding hepatic
infarction after RF ablation reported an incidence of 5%
in patients with HCC, due to the frequent development
of thrombosis in peritumoral vessels by thermal
[13]
injury (Figure 2). However, Kim et al
reported that
persistent thrombosis of peritumoral vessels was
3.4%; no case of hepatic infarction was observed in
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Figure 1 Images demonstrating aggressive intrasegmental recurrence after radiofrequency ablation for perivascular hepatocellular carcinoma. A: Axial
computed tomography image obtained during hepatic arterial phase shows viable hepatocellular carcinoma (HCC) within the partially lipiodolized nodule (asterisk)
in segment V before radiofrequency (RF) ablation. The index tumor is in contact with the right portal vein (black arrow); B: On planning ultrasonography (US), using
fusion imaging with color Doppler US and magnetic resonance imaging (MRI), the low echogenic incident tumor (asterisk) is in contact with a right portal vein (black
arrow); C: During RF ablation with the US fusion system, the ablation zone (A) is covered with viable enhancing tumor foci, indicating T marker on real time US/fused
MR image; D: MRI scan obtained during the hepatic arterial phase 9 mo after RF ablation shows multiple small arterial enhancing nodules (white arrows) of consistent
size, representing recurrent tumors. These recurrent tumors developed simultaneously in a peripheral area of the treated segment, fed by the previous peritumoral
portal vein; E: The patient underwent transarterial chemoembolization for tumor control considering tumor multiplicity. Multiple small nodular tumors were detected
along the portal tract on hepatic angiogram.

patients who underwent cryoablation for perivascular
HCCs. In clinical practice, local ablation therapy is
preferred when the patient exhibits recurrent tumors
after surgical resection, because more limited hepatic
[32]
functional reserve is expected . In these particular
scenarios, cryoablation may be the most effective
local ablation modality in patients with limited hepatic
reserve due to the very low risk of procedure-related
vascular complications, including hepatic infarction.
In addition, to the best of our knowledge, there have
been no reports regarding aggressive tumor recurrence
after cryoablation for perivascular HCC. Based on the
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absence of thermal expansion of ablation zones, as
is observed in RF or microwave ablation, cryoablation
theoretically might constitute a safer ablation method
with respect to the possibility of tumor spread through
an increase in the internal pressure of ablated tissue.
However, insufficient data are available and further
studies are required to validate the long-term safety of
cryoablation for perivascular HCCs.

Microwave ablation

Although previous first- or second-generation microwave
ablation system was limited due to lack of active antenna
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Figure 2 Images showing subsegmental hepatic infarction after radiofrequency ablation for perivascular hepatocellular carcinoma. A: Axial computed
tomography image obtained during equilibrium phase shows 1.3-cm hepatocellular carcinoma (asterisk) in segment V before radiofrequency (RF) ablation. The index
tumor is in contact with the right portal vein (black arrow); B: Planning ultrasound image obtained before RF ablation shows the low-echoic-index tumor (asterisk) in
contact with a right portal vein (black arrow); C: During RF ablation, the RF electrode (white arrow) is inserted into the index tumor (asterisk), evading the adjacent
portal vein; D: At the end of the procedure, a hyperechoic ablation zone (A) completely covered the index tumor; E: Thrombosis within the peritumoral portal vein
(black arrow) developed around the index tumor (dotted line), shown on coronal computed tomography images obtained immediately after RF ablation. This led to
subsegmental infarction (I) in the peripheral area of hepatic segment VI.
[35]

cooling and low power generator, recent third-generation
systems incorporates antenna cooling and high power
[12]
generators . In microwave heating, polar molecules
continuously realign with the oscillating microwave
field, effectively increasing kinetic energy and tissue
[12]
temperature . As a result, microwave energy may
possess several advantages, compared with RF ablation;
these include faster heating with a larger ablation
volume, higher intratumoral temperatures, and less
[33]
dependence on the electrical conductivities of tissue .
These characteristics of microwave ablation may render
it less affected by the “heat-sink effect” present in
[34]
perivascular tissue . In addition, combined TACE and
microwave ablation could increase local tumor control for
perivascular tumor resulting from the complementary
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nature of the two different treatments . To be specific,
TACE can decrease blood flow and thereby decrease
perfusion-mediated cooling, allowing the creation
of larger ablation zones even in perivascular tumor
[36]
location . Furthermore, there could be substantial
synergistic effect of applying thermal ablation to a
[30]
chemotherapeutic agent-laden tumor . Recent report
showed that local tumor control, overall survival, and
major complications in the perivascular and nonperivascular groups are not significantly different when
performing microwave ablation for HCCs. However, there
has been no study directly comparing RF ablation and
microwave ablation for perivascular HCCs. In addition,
whether the ability of microwave ablation to induce a
broader ablation zone can lead to a real survival benefit

5335

December 21, 2018|Volume 24|Issue 47|

Kang TW et al . Percutaneous ablation for perivascular HCC
remains unclear. Although randomized controlled trials
are difficult to perform in such a rapidly evolving field,
additional trials are required to confirm these debates.
3

Irreversible electroporation

Irreversible electroporation (IRE) is a novel, nonthermal form of tumor ablation that uses high-current
electrical pulses to induce pore formation in the cell lipid
[37]
bilayer, resulting in cell death . Thus, it is not affected
by the “heat-sink effect” and may cause less collateral
damage based on its mechanism of action. Through
[38-40]
several studies investigating IRE for hepatic tumors
,
IRE has been shown to be safe and acceptable for local
tumor control, especially with regard to use within
close proximity to the venous systems of the liver; this
is a notable advantage for IRE. However, given the
paucity of long-term data demonstrating safety and
efficacy for the treatment of HCC, IRE largely serves
as a niche technology for the ablation of small (< 3
cm), unresectable tumors, which are not amenable to
thermal ablation due to the abutment of major vessels
[41]
or hilar structures .

4

5

6

7

8

CONCLUSION
Image-guided tumor ablation is becoming increasingly
accepted for the treatment of very early and early
stage HCC. Ablative treatments, particularly RF
ablation, currently represent the first-line option for
patients with unresectable early-stage HCC. However,
safety concerns have been raised regarding the risks
of RF ablation for perivascular HCCs, due to the risks
of ischemic complications and intravascular tumor
spread during treatment. To overcome these potential
risks, a modified RF ablation technique, cryoablation,
microwave ablation, or combined treatment with TACE
have been used recently. Especially, microwave ablation
has potential physical advantages over RF ablation and
it may be beneficial in treating perivascular tumors.
However, additional prospective studies are needed to
assess whether the recent technical advances of RF
ablation and ablation therapies with new energy sources
can translate into better clinical outcomes for patients
with perivascular HCC, compared with conventional RF
ablation. We hope that understanding the characteristics
of perivascular tumor locations and the current status of
each ablation modality could help overcome difficulties
related to the treatment of perivascular HCCs, and
ultimately provide meaningful improvements in patient
outcomes.
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Abstract
AIM
To establish a permanent piwi like RNA-mediated gene
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silencing 1 (PIWIL1 ) gene knockout in AGP01 gastric

Liehr T, Abdelhay E, Gomes R, Santos S, Assumpção P. Piwi like
RNA-mediated gene silencing 1 gene as a possible major player in
gastric cancer. World J Gastroenterol 2018; 24(47): 5338-5350
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5338.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5338

cancer cell line using CRISPR-Cas9 system and analyze
phenotypic modifications as well as gene expression
alterations.

METHODS
CRISPR-Cas9 system used was purchased from
Dharmacon GE Life Sciences (Lafayette, CO, United
States) and permanent knockout was performed
according to manufacturer’s recommendations. Woundhealing assay was performed to investigate the effect
of PIWIL1 knockout on migration capability of cells
and Boyden chamber invasion assay was performed to
investigate the effect on invasion capability. For the gene
expression analysis, a one-color microarray-based gene
expression analysis kit (Agilent Technologies, Santa Clara,
CA, United States) was used according to the protocol
provided by the manufacturer.

INTRODUCTION
Gastric cancer is a major contributor to global cancer
burden, being the third leading cause of cancer death
[1]
worldwide and in both sexes . This type of cancer is
thought to be consequence of a multi-step process,
resulting from different genetic and epigenetic changes.
Specifically, dysfunction of oncogenes and tumor
suppressor genes contributes to this malignant disease,
and many candidate genes have been implicated to
[2]
serve as gastric cancer biomarkers .
In this context, the piwi like RNA-mediated gene
silencing 1 (PIWIL1) gene, located in 12q24.33 and
having 22 exons, became an attractive target for gastric
cancer treatment. PIWIL1 protein is expressed at
increased levels in cancer tissues, stem cells and germ
cells, but it has been shown to be absent in normal
somatic tissues. This means that it could be a potential
target for therapy, since most non-cancer cells would
[3-7]
not be affected by cytotoxic effects .
PIWIL1 plays a key role in tumor cell viability, migration
and invasion, and its expression is associated with the
maintenance of stem-like characteristics of tumors, which
in turn contribute to more severe histological grade,
[8-10]
advanced stage and worse clinical outcome
.
[11]
Wang et al
showed that expression of PIWIL1
in gastric cancer tissue was significantly higher than
in adjacent-to-tumor tissue (tumor front). They also
demonstrated that patients with a lower expression of
PIWIL1 presented a significant better overall survival rate
compared to patients with a higher expression levels.
Additionally, the 5-year survival rate of patients with a
higher expression level of PIWIL1 was significantly lower
(36.5% vs 67.6%).
[12]
Liu et al
reported that expression of PIWIL1
progressively increases during cancer development.
The expression ratio in normal gastric tissues, atrophic
gastritis, intestinal metaplasia and gastric cancers varied
from 10% to 76%.
To further investigate the potential functions of
[12]
the PIWIL1 gene, Liu et al
also silenced PIWIL1
by antisense or short hairpin RNA and noted that
suppression of this gene inhibited the growth of gastric
cancer cells and induced G2/M arrest. Although relevant
information regarding the possible role of PIWIL1 in
gastric cancer carcinogenesis is provided by the current
literature, the exact molecular mechanisms involved in
this carcinogenic process remain unclear.
A recently introduced technology, based on the
adaptive immune system of prokaryotes and known as
type II clustered, regularly interspaced, short palindromic

RESULTS

PIWIL1 gene knockout caused a significant decrease

in AGP01 migration capacity as well as a significant
decrease in cell invasiveness. Moreover, functional
analysis based on grouping of all differentially expressed
mRNAs identified a total of 35 genes (5 up-regulated and
30 down-regulated) encoding proteins involved in cellular
invasion and migration. According to current literature,
9 of these 35 genes (DOCK2 , ZNF503 , PDE4D , ABL1 ,
ABL2 , LPAR1 , SMAD2 , WASF3 and DACH1 ) are possibly
related to the mechanisms used by PIWIL1 to promote
carcinogenic effects related to migration and invasion,
since their functions are consistent with the changes
observed (being up- or down-regulated after knockout).
CONCLUSION
Taken together, these data reinforce the idea that
PIWIL1 plays a crucial role in the signaling pathway
of gastric cancer, regulating several genes involved in
migration and invasion processes; therefore, its use as
a therapeutic target may generate promising results in
the treatment of gastric cancer.
Key words: Gastric cancer; Piwi like RNA-mediated
gene silencing 1 ; CRISPR-Cas9; Migration; Invasion
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Piwi like RNA-mediated gene silencing 1 (PIWIL1 )
gene emerged as an interesting target for gastric cancer,
as it is expressed in cancer, stem and germ cells, but it
is absent in normal somatic tissue. Our results propose
that PIWIL1 plays a crucial role in the signaling pathway
of gastric cancer, regulating several genes involved in
migration and invasion processes; therefore, its use as a
therapeutic target may generate promising results in the
treatment of gastric cancer.
Araújo T, Khayat A, Quintana L, Calcagno D, Mourão R, Modesto
A, Paiva J, Lima A, Moreira F, Oliveira E, Souza M, Othman M,
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repeats (CRISPR)/associated protein (Cas), has been
demonstrated to cleave double-stranded DNA and has
[13-15]
emerged as a relevant genome editing tool
.
This technology can be used both to perform
permanent gene knockouts and the site-specific
[16-19]
integration of a gene (knock-in)
. Importantly, it
allows for the permanent silencing of the target gene,
and it also creates a stable and permanent cell line with
[14,16]
the desired modification
.
Here we applied CRISPR/Cas9 technology for the
first time to knockout PIWIL1 gene in a gastric cancer
cell line and analyzed its phenotypic modifications.

The solutions were then incubated for 5 min at room
temperature before being combined. After combining, the
solution was incubated for 20 min at room temperature,
and finally 80 µL of DMEM-F12 medium/10% fetal
calf serum (FCS) (per well) was added. At the end of
the transfection, all contents (from each well) were
transferred to a 24-well plate containing DMEM-F12
medium/10% FCS/1% pen-strep.
After 24 h, samples were treated with 6 µg/mL of
puromycin for 72 h to select the resistant clones. Next,
40 cells were plated per well in a 6-well plate to isolate
the clones by the filter paper method.
This method consists of using a cut and autoclaved
piece of filter paper so that it, after being soaked in
trypsin, can be positioned above a single colony of cells
that has grown from an isolated cell, allowing for the
collection of this clone. Subsequently, each clone grew
in a separate well in a 6-well plate, so it could reach
the confluence needed to perform DNA extraction and
sequencing.

MATERIALS AND METHODS
Cell lines

The human gastric cancer cell line AGP01 was maintained
in DMEM-F12 medium supplemented with 10% fetal
bovine serum. The cell culture grew attached to a plastic
flask in a monolayer in a humidified incubator maintained
at 37 ℃ and 5% CO2.
The AGP01 cell line was established by our
[20]
research group in 2009
from cancer cells present
in the ascitic fluid of a female individual with intestinal
gastric cancer, located at the antrum and the body
region of the stomach, and staged as T3N2M1. The
cell line was tested and authenticated by conventional
[20]
cytogenetics . Recently, the AGP01 cell line was tested
by multicolor-fluorescence in situ hybridization (FISH),
and results are presented here.

Sequencing

DNA was extracted using the Wizard Genomic DNA
Purification Kit (Promega Corporation, Madison, WI, United
States) according to the manufacturer’s instructions.
For PCR, specific primers targeting the binding region of
the purchased crRNA were constructed using the online
program Primer3 (Supplementary Table 1).
The quantities of the reagents used in the PCR for
a final volume of 12 µL were as follows: 6.25 µL of
nuclease-free H2O, 0.5 µL of forward primer (10 ng/µL),
0.5 µL of reverse primer (ng/µL), 4.25 µL of GoTaq
Colorless Master Mix 2× (Promega Corporation) and 1
µL of DNA (10 ng/µL).
The conditions using the MasterCycler Gradient
thermal cycler (Eppendorf, Hamburg, Germany) were 1
cycle at 95 ℃ for 3 min for initial denaturation followed
by 35 cycles consisting of denaturation at 94 ℃ for 2
min, primer annealing at 59 ℃ for 1 min and extension
at 70 ℃ for 2 min, ending with 1 cycle at 70 ℃ for a
final extension for 30 min.
For direct sequencing of the PCR product, the
quantities of the reagents used for a final volume of 20
µL were as follows: 15 µL of nuclease-free water, 0.5 µL
of forward or reverse primer (10 ng/µL), 0.5 µL of Big
Dye, 3 µL of Save Money and 1 µL of the PCR reaction.
For this reaction, the ABI PRISM Big Dye Terminator 3.1
Cycle Sequencing Kit (Applied Biosystems, Hercules,
CA, United States) was used.
The sequencing was performed using the
MasterCycler Gradient (Eppendorf) thermal cycler
according to the following 25-cycle thermocycling
conditions: denaturation at 96 ℃ for 50 s, primer
annealing at 59 ℃ for 1 min and extension at 60 ℃ for
4 min, ending with 1 cycle at 4 ℃ for 5 min.
After this procedure, a precipitation step was carried
out in order to purify the product of the reaction before
continuing. For this step, samples were washed with

24-color-FISH using all human whole chromosome
painting probes

24-color-FISH using simultaneous all human whole chro
mosome painting (WCP) probes was done as previously
[21,22]
reported
. A total of 20 metaphases was analyzed,
using a fluorescence microscope (Axio Imager Z1 mot;
Carl Zeiss AG, Oberkochen, Germany) equipped with
appropriate filter sets to discriminate between a maximum
of five fluorochromes and the counterstain DAPI; the latter
was used to induce a GTG-like banding pattern. Image
capturing and processing were carried out using ISIS
imaging system (MetaSystems, Altlussheim, Germany).

Targeted knockout of PIWIL1 using the CRISPR-Cas9
system

The CRISPR-Cas9 system used was purchased from
Dharmacon GE Life Sciences (Lafayette, CO, United
4
States). First, 1 × 10 AGP01 cells/well were seeded
in DMEM-F12 medium to a 96-well plate for 24 h.
Subsequently, transfection was performed using
CR-0046-03-005 (Dharmacon GE Life Sciences) for 48
h. For the transfection procedure, a solution containing
1 µL of the CRISPR RNAs (crRNAs) mixed with the
trans-activating small RNA, 2 µL of Cas9 and 7 µL of
DMEM-F12 medium (for each well) was prepared first.
In another tube, 0.4 µL of DharmafecDUO and 9.6 µL of
DMEM-F12 medium (to each well) were added.
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70% isopropanol and 70% ethanol. Subsequently,
sequencing was performed using the ABI Prism 3500
DNA Sequencer (Applied Biosystems). The methodology
used was based on the biochemical synthesis of the
DNA strand by the Sanger method.

columns where the RNA could bind the membrane of
the column, facilitating washing to eliminate possible
contaminants as well as favoring the extraction of high
quality of total RNA.
At the end of the procedure, the RNA was diluted
in 60 μL of nuclease-free water. The total RNA was
quantified using a Nanodrop spectrophotometer
ND-1000 UV-VIS version 3.2.1 (Nanodrop Technologies,
Wilmington, DE, United States). The RNA quality was
also evaluated by analyzing the A260/A280 ratio according
to the manufacturer’s specifications. Purified RNA was
stored at -80 ℃ for the microarray expression assay.

Sequencing analysis

Reference sequence for exon 15 in the PIWIL1 gene was
obtained from the National Center for Biotechnology
Information (NCBI) and compared with the DNA
sequence of the modified cell line as well as the negative
control (cell line without the gene knockout). To infer the
effect of changes in protein synthesis, we applied Gene
Runner v.3.05 (Hastings Software Inc., Hastings, NY,
United States; http://www.generunner.com).

Microarray expression

For the microarray assay, a one-color microarray-based
gene expression analysis kit (Agilent Technologies,
Santa Clara, CA, United States) was used according to
the protocol provided by the manufacturer. The gene
expression profile was evaluated in both cell lines (AGP01
with and without PIWIL1 knockout).
The total RNA obtained during the extraction phase
was used as the template for the synthesis of the first
cDNA strand by reverse transcription using T7 RNA
polymerase. Synthesis of the second cDNA strand
was used as the template for the in vitro transcription
reaction for cRNA production. The cRNA was then
incorporated into the fluorochrome 3-cyanine (Cy-3)
using the Low Input Quick Amp Labeling kit (Agilent
Technologies) according to the protocol provided by the
manufacturer. Thereafter, the cRNA purification process
was carried out.
The cRNA was quantified by a spectrophotometer
(pmol/L), by which it was possible to analyze the absor
bance ratio (260 nm/280 nm) and the cRNA (ng/µL)
concentration in each sample. After, hybridization was
performed for 17 h in a hybridization chamber at 65 ℃
at 10 rpm. After this period, the slide was washed and
immediately scanned in the Agilent G4900DA SureScan
Microarray System.
The following setup was used to scan the microarray
slides for one color: scan region of 61 mm × 21.6 mm,
5 µm scan resolution, dye channel of green. Next, the
images were obtained by using Feature Extraction
v10.10 software, and the data were analyzed with
GeneSpring GX 9.0 and IPathwayguide (Advaita
Bioinformatics Company, Plymouth, MI, United States)
programs. Gene identification followed a restriction
criterion with a fold-change of > 2.

Wound-healing assay

Cells were grown in 12-well plates at a density of 2 ×
5
10 cells/well and maintained for 24 h in 5% CO2 at
37 ℃. After this period, cells were injured with a 10 μL
tip in the center of each well. The medium was then
removed to eliminate suspended cells, and wells were
washed with 1 × phosphate buffered saline before fresh
DMEM-F12 medium/10% FCS/1% pen-strep was added
again.
The behavior of cells was observed and photo
graphed immediately after injury and at 6 h, 12 h and
24 h after injury. All experiments were performed in
triplicate.

Boyden chamber invasion assay

TM

Boyden inserts (8 μm pores) (BD Biosciences , Franklin
Lakes, NJ, United States) were coated with 200 μL
of Matrigel (10-13 mg/mL) in 12-well plates. Cells (2
5
× 10 ) were seeded in the upper chamber in 1 mL
of DMEM without fetal bovine serum. In the lower
chamber, DMEM-F12 medium/10% FCS/1% pen-strep
was added, functioning as a chemoattractant for the
cells present in the upper chamber.
After 48 h, the remaining cells above the filter
were removed by scraping with a sterile swab. The
cells at the bottom of the filter were fixed with 4%
paraformaldehyde and stained with Giemsa. Cells were
photographed and analyzed using a light microscope
and counted in optical fields (100 ×). All experiments
were performed in triplicate.

Total RNA extraction

The mRNA extraction was performed using Promega’
s Total RNA Isolation System kit, according to the
manufacturer’s specifications. AGP01 and AGP01 PIWIL1
knockout cells were prepared for mRNA extraction.
Samples were lysed with lysis buffer containing betamercaptoethanol and then diluted in RNA dilution buffer.
The samples were centrifuged for 10 min at maximum
speed. Then, 95% ethanol was added to ensure
adequate membrane binding conditions.
The samples were then transferred to centrifuge
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Differential expression and gene ontology enrichment
analysis

To identify differentially expressed (DE) mRNAs, we
compared the probes’ expression profiles before and
after PIWIL1 knockout. Probes with a mean fold-change
< 0.5 and a mean fold-change of > 2 [|Log2(foldchange)| > 1] were selected for differential analysis.
Student’s t test was performed in 1222 selected probes,
[23]
false discovery rate adjustment
was performed,
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Figure 1 AGP01 cell line multicolor-FISH showing several chromosomal changes, including the monosomy of chromosome 12, where the PIWIL1 gene is
located.

Targeted knockout of the PIWIL1 gene using the
CRISPR-Cas9 system

and genes with an adjusted P-value of < 0.05 were
tagged as DE. For the volcano plot, the fold-change
and the P-value of all probes were used, and probes
were tagged as DE following the previous criteria.
Gene ontology enrichment was performed using org.
[24]
[25]
Hs.eg.db and Gostats R libraries. All graphical and
statistical analyses were performed in the R platform
(R Core Team, 2017, Vienna, Austria; https://www.
R-project.org/).

PIWIL1 gene knockout was successful, as determined
by Sanger sequencing. The latter revealed an insertion
of 7 adenines in the PIWIL1 gene sequence (Figure
2), which caused a frameshift mutation that impaired
protein synthesis.
Prediction of the encoded protein indicated a
premature stop codon (Figure 3), suggesting that this
insertion generates a truncated protein consisting of
573 amino acids (the wild-type contains 861) with a
loss-of-function phenotype, which means that knockout
was efficient.
Notably, the PIWIL1 knockout cell line remained
viable and could be used for further experiments.

RESULTS
24-color-FISH using all human WCP probes

24-color-FISH using all human WCP probes
revealed in AGP01 cell line a complex karyotype
as follows: 63,XX,inv(1)(p12q43),der(1)(1pter> 1 p 1 2 : : 1 q 4 3 - > 1 p 1 2 : : 9 p 1 2 >9pter),+der(1)t(1;12)(q21;q12),+del(1)(p12),+del(2)
(p12),+der(2)t(2;8)(p12;q11.2),inv(3)(p21q13)x2,+inv(
3)(p21q13),+der(3)t(3;5)(p14;q13),t(4;14)(p12;q11.2)
,dic(4;12)(p15;q12),+der(4)t(2;4)(p or q?;q12),del(5)(p
13)x2,+der(5)x2,del(6)(q12)x2,+del(6)(p21),inv(7)(p12
;q11.2),der(7),der(9)t(9;acro)(p21;p12),der(9)t(6;9)(p1
2;p12),t(13;13)(p10),der(15)(:q13->p11::p11->qter),15,der(16)t(X;16)(q or p?;q23),+der(16)t(12;16)(q12;q
23),21p+,t(22;22)(p10) (Figure 1).
From the analysis, we verified that the unique
chromosome 12 (where PIWIL1 gene is located) remains
intact, without translocations or derivative chromo
somes. It is important to note that the monosomy of
chromosome 12 agrees with the sequencing result, since
the 7 bp insert sequence was observed in hemizygous
status.
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Wound-healing assay

The PIWIL1 gene knockout caused a significant
decrease in AGP01 migration capacity after 24 h (P <
0.01; Figure 4), which is consistent with the fact that
this protein is related to various pathways that regulate
cell motility.

Boyden chamber invasion assay

Also, PIWIL1 gene knockout caused a significant
decrease in AGP01 invasiveness (P < 0.001; Figure 5),
which is also consistent with the fact that this protein is
related to various pathways that regulate cell motility.

mRNA array and gene ontology enrichment

Differential analysis: By comparing expression
profiles after PIWIL1 permanent knockout in the AGP01
cell line, a total of 251 mRNA were found to be DE
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Evidence indicating that PIWIL1 is an oncogene that regulates several cellular mechanisms important for the carcinogenic process of many types of cancers is rising in
[8,10,26,27]
recent years. PIWIL1 seems to be especially implicated in proliferating activity of cancer cells
.
Here, we introduce a new gastric cell line, i.e., AGP01, and provide a first description of its karyotype. As is usual for cancer cell lines, there were slight changes from

DISCUSSION

[adjusted P-value of < 0.05 and |Log2(Fold-Change)| > 1]. A total of 43 mRNA probes were up-regulated and 208 were down-regulated (Figure 6). The DE genes are
described in Supplementary Table 2.
We performed a functional analysis by grouping all DE mRNAs. This approach revealed that a total of 35 genes (five up-regulated and 30 down-regulated) encoded
proteins involved in invasion and migration cellular processes (Supplementary Figure 1; Supplementary Tables 3 and 4).
According to the current literature, 9 of these 35 genes (DOCK2, ZNF503, PDE4D, ABL1, ABL2, LPAR1, SMAD2, WASF3 and DACH1) are possibly related to the
mechanisms used by PIWIL1 to promote carcinogenic effects related to migration and invasion, since their functions are consistent with the changes observed (being up- or
down-regulated after knockout).

Figure 2 Electropherograms showing the insertion of seven adenines in the PIWIL1 gene sequence after using the CRISPR-Cas9 system (B) in comparison with the reference sequence of the negative control (A).

PIWIL1 knockout

Negative control
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861 aa
3591
nucleotides,
1196 amino
acids

Amino acids sequence in
the wild-type PIWIL1

Stop codon of wild-type
PIWIL1

Wild-type PIWIL1 protein sequence

573 aa
3598
nucleotides,
1199 amino
acids

Alteration in amino
acid sequence

Premature
stop codon

Predict sequence of PIWIL1 after knockout

Figure 3 Amino acid sequences of the wild-type PIWIL1 protein and the PIWIL1 protein after the insertion of seven adenines by the CRISPR-Cas9 system.

cell to cell concerning number of chromosomes or
[28]
single cell chromosomal rearrangements . The heregiven karyotype was the most frequently observed
one. Interestingly, inversions, dicentrics and reciprocal
translocations of homologous acrocentric (#13, #15,
#22) was observed. Overall, gain of the following
regions was present: #1, #3, large parts of #2 and #5,
8q11.2 to 8qter, 12pter to 12q12. Besides, the following
regions were under-represented: 2pter to 2p12, 9pter
to 9p12, 15q12 to 15qter. These imbalances are in
[29]
concordance with the literature .
In AGP01, we performed for the first time an in

WJG|https://www.wjgnet.com

vitro knockout experiment of PIWIL1 gene using the
CRISPR-Cas9 system. It could be shown that absence
of this gene significantly impairs migration and invasion
capacity of AGP01 cells. Thus, the AGP01 cell line
behaves like that previously reported for gastric cancer
[12]
[26]
cells
or lung adenocarcinoma . Together, these
studies suggest that PIWIL1 expression is strongly
associated with an increased aggressiveness of cancer
cells.
[30]
According to Wang et al , one of the mechanisms
by which PIWIL1 regulates the migration and invasion
of cancer cells is by promoting the expression of MMP2
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Figure 4 Analysis of the migration capacity of the AGP01 cell line with and without PIWIL1 gene knockout. T0: Immediately after injury; T6: 6 h after injury;
T12: 12 h after injury; T24: 24 h after injury. NC: Negative control. aP < 0.01. Two-way ANOVA, Bonferroni post-test. Photomicrography of AGP01 cell migration. A:
Immediately after injury; B: 6 h after injury; C: 12 h after injury; D: 24 h after injury. The black lines represent approximation of the edges over time, demonstrating the
migration capacity of the cells.

and MMP9, two important metalloproteinases involved
in the degradation of the extracellular matrix, thereby
[31]
creating paths for the locomotion of cancer cells .
[32]
Additionally, Amaar et al
demonstrated that the
over-expression of PIWIL1 down-regulates the tumor
suppressor gene IGFBP5, a member of the insulinlike growth factor binding protein family and whose
expression is implicated in suppressing epithelialmesenchymal transition and reducing the expression of
E-cadherin and HIF1α, indicating that is it critically related
[33,34]
to cancer progression
.
Data obtained from our gene expression experiments
also provided corroborating evidence that the PIWIL1
gene plays a key role in cancer cell migration and
invasion because several genes involved in these cellular
processes were observed as DE when the cell lines were
compared before and after PIWIL1 knockout.
Many studies have demonstrated the oncogenic
activities of the DOCK2, ZNF503, PDE4D, ABL1, ABL2,
LPAR1, SMAD2 and WASF3 genes and their relation
to tumor aggressiveness in several types of cancer,
[35-58]
including gastric cancer
. Interestingly, PIWIL1
knockout led to a decreased expression of these
genes as well as an increased expression of the tumor
suppressor gene DACH1, demonstrating that PIWIL1
plays a crucial role in the pathway of development and
progression of gastric cancer, and is likely a promising
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candidate for therapeutic intervention.
[53]
Zhu et al
reported that the over-expression of
DACH1 impaired the proliferation and invasion ability of
lung adenocarcinoma cells in vitro via the down-regulation
of PRX3, an oncoprotein required for the maintenance
[59]
of mitochondrial function and tumorigenesis . DACH1
expression also inhibited epithelial-mesenchymal
transition and metastasis by affecting TGF-β signaling
and decreased proliferation of cancer cells by inducing cell
[60,61]
cycle arrest at the G2/M phase
.
[37]
Regarding the reported oncogenes, Rahrmann et al
observed that PDE4D is over-expressed in human
prostate cancer and demonstrated that the knockdown
of this gene reduced the growth and migration of
prostate cancer cells in vitro as well as the growth and
[38]
proliferation rate of prostate cancer xenografts in vivo .
[39]
Delyon et al
demonstrated that PDE4D is also overexpressed in melanoma cell lines and pinpointed this
gene as a regulator of cell invasion by interacting with
FAK through RACK1, constituting a signaling pathway
that when activated promotes tumor progression and
[43]
metastasis .
Recent studies have determined the role of ABL
members from the tyrosine kinase family, ABL1 and
ABL2, in the development of many types of solid
tumors. These proteins induce the activation of actin
polymerization machinery by modulating the expression
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Figure 5 Analysis of the invasion capacity of the AGP01 cell line with and without the PIWIL1 gene knockout. Statistically significant difference between
groups was shown by the Student’s t test (cP < 0.001). Photomicrography of the cell invasion assay demonstrating the decrease in the number of cells that invaded
when PIWIL1 was knocked out. NC: Negative control.

of several MMPs to promote morphological changes,
including the formation of membrane protrusions
and altered cell adhesion. Consequently, activation
of ABL1 and ABL2 in cancer cells promote enhanced
proliferation, migration and invasion, as well as drug
[39-42]
resistance
.
DOCK2 (dedicator of cytokinesis) belongs to
the DOCK family of proteins and is expressed in
[44]
[45]
hematopoietic cells . According to Kulkarni et al ,
DOCK2 has been reported to activate Rac, which is
known to regulate several crucial processes, including
lymphocyte migration, activation and differentiation of
[46]
[47]
T cells . Wang et al knocked out DOCK2 in a B-cell
lymphoma cell line and observed a decrease in Rac1
expression. Additionally, analysis of the growth curves of
both cell lines demonstrated that the DOCK2 knockout
grew less than DOCK2, as evidenced by the lower cell
proliferation.
ZNF503 is expressed in the mammary gland
and other tissues, and there is a high incidence of
association between this gene deregulation and tumor
aggressiveness in several kinds of tissues, such as lung,
[49]
[48]
kidney and intestine . Shahi et al performed scratch
and 3D Matrigel culture assays in two mammary
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epithelial cell lines to analyze the cell motility and
migration. Both assays demonstrated that cell lines
with ZNF503 knockout migrated less, did not close the
gaps, and inhibited invasiveness when compared to the
control cells. These data indicate that ZNF503 promotes
cellular invasion and migration, and high levels of this
gene are closely related with poor patient survival,
breast cancer progression and increased metastasis.
[50]
Yu et al
demonstrated that the lysophosphatidic
acid receptor 1 (LPAR1) gene is related to migration and
invasion in ascites from ovarian cancer and is expressed
at higher levels in metastatic cell lines, when compared
to non-metastatic cell lines. They also observed that
the presence of high levels of lysophosphatidic acid
are directly connected to cell migration stimulation,
and LPAR1 silencing reduced lysophosphatidic acidinduced invasion. Additionally, in breast tumors, a
higher expression of LPAR1 is related to a worse lung
[51]
metastasis-free survival rate .
Wiskott-Aldrich syndrome protein family 3 (WASF3)
is an important gene, which has C-terminal domains
that are responsible for actin polymerization activation,
playing a role in cell proliferation and migration. The
WASF3 gene is normally over-expressed in several types
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Figure 6 Volcano plot comparing gene expression after PIWIL1 permanent knockout in the gastric cancer AGP01 cell line. Differentially expressed probes
[adjusted P-value of < 0.05 and |Log2(Fold-Change)| > 1] are on superior left and right areas (red). mRNAs involved in invasion and migration processes are in green.

of tumors, such as breast cancer, osteosarcoma and
[52,53]
prostate cancer
. In gastric cancer, little is known
about this gene; however, since micro (mi)RNAs and
their targets are considered potential biomarkers for
[54]
gastric cancer, Wang et al
performed a luciferase
assay and western blotting to investigate the relationship
between miR-218 and WASF3. Their results demonstrated
that over-expression of WASF3 harms miR-218 and
results in the inhibition of cell proliferation and migration,
suggesting that WASF3 is over-expressed in gastric
cancer and induces cell proliferation and migration.
Additionally, in qRT-PCR, WASF3 mRNA expression levels
were higher when compared to normal gastric cell lines.
Smad2 is the first intracellular protein in the signaling
cascade of the TGF-β1 signaling pathway, which is involved
in the progression of gastric cancer. In advanced stages of
cancer, TGF-β1 acts as an oncogene, regulating multiple
cellular functions, including stimulation of proliferation,
[55,57]
differentiation and the inhibition of apoptosis
.
[56]
Interestingly, Lv et al
observed that TGF-β1
levels in peritoneal lavage fluid are directly connected
to peritoneal metastasis. Corroborating evidence
[58]
was provided by Shinto et al , whose experiments
demonstrated that p-Smad2 expression was higher in
diffuse-type tumors and in peritoneal metastasis cases.
Notably, the AGP01 cell line used to perform the PIWIL1
knockout in our study was obtained from a patient with
peritoneal metastasis, and we found SMAD2 was overexpressed.
Taken together, these data reinforce the idea that
PIWIL1 plays a crucial role in the signaling pathway
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of gastric cancer, regulating several genes involved in
migration and invasion processes; therefore, its use as
a therapeutic target may generate promising results
in the treatment of gastric cancer, mainly in patients
with peritoneal carcinomatosis, which is a condition
associated with poor prognosis and a decreased overall
survival.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Gastric cancer (GC) remains a major public health problem, having the third
highest incidence of death worldwide. Piwi like RNA-mediated gene silencing
1 (PIWIL1) is involved in regulation of widespread biological processes,
including stem cell proliferation, embryogenesis, growth, and development,
and has been found to be frequently over-expressed in various tumor types,
including GC. Previous studies have demonstrated that PIWIL1 is implicated
in improving tumor malignant behavior. PIWIL1 expression has been shown
to be absent in normal somatic tissues, making it a very intriguing target for
therapy. We attempted to investigate the role of PIWIL1 on the migration and
invasion capacity of metastatic GC cells, using the AGP01 cell line, as well as
checking the expression status of genes and proteins involved in these cellular
processes, in order to elucidate the mechanisms by which PIWIL1 provokes
tumorigenic effects and to shed light on potential new strategies to target
PIWIL1

Research motivation

Many aspects of gastric carcinogenesis remain elusive, and much effort has
been made to improve patient prognosis. The PIWIL1 has been identified
as a novel extremely highly expressed gene in many types of cancer and its
expression in GC tissue is related to poorer overall survival, suggesting that
high expression of PIWIL1 is associated with poor prognosis and that it could
be used as a predictive marker or even a target for therapy. Although PIWIL1
has been correlated with worse outcome, the involved mechanisms remain
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unclear, and many hypotheses are being tested. Once the upstream and
downstream signaling pathways of PIWIL1 are elucidated, it will be possible to
create new therapeutic strategies for gastric carcinogenesis, in order to improve
the overall health of patients affected by this disease.

improves the malignant phenotype should be further investigated.

Research conclusions

In the current study, we pioneered the performance of an in vitro knockout
of the PIWIL1 gene by using the CRISPR-Cas9 system, and found that
absence of this gene significantly impaired the migration and invasion capacity
of the AGP01 cell line, besides modifying mRNA and protein expression
of potential molecular targets involved in the EMT process. The results of
such experiments contributed to understanding of the mechanisms used by
PIWIL1 to promote alteration in migration and invasion capacity of gastric
cells during tumorigenesis, and also revealed the participation of new players
related to PIWIL1 expression, such as FGFR1, PCNA, ACTN4, PDE4D and
SMAD2. Our results demonstrated that knockout of PIWIL1 promotes several
changes in cell phenotype, suggesting the critical role of the PIWIL1 oncogene
in GC, and confirmed the hypothesis that PIWIL1 expression provokes
migration, invasiveness and EMT as potential mechanisms of improved tumor
aggressiveness. The presented findings open new perspectives for molecular
interventions in GC

Research objectives

We performed permanent knockout of the PIWL1 gene to verify phenotypic
modifications in the AGP01 metastatic GC cell line, as well as alterations in
expression level of mRNA and protein, in an attempt to better understand
the mechanisms by which PIWIL1 promotes tumor malignant behavior. This
research demonstrates the importance of studying PIWIL1 in GC, since
data obtained through the achievement of our objectives showed that this
protein has a crucial role in gastric carcinogenesis, promoting molecular and
phenotypic alterations compatible with enhanced tumor aggressiveness. The
elucidation of the role of PIWIL1 protein in cancer cell invasion and migration
will pave the way for developing potential clinical interventions, aiming to control
GC dissemination.

Research methods

Research perspectives

We applied CRISPR/Cas9 technology to knockout the PIWIL1 gene in a
metastatic GC cell line, and analyzed its phenotypic modifications, as well as
alterations in gene and protein expression. CRISPR-Cas9 technology was
considered in 2015 as one of the most important technological advances of
science. Mainly, it allows permanent silencing of the target gene and also
creates a stable and permanent cell line with the desired modification. By this
way, multiple experiments can be carried on, including long term evaluation
of the downstream events caused by the molecular alteration, as well as
discovering potential pathways influenced by the studied gene. Therefore, after
permanent knockout of PIWIL1 in the AGP01 cell line, we analyzed phenotypic
modifications by performing wound-healing and Boyden chamber invasion
assays, to assess migration and invasion, respectively. Moreover, aiming to
shed light on the molecular mechanisms used by PIWIL1 to make changes
in the migration and invasion capability of cells, we carried out proteomic and
microarray assays, using multidimensional protein identification technology
(commonly known as MudPIT) and a one-color microarray-based gene
expression analysis kit, respectively.

Definite silencing of PIWIL1 by the CRISPR-Cas9 system resulted in robust
findings favoring the discovery of new mechanisms involved in gastric
carcinogenesis. The presented results must be validated by other researchers,
and if confirmed, might lead to innovative interventions aiming to treat GC.
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Abstract

satellite instability (MSI). We suggest that F. nucleatum
contributes to CRC development by increasing the
expression of inflammatory mediators through a possible
miRNA-mediated activation of TLR2 /TLR4 . The miRNA:
mRNA interaction network suggests an upregulation of
miR-34a in CRC via a TLR2 /TLR4 -dependent response
to F. nucleatum . KRAS mutations were more frequent
in F. nucleatum -infected CRC and were associated with
a greater expression of miR-21 in CRA, while IL8 was
upregulated in MSI-high CRC.

AIM
To examine the effect of Fusobacterium nucleatum
(F. nucleatum ) on the microenvironment of colonic
neoplasms and the expression of inflammatory mediators
and microRNAs (miRNAs).
METHODS
Levels of F. nucleatum DNA, cytokine gene mRNA
(TLR2 , TLR4 , NFKB1 , TNF , IL1B , IL6 and IL8 ), and
potentially interacting miRNAs (miR-21-3p, miR-22-3p,
miR-28-5p, miR-34a-5p, miR-135b-5p) were measured
by quantitative polymerase chain reaction (qPCR)
®
TaqMan assays in DNA and/or RNA extracted from
the disease and adjacent normal fresh tissues of 27
colorectal adenoma (CRA) and 43 colorectal cancer
(CRC) patients. KRAS mutations were detected by direct
sequencing and microsatellite instability (MSI) status by
multiplex PCR. Cytoscape v3.1.1 was used to construct
the postulated miRNA:mRNA interaction network.
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RESULTS
Overabundance of F. nucleatum in neoplastic tissue
compared to matched normal tissue was detected in
CRA (51.8%) and more markedly in CRC (72.1%). We
observed significantly greater expression of TLR4 , IL1B ,
IL8 , and miR-135b in CRA lesions and TLR2 , IL1B , IL6 ,
IL8 , miR-34a and miR-135b in CRC tumours compared
to their respective normal tissues. Only two transcripts
for miR-22 and miR-28 were exclusively downregulated
in CRC tumour samples. The mRNA expression of IL1B ,
IL6 , IL8 and miR-22 was positively correlated with F.
nucleatum quantification in CRC tumours. The mRNA
expression of miR-135b and TNF was inversely correlated.
The miRNA:mRNA interaction network suggested that
the upregulation of miR-34a in CRC proceeds via a
TLR2 /TLR4 -dependent response to F. nucleatum . Finally,
KRAS mutations were more frequently observed in CRC
samples infected with F. nucleatum and were associated
with greater expression of miR-21 in CRA, while IL8 was
upregulated in MSI-high CRC.

INTRODUCTION
Colorectal cancer (CRC) is one of the three leading
causes of cancer-related deaths and the third most
frequently diagnosed cancer worldwide, with 1849518
[1]
new cases and 880792 deaths estimated in 2018 . In
Brazil, CRC is the third most frequent cancer in men
[2]
and the second most frequent cancer in women . CRC
is associated with chronic inflammation and oxidative
processes that can induce malignant cell transformation
and activate carcinogenic processes such as proliferation
[3]
and angiogenesis .
The human intestinal microbiota is composed of many
species that may play an important role in inflammatory
gastrointestinal diseases, such as inflammatory bowel
disease and CRC. Among the microbiota, Fusobacterium
nucleatum (F. nucleatum) has emerged as a potential
[4-7]
factor in CRC aetiology . This bacterium is a gramnegative anaerobic commensal pathogen that is
associated with several human diseases, especially those
[5,8]
related to the oral and intestinal tracts . Some studies
suggest that F. nucleatum can cause a pro-inflammatory
microenvironment in the intestine through deregulating
inflammatory and immune responses, thereby promoting
a microenvironment propitious for tumour initiation and
[5,6,9]
CRC progression
. However, the mechanisms involved
in this proposed tumourigenic process are still under
discussion.
Studies have shown an abundance of F. nucleatum
in tumour tissues and stool samples from CRC patients
compared to adjacent normal tissues, colorectal
adenomas (CRA) or even healthy subjects, and this
observation was also correlated with shorter post[6,10-12]
diagnosis overall survival
. These results reinforce
the importance of F. nucleatum detection to assist in
the identification of risk groups and early detection of
CRC with implications for disease prognosis as well.

CONCLUSION
Our findings indicate that F. nucleatum is a risk factor
for CRC by increasing the expression of inflammatory
mediators through a possible miRNA-mediated activation
of TLR2 /TLR4 .
Key words: Colorectal cancer; Colorectal adenoma;

Fusobacterium nucleatum ; Inflammation; Cytokines;
MicroRNAs

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

Core tip: We examined the influence of Fusobacterium
nucleatum (F. nucleatum ) in colorectal adenoma (CRA)

and colorectal cancer (CRC) on the mRNA expression
of inflammatory mediators and the association with
microRNA (miRNA) levels, KRAS mutation, and micro
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The interaction of microorganisms with the intestinal
epithelium initially involves recognition by Toll-like
[13]
receptors (TLRs) and activation of the nuclear factorkappa B (NF-κB) pathway, which is the main signalling
pathway regulating inflammatory responses implicated in
[14]
colorectal tumourigenesis . NF-κB may facilitate tumour
progression through the expression of pro-inflammatory
[15]
cytokines , which have different roles in colorectal
carcinogenesis. These pro-inflammatory cytokines
include interleukin (IL) IL1B, which can induce tumour
[16]
cell proliferation ; IL6 and IL8, which are related to
[17]
tumour growth, angiogenesis and metastasis ; and
tumour necrosis factor (TNF) A, which can decrease cell
[16,18]
death
.
F. nucleatum infection has also been associated
with common CRC tumour genetic and epigenetic
alterations, such as microsatellite instability (MSI), CpG
island methylator phenotype (CIMP), and mutations
[19-21]
in the BRAF and KRAS genes
. These alterations
are thought to be due to F. nucleatum-mediated
inflammatory responses influencing the molecular
pathways of colorectal carcinogenesis via generation
of reactive oxygen species (ROS) and greater proinflammatory gene expression, resulting in aberrant
DNA methylation and DNA damage.
MicroRNAs (miRNAs) have a well-established role
in inflammatory processes and can serve as molecular
markers for diagnosis, prognosis, and treatment
[22]
response . Several miRNAs have been associated
[23-25]
with CRC development and progression
, including
investigations of F. nucleatum-induced inflammation and
[26-28]
CRC
.
However, the interaction and (dys)regulation
between inflammatory genes and miRNAs in potential
F. nucleatum-induced colorectal carcinogenesis has not
previously been elucidated. Thus, we investigated the
association of F. nucleatum abundance in CRA and CRC
tissues with the expression of inflammatory genes (TLR2,
TLR4, NFKB1, TNF, IL1B, IL6 and IL8) and miRNAs (miR21-3p, miR-22 -3p, miR-28-5p, miR-34a-5p and miR135b-5p). These genes and miRNAs were selected due to
their proposed involvement in the inflammatory process
or colorectal carcinogenesis from the literature and public
[29,30]
databases (TarBase v7.0 and miRBase 2.1)
. Our
findings suggest that the host inflammatory response to
F. nucleatum contributes to the neoplastic progression of
CRA to CRC though TLR2 and TLR4 activation of the proinflammatory cytokines IL1B, IL6 and IL8 in a potentially
miRNA-dependent process.

A total of 43 fresh-frozen CRC tissue samples and
the matched adjacent normal tissue (N-CRC) as well
as 27 CRA tissue samples and the matched adjacent
normal tissue (N-CRA) were collected from the
Proctology Service of Hospital de Base and Endoscopy
Center Rio Preto, both in SP (Brazil) during the period of
2010 to 2012.
All required information on demographic and
clinical histopathological parameters was obtained from
the patients’ medical records. The inclusion criteria
were patients with a confirmed diagnosis of precancerous adenomas or sporadic CRC by standard
clinical histopathological measures without previous
chemotherapy and radiotherapy, and the exclusion
criterion was patients with hereditary CRC.

Acid nucleic extraction and cDNA reverse transcription

Simultaneous extraction of total RNA and DNA from
colorectal tissue samples was performed using the
TRIzol reagent (Ambion, Carlsbad, CA, United States)
and corresponding protocol from the manufacturer. A
reverse transcriptase reaction was performed using a
High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, United States) as described
[31]
previously . The synthesis of cDNA to the miRNAs
®
was carried out with a TaqMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA,
United States) according to the manufacturer’s protocol.

Quantification of F. nucleatum

Quantification of F. nucleatum was performed in
CRA, CRC and the respective adjacent normal
DNA samples by quantitative real-time PCR
®
(qPCR). TaqMan Gene Expression Assays (Applied
Biosystems, Foster City, CA, United States) with
specific probes for the bacterial gene target NusG
(5’-TCAGCAACTTGTCCTTCTTGATCTTTAAATGAACC-3’
TAMRA probe FAM) and the human gene PGT
(5’-CCATCCATGTCCTCATCTC-3’ TAMRA probe FAM)
as a reference were assayed by StepOnePlus RealTime PCR (Applied Biosystems, Foster City, CA, United
States). The reactions were performed separately
for each gene at a 12 μL final volume using 20 ng of
genomic DNA, 400 nmol/L primer (NusG sequences:
5’-CAACCATTACTTTAACTCTACCATGTTCA-3’ and
3’-GTTGACTTTACAGAAGGAGATTATGTAAAAATC-5’,
P G T : 5 ’ - AT C C C C A A A G C A C C T G G TTT- 3 ’ a n d
3’-AGAGGCCAAGATAGTCCTGGTAA-5’) (Invitrogen,
Carlsbad, Califórnia, United States), 400 nmol/L probe
and GoTaq probe 1 × qPCR Master Mix (Promega,
Madison, Wisconsin, United States). The reaction was
subjected to temperatures of 50 ℃ for 2 min, 95 ℃ for
10 min, then 60 cycles of 95 ℃ for 15 s and 57 ℃ for 1
[10]
min . All reactions were performed in duplicate, and
all experiments had a no-template control that was
used to confirm no contamination in samples. Cq (cycle
quantification) values were calculated after adjusting
the threshold by StepOne software (v. 2.2.2) (Applied

MATERIALS AND METHODS
Clinical samples

This study was approved by the Research Ethics
Committee of IBILCE/UNESP, São José do Rio Preto (SP),
Brazil (reference 1.452.373). Written informed consent
was obtained from all individuals, and all samples were
coded to protect patient anonymity.
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Biosystems, Foster City, CA, United States), and all
samples with a resulting Cq value were considered
positive. Relative quantification (RQ) for the F. nucleatum
-ΔΔCt
gene (NusG) was calculated based on the 2
[32]
method and was expressed for each group relative to
the respective normal tissue samples both in an unpaired
way, using the mean of adjacent normal samples as a
calibrator for each group, and in a paired way, using the
respective adjacent normal of each sample as its specific
calibrator.

network with the nodes representing the genes, miRNAs,
and/or proteins and the edges representing their
interactions.

KRAS mutation

KRAS (codons 12 and 13) hotspot mutation regions
were analysed by PCR, followed by direct sequencing,
[38]
as previously described . PCR was performed at a
final volume of 15 μL under the following conditions:
1.5 μL of buffer (Qiagen, Venlo, The Netherlands),
2 mmol/L MgCl2 (Qiagen, Venlo, The Netherlands),
100 mmol/L dNTPs (Invitrogen, Carlsbad, Califórnia,
United States), forward and reverse primers at 0.2
mmol/L (Sigma Aldrich), 1 unit of HotStarTaq DNA
polymerase (Qiagen, Venlo, The Netherlands) and 1
μL of DNA at 50 ng/μL. The KRAS primers used were
5’-GTGTGACATGTTCTAATATAGTCA-3’ (forward) and
[39]
3’-GAATGGTCCTGCACCAGTAA-5’ (reverse) .
PCR products were purified with ExoSAP (GE
Technology, IL, United States) and then added to a
sequencing reaction mix containing 1 μL of BigDye
(Applied Biosystems, Foster City, CA, United States),
1.5 μL of sequencing buffer (Applied Biosystems, Foster
City, CA, United States) and 1 μL of primer, followed by
post-sequencing purification with a BigDye XTerminator
Purification Kit (Applied Biosystems, Foster City, CA,
United States) according to the instructions from the
manufacturer. Direct sequencing was performed on a
3500 xL Genetic Analyzer (Applied Biosystems, Foster
City, CA, United States). All mutations were confirmed
in a second, independent PCR experiment.

Relative quantification of inflammatory mediator genes
and miRNAs

Relative quantifications for the expression of 7
inflammatory genes [TLR2 (Hs00610101_m1), TLR4
(Hs01060206_m1), NFKB1 (Hs00765730_m1), IL1B
(Hs01555410_m1), IL6 (Hs00985639_m1), IL8
(Hs00174103_m1) and TNF (Hs00174128_m1)] and
5 miRNAs [hsa-miR-21-3p (TM002438), hsa-miR-223p (TM000398), hsa-miR-28-5p (TM000411), hsamiR-34a-5p (TM000426), and hsa-miR-135b-5p
(TM002261)] were performed in 27 CRA and 43 CRC
cDNA samples. Adjacent normal tissue samples of
each lesion (CRA and CRC) were studied as a sample
pool with the same amount of cDNA. The qPCRs were
®
performed using the TaqMan Gene Expression Assays
(Applied Biosystems, Foster City, CA, United States)
with specific probes for each gene according to the
instructions from the manufacturer, in a final volume of
10 μL using 25 ng of cDNA for the cytokine genes and
0.66 ng for the miRNAs. All reactions were performed
in duplicate, and all experiments had a no-template
control. The reactions were subjected to the StepOne
Plus Real-Time PCR System (Applied Biosystems, Foster
City, CA, United States). Cq values were calculated
after adjusting the threshold by the StepOne software
(v.2.2.2) (Applied Biosystems, Foster City, CA, United
States). For the mRNA analyses, the ACTB and GAPDH
genes were used as reference genes, as validated in a
[31]
previous study . For the miRNA analysis, the method
[33]
of global normalization was employed . RQ values
-ΔΔCt
[32]
were calculated using the 2
method , considering
the pool of the respective adjacent normal samples
as the calibrator and considering the Cq mean of CRA
expression for the CRC samples.

MSI status

MSI evaluation was performed using a multiplex PCR
comprising six quasimonomorphic mononucleotide
repeat markers (NR-27, NR-21, NR-24, BAT-25, BAT-26
[40,41]
and HSP110), as previously described
. Primer
[41,42]
sequences, as described
, were each reverse
primer end-labelled with a fluorescent dye as follows:
6-carboxyfluorescein (6-FAM) for BAT-26 and NR-21;
20-chloro-70-phenyl-1,4-dichloro-6-carboxyfluorescein
(VIC) for BAT-25, NR-27 and HSP110; and 2,7,8-benzo5-fluoro-2,4,7-trichloro-5-carboxyfluorescein (NED) for
NR-24. PCR was performed using a Qiagen Multiplex
PCR Kit (Qiagen, Venlo, The Netherlands) with 0.5 μL
of DNA at 50 ng/μL and the following thermocycling
conditions: 15 min at 95 ℃; 40 cycles of 95 ℃ for 30 s,
55 ℃ for 90 s and 72 ℃ for 30 s; and a final extension at
72 ℃ for 60 min. Fragment analyses were performed on
a 3500 xL Genetic Analyser (Applied Biosystems, Foster
City, CA, United States) according to the instructions
from the manufacturer, and the results were analysed
using GeneMapper v4.1 (Applied Biosystems, Foster
City, CA, United States). Cases exhibiting instability at
two or more markers were considered to have high
MSI (MSI-H), cases with instability at one marker were
defined as having low MSI (MSI-L) and cases that
showed no instability were defined as microsatellite

miRNA-mRNA interaction networks

Prediction of targets regulated by miRNAs was performed
using the miRNA Data Integration Portal bioinformatics
[34]
tool (http://ophid.utoronto.ca/mirDIP/) . A proteinprotein interaction network was generated via the
String database (version 9.1) using the target genes
[35]
as an input . The identified miRNAs and target genes
were integrated into interaction networks by Cytoscape
[36]
software (version 3.1.1) . The biological function of the
identified genes in the network was defined using the
[37]
BiNGO tool in Cytoscape (version 3.0.2) . Cytoscape
software also provides a graphical visualization of the
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F. nucleatum quantification
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Figure 1 Relative quantification of the Fusobacterium nucleatum NusG gene in adenoma and colorectal cancer samples compared to adjacent normal
tissues and colorectal cancer compared to adenoma tissue. Statistically significant differences, according to the Wilcoxon signed-rank test, were as follows:
colorectal adenoma: aP = 0.0002, colorectal cancer: bP = 0.0002, colorectal cancer/adenoma: cP < 0.0001. Median with interquartile range graph. CRA: Colorectal
adenoma; CRC: Colorectal cancer; CRC/AD: Colorectal cancer/adenoma; RQ: Relative quantification; F. nucleatum: Fusobacterium nucleatum.
[40]

stable (MSS)

.

samples.
A comparison of CRC samples with CRA samples,
using the Cq mean of CRA rather than the normal
mucosa as a calibrator for the analysis, estimated the
quantification of F. nucleatum as 24.84 times greater in
CRC samples than in CRA samples (P < 0.0001) (Figure 1).

Statistical analysis

KRAS mutation and MSI status were compared between
groups using Fisher’s exact test. The distribution of
continuous data was evaluated using the D’AgostinoPearson normality test. The Wilcoxon signed-rank test was
used to test the significance of the RQ of the measured
genes from the qPCR experiments. Spearman’s rank
correlation coefficient test was performed to compare the
F. nucleatum quantification with the expression of the
inflammatory genes and miRNAs. For all analyses, P < 0.05
was considered statistically significant. The analysis was
performed by GraphPad Prism software (version 6.01).

Gene expression of inflammatory mediators

Gene expression of inflammatory mediators in CRA
samples and CRC samples relative to adjacent normal
tissue samples showed significantly increased mRNA
levels for TLR4 (RQ = 2.27, P =0.0003), IL1B (RQ =
2.27, P = 0.0047) and IL8 (RQ = 3.33, P = 0.0006)
in CRA tissues (Table 1, Figure 2A) and for TLR2 (RQ
= 2.36, P < 0.0001), IL1B (RQ = 4.13, P < 0.0001),
IL6 (RQ = 6.67, P < 0.0001) and IL8 (RQ = 6.36, P <
0.0001) in CRC tumours (Table 1, Figure 2B).
Additionally, elevated expression of TLR2 (RQ = 1.68,
P < 0.0001), IL1B (RQ = 4.79, P < 0.0001), IL6 (RQ =
9.40, P < 0.0001) and IL8 (RQ = 12.12, P < 0.0001)
was observed in CRC tumours compared to CRA tissues
(Table 1, Figure 2C).

RESULTS
Quantification of F. nucleatum in CRA and CRC tissues

Among 43 CRC and 27 CRA samples and their
respective normal adjacent mucosa (N-CRC and
N-CRA, respectively) quantified for F. nucleatum, 33
(76.7%) CRC samples, 31 (72.1%) N-CRC samples, 14
(51.8%) CRA samples, and 13 (48.1%) N-CRA samples
were positive for bacterial DNA. Of these samples,
the presence of the bacterium was observed in both
the lesion and its matched normal mucosa for 6 CRA
samples and 27 CRC samples. A significant increase in
bacterial DNA was found for both CRA (RQ = 5.64) and
CRC (RQ = 8.67) tissues compared to the respective
normal adjacent tissues (Figure 1).
In addition, the analysis of F. nucleatum quantification
for the CRC group was also performed in a paired way,
using the respective adjacent normal tissue of each
sample as its specific calibrator. This result was consistent
with the unpaired analysis showing more F. nucleatum in
tumour tissues (RQ = 17.71, P = 0.0002). For the CRA
samples, this paired analysis was not performed due
to the low potential of analysing the available 6 paired
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miRNA gene expression

A similar estimation of miRNA relative gene expression
was performed for CRA and CRC samples, in which
miRNAs (miR-21, miR-22, miR-28, miR-34a, miR-135b)
were quantified in each neoplastic tissue sample relative
to a pool of the adjacent normal tissue. For the CRA
group, only miR-135b was upregulated (RQ = 2.19,
P = 0.0074) (Table 2, Figure 3A). However, for CRC
samples, while miR-34a (RQ = 1.38, P = 0.0029) and
miR-135b (RQ = 9.31, P < 0.0001) were upregulated,
miR-22 (RQ = 0.27, P < 0.0001) and miR-28 (RQ =
0.65, P = 0.0045) were downregulated (Table 2, Figure
3B). Relative to the CRA group, CRC samples also
presented a significant increase in the gene expression
of miR-34a (RQ = 1.26, P = 0.01) and miR-135b (RQ =
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Table 1 Relative quantification of mRNA expression of the inflammatory genes in adenoma and colorectal cancer samples compared
with adjacent normal tissue samples and colorectal cancer samples relative to the adenoma group

CRA
RQ median
RQ Range
P value
CRC
RQ median
RQ Range
P value
CRC/CRA
RQ median
RQ Range
P value

TLR2

TLR4

NFKB1

IL1B

IL6

IL8

TNF

0.87
0.36-10.80
0.2940

2.27
0.32-11.25
0.0003a

1.02
0.45-3.38
0.5360

2.27
0.14-76.76
0.0047a

1.12
0.09-80.41
0.2473

3.33
0.10-874.50
0.0006a

0.75
0.14-2.60
0.0527

2.36
0.31-35.80
< 0.0001a

0.74
0.20-23.42
0.4476

0.90
0.31-8.49
0.9855

4.13
0.13-245.70
< 0.0001a

6.67
0.09-192.80
< 0.0001a

6.36
0.16-194.20
< 0.0001a

0.72
0.06-31.76
0.2391

1.68
0.22-25.49
< 0.0001a

0.54
0.15-17.22
0.0608

0.78
0.27-7.35
0.1237

4.79
0.15-284.80
< 0.0001a

9.40
0.13-271.80
< 0.0001a

12.14
0.31-370.60
< 0.0001a

0.70
0.06-30.77
0.1560

Wilcoxon signed rank test. aP value < 0.05 were considered statistically significant. CRA: Colorectal adenoma; CRC: Colorectal cancer; RQ: Relative
quantification; TNF: Tumour necrosis factor; IL: Interleukin; NFKB: Nuclear factor kappa B; TLR: Toll-like receptor.

Table 2 Relative quantification of microRNAs in adenoma and colorectal cancer samples compared with adjacent normal tissue
samples and colorectal cancer samples relative to the adenoma group

CRA
RQ median
RQ Range
P value
CRC
RQ median
RQ Range
P value
CRC/CRA
RQ median
RQ Range
P value

miR-21

miR-22

miR-28

miR-34a

miR-135b

0.75
0.15-13.91
0.6349

0.85
0.10-3.05
0.1747

0.73
0.08-2.17
0.1904

0.97
0.12-4.74
0.3306

2.19
0.10-25.13
0.0074a

0.53
0.08-12.53
0.1725

0.27
0.026-2.78
< 0.0001a

0.65
0.11-7.27
0.0045a

1.38
0.20-30.0
0.0029a

9.31
0.45-74.00
< 0.0001a

1.01
0.15-23.91
0.0969

0.59
0.06-6.07
0.5770

0.77
0.14-8.79
0.1271

1.26
0.18-27.51
0.0101a

2.64
0.13-20.96
< 0.0001a

Wilcoxon signed rank test. aP value < 0.05 were considered statistically significant. CRA: Colorectal adenoma; CRC: Colorectal cancer; RQ: Relative
quantification.

2.64, P < 0.0001) (Table 2, Figure 3C).

levels, we also performed a correlation analysis
between the RQ values of miRNAs and inflammatory
genes in both CRA and CRC samples. For CRA samples,
there was a positive correlation of IL8 with miR-21 (r =
0.40, P = 0.0466), miR-34a (r = 0.44, P = 0.0296) and
miR-135b (r = 0.46, P = 0.0200) (Table 4). Regarding
CRC, several positive correlations were observed
between miR-21, miR-22, and miR-28 and most of the
inflammatory genes evaluated, and there was also a
significant inverse correlation between miR-135b and
TNF (r = - 0.32, P = 0.0411) (Table 4).
Additionally, we identified in silico a miRNA:mRNA
interaction network that may be deregulated in CRC
(Figure 4). This analysis demonstrated the interrelations
of the inflammatory mediator genes alone and with their
miRNA moderators (e.g., miR-28 and miR-34a targeting
TLR4, miR-22 targeting TLR2 and miR-135b targeting
IL6). The negative correlation of the expression of miR135b and TNF found in this study (Table 4) was also
demonstrated in this in silico a miRNA:mRNA interaction
network, although not functionally validated in our study
[34]
and not yet predicted by public databases (Figure 4).

Interactions between F. nucleatum abundance with the
expression of inflammatory mediator genes and miRNAs

A correlation analysis was performed between the RQ
values of inflammatory genes (TLR2, TLR4, NFKB1,
TNF, IL1B, IL6 and IL8) and F. nucleatum DNA levels in
all neoplasms. For the CRA group, the only significant
finding was a negative correlation between TLR4 and
F. nucleatum quantification (r = - 0.62, P = 0.0235).
However, for CRC, significant positive correlations were
observed for bacterial DNA levels with cytokines IL1B (r
= 0.46, P = 0.0066), IL6 (r = 0.47, P = 0.0059), and
IL8 (r = 0.54, P = 0.0013) (Table 3).
In the miRNA analysis, while no significant corre
lations was observed for the CRA group, there was
a significant positive correlation between miR-22
expression and F. nucleatum (r = 0.38, P = 0.0331) in
the CRC group (Table 3).

miRNA-mRNA correlation and interaction networks

Finally, independent of considerations of F. nucleatum
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Figure 2 Relative quantification of inflammatory genes in (A) adenoma and (B) colorectal tumour tissue samples compared to a pool of respective
adjacent normal tissue samples and (C) colorectal tumour tissue samples compared to adenoma samples. All samples were normalized to the reference
genes ACTB and GAPDH. Statistically significant differences, according to the Wilcoxon signed-rank test, were aP ≤ 0.001 and bP ≤ 0.01. Median with interquartile
range graph. RQ: Relative quantification.

KRAS mutation and MSI status in CRA and CRC tissues

the association between F. nucleatum quantification
and the expression of cytokines and miRNAs involved
in the inflammatory stress response in CRA and CRC
tissues from a South American patient study. Our results
corroborated previous studies showing that F. nucleatum
is present in greater amounts in tumours compared to
both CRA and matched normal tissues. Importantly,
our work further suggests that the abundance of F.
nucleatum can affect cytokine expression possibly via
recognition by TLR4 and TLR2 with regulation by miRNAs
such as miR-34a, miR-135b and miR-22.
Several studies in North American, European and
Asian populations showed the overabundance of F.
nucleatum when comparing CRC tissues with normal
[5,10,11,37,40,43-45]
adjacent tissues, healthy subjects
or CRA
[10,43]
tissues
. A recent meta-analysis concluded that
intestinal F. nucleatum is a valuable diagnostic marker
[46]
for CRC . A different Brazilian study with a small
sample size, also in the southeast region, previously
showed greater levels of F. nucleatum in CRC (DNA
levels in faecal samples of CRC patients were compared
[47]
to those of healthy subjects) . Our study of fresh
tissue samples from Brazilian CRA and CRC patients

Mutations in codons 12 and 13 of the KRAS gene
were detected in 8/27 (30%) of CRA tissues and
11/43 (26%) of CRC tissues (P = 0.7854), of which
p.Gly12Asp (G12D) and p.Gly13Asp (G13D) were the
most frequent changes in both CRA and CRC tissues
(Table 5). Regarding the MSI status, all the CRAs were
microsatellite stable or MSI-low, while 7/43 (16%) of
CRC samples were MSI-high (P = 0.0382; Table 5).
The KRAS mutation was associated with F. nucleatum
presence in CRC tumours (P = 0.0432) and had greater
expression of miR-21 in CRA samples (P = 0.0409). The
MSI-high tumour status was associated with increased
expression of IL8 (P = 0.0171). Other comparisons
of the association between KRAS mutations and MSI
status with F. nucleatum levels or cytokine gene and
miRNA expressions showed no significant differences.

DISCUSSION
To better understand the possible mechanistic
relationship between F. nucleatum presence and the
immune response in CRC development, we evaluated
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more highly expressed in CRC tumours, while miR-22
and miR-28 were downregulated (Figure 5). These
findings indicate that several of these genes are already
dysregulated in early CRA stages of colorectal neoplasia
as well as in CRC; thus, these genes may contribute
to inflammatory stresses that drive the progression
from CRA to CRC. Greater TLR2 expression appears
to be a later event in colorectal carcinogenesis, as also
indicated by our recent study showing increased mRNA
[31]
and protein expression of TLR2 in CRC tissues .
Recent studies have demonstrated that the TLR4/
MYD88/NF-κB pathway is activated by F. nucleatum
infection, which stimulates the overexpression of
[28]
miR-21 . Moreover, the TLR4/MYD88 innate immune
signalling and the miR-18a and miR-4802 expression
in CRC patients with a high amount of F. nucleatum
activate the autophagy pathway to control CRC
[50]
chemoresistance . In summary, these findings
suggest the involvement of both TLR2 and TLR4 in F.
nucleatum immune recognition.
Correlations of both inflammatory genes and miRNA
expression with F. nucleatum levels showed positive
associations with IL1B, IL6, and IL8 as well as with
miR-22 in CRC tissues. Increased expression of IL1B,
IL6 and TNF has also been reported by in vitro and
[51,52]
animal model studies after F. nucleatum infection
.
Together with existing data, our results are
consistent with a scenario in which F. nucleatum triggers
an increased expression of IL1B, IL6 and IL8, which
further adds to inflammatory pressures fuelling the
progression of colorectal neoplasia. Our work suggests
that this phenomenon may proceed by an alternative
pathway involving the recognition by the TLR2 receptor
(Figure 5) to that pathway previously shown for the
[48]
invasion of epithelial cells via FadA .
To date, several studies evaluated the abundance of
[26-28]
F. nucleatum with miRNA expression in CRC
. In our
study, we found a positive correlation between miR-22
and the abundance of F. nucleatum in CRC. miR-22
suppresses the expression of the p38 gene, which can
[53]
impair the production of dendritic cells in tumours .
As dendritic cells are important in the TLR-mediated
[54]
recognition of microorganisms , patients with
upregulated miR-22 may have a compromised immune
system due to fewer dendritic cells, favouring the
proliferation of microorganisms such as F. nucleatum.
Therefore, this positive correlation observed between
miR-22 and F. nucleatum levels may be related to its
role in the immune response and should be further
investigated.
In addition, we also observed associations between
both the KRAS mutation and MSI status and the
expression of inflammatory genes or miRNAs in CRA
and CRC tissues. Interestingly, we observed a greater
expression of miR-21 associated with the KRAS
mutation in the CRA tissues, but not in CRC tissues. In
non-small cell lung cancer (NSCLC), the overexpression
of wild type KRAS or mutated KRAS (G12D) was

Table 3 Correlation analysis between the relative
quantification of the inflammatory genes and microRNAs with
the quantification of Fusobacterium nucleatum in adenoma
and colorectal cancer samples
Spearman correlation coefficient (r )
TLR2
P value
TLR4
P value
NFKB1
P value
IL1B
P value
IL6
P value
IL8
P value
TNF
P value
miR-21
P value
miR-22
P value
miR-28
P value
miR-34a
P value
miR-135b
P value

CRA

CRC

0.42
0.1557
-0.62
0.0235a
-0.40
0.1809
0.31
0.3064
0.01
0.9716
-0.07
0.8166
0.30
0.3156
-0.21
0.4643
0.17
0.5528
0.04
0.8872
0.17
0.5630
-0.05
0.8637

0.09
0.6335
-0.01
0.9587
-0.04
0.8045
0.46
0.0066a
0.47
0.0059a
0.54
0.0013a
0.23
0.2027
0.26
0.1467
0.38
0.0331a
0.01
0.9413
0.00
0.9905
0.22
0.2163

Spearman correlation test. aP value < 0.05 were considered statistically
significant. CRA: Colorectal adenoma; CRC: Colorectal cancer; TNF:
Tumour necrosis factor; IL: Interleukin; NFKB: Nuclear factor kappa B;
TLR: Toll-like receptor.

provided more evidence of the increasing abundance
of F. nucleatum in the progression from adenoma to
cancer.
The mechanism by which F. nucleatum function
ally contributes to colorectal tumourigenesis has
been investigated in several studies. It has been
shown that this bacterium causes an inflammatory
microenvironment more favourable to CRC development
[6]
among other bacteria that colonize at the tumour site .
A carcinogenic mechanism proposed is that F. nucleatum
promotes an oncogenic and inflammatory response via
FadA, the main virulence factor of F. nucleatum, binding
[48]
to E-cadherin and activating the B-catenin pathway . In
addition, the F. nucleatum lectin Fap2 binds to the GalGalNAc polysaccharide expressed by CRC cells, likely
[9]
increasing immune-mediated inflammation . Moreover,
the presence of F. nucleatum in the gut affects tumourrelated cytokines and activates the JAK/STAT and MAPK/
[49]
ERK pathways involved in CRC tumour progression
(Figure 5).
In our study, in CRA disease tissues, we found
that the mRNA expression of TLR4, IL1B, and IL8 was
increased, as was the expression of miR-135b. In CRC
tumour tissues, the TLR2 receptor and the IL genes
IL1B, IL6 and IL8 were significantly upregulated when
compared to adjacent normal tissues and to CRA
tissues. miRNA levels of miR-34a and miR-135b were
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Table 4 Correlation analysis between the relative quantification of microRNAs with the inflammatory genes in adenoma and
colorectal cancer samples
Spearman correlation coefficient (r )
CRA
TLR2
P value
TLR4
P value
NFKB1
P value
IL1B
P value
IL6
P value
IL8
P value
TNF
P value
CRC
TLR2
P value
TLR4
P value
NFKB1
P value
IL1B
P value
IL6
P value
IL8
P value
TNF
P value

miR-21

miR-22

miR-28

miR-34a

miR-135b

0.09
0.6608
0.18
0.3892
-0.01
0.9796
0.29
0.1667
0.30
0.1430
0.40
0.0466a
-0.21
0.3083

0.29
0.1655
0.06
0.7926
-0.17
0.4252
0.15
0.4834
0.08
0.7148
0.18
0.4017
-0.04
0.8638

0.31
0.1266
0.18
0.3955
-0.21
0.3191
0.09
0.6555
0.05
0.8237
0.17
0.4273
-0.03
0.9012

0.23
0.2606
0.41
0.0431
-0.19
0.3650
0.45
0.0232
0.26
0.2136
0.44
0.0296a
-0.05
0.8152

0.09
0.6714
0.38
0.0598
-0.20
0.3454
0.38
0.0610
0.24
0.2417
0.46
0.0200a
-0.11
0.6084

0.29
0.0777
0.07
0.668
0.18
0.2779
0.53
0.0004a
0.54
0.0004a
0.53
0.0005a
0.26
0.1094

0.53
0.0005a
0.34
0.0377a
0.31
0.0499a
0.43
0.0055a
0.57
0.0002a
0.37
0.0180a
0.42
0.0071a

0.18
0.2790
0.33
0.0401a
0.02
0.8958
0.13
0.4139
0.18
0.2813
0.09
0.5734
0.03
0.8406

0.19
0.2408
0.26
0.1216
-0.10
0.5462
0.22
0.1668
0.21
0.2095
0.23
0.1506
0.08
0.6264

-0.14
0.3923
0.05
0.7586
-0.30
0.0574
-0.10
0.5248
0.05
0.7680
0.13
0.4314
-0.32
0.0411a

Spearman correlation test. aP value < 0.05 were considered statistically significant. CRA: Colorectal adenoma; CRC: Colorectal cancer; TNF: Tumour
necrosis factor; IL: Interleukin; NFKB: Nuclear factor kappa B; TLR: Toll-like receptor.

reported to modulate the expression of miRNAs,
[55]
including miR-21 and miR-30c . The authors showed
that miR-30c and miR-21 were specifically activated
by KRAS and played an important role in lung cancer
development and chemoresistance by targeting crucial
tumour suppressor genes. Moreover, we also observed
a positive association between the expression of IL8
mRNA and MSI-H colorectal carcinoma, independent of
the presence and abundance of F. nucleatum. Recently,
[20]
Hamada et al reported an association of F. nucleatum
levels with the immune response to colorectal carcinoma
according to the tumour MSI status, suggesting an
interplay between F. nucleatum, MSI status, and
immune cells in the CRC tumour microenvironment.
MSI-H colorectal carcinomas generate immunogenic
peptides due to a mismatch repair deficiency, resulting
in a strong anti-tumour immune response thought to
underlie the reported favourable prognosis and better
response to immunotherapies of this molecular subtype
[20]
of CRC .
We also evaluated the correlation between the
expression of miRNAs and inflammatory mediator
genes, and we formulated a miRNA:mRNA interaction
[34]
network based on predicted database targets . The
correlations were mainly positive, including miR-21,
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miR-34a and miR-135b with IL8 in CRA tissues and
between miR-21, miR-22 and miR-28 with most of the
inflammatory mediator genes studied in CRC tissues.
However, a negative correlation was observed between
miR-135b and TNF.
miR-135b has been previously associated with an
[56-58]
increased expression in CRC and CRA tissues
and
has been proposed to be an oncomiR targeting several
[56,58]
tumour suppressor genes
. Studies have proposed
that the detection of miR-135b in stool samples can
be used as a non-invasive biomarker for CRC and
[59]
CRA , and silencing miR-135b may be considered
[56,58]
a possible therapy for CRC
. Data showing that
miR-135b indirectly inhibits the production of LPS
(lipopolysaccharide)-induced TNF by suppressing the
production of ROS and the activation of NF-κB in human
[60]
macrophages
support the negative correlation found
between miR-135b and TNF in this study. Although this
proposed miRNA-mRNA relationship is not yet predicted
[34]
by the major miRNA public databases , TNF may have
an indirect immune regulation by miR-135b.
Regarding the role of miR-34a in CRC, studies
demonstrated that it acts as both an oncomiR that
[61,62]
is upregulated
and as a tumour suppressor that
[63-66]
displays reduced expression
. According to our
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Table 5 KRAS mutation and microsatellite instability status in adenoma and colorectal cancer groups
KRAS status/mutation type

CRA, n = 27 (%)

CRC, n = 43 (%)

P value

19 (70.4)
8
1 (3.7)
1 (3.7)
1 (3.7)
3 (11.1)
2 (7.4)

32 (74.5)
11
0
1 (2.3)
2 (4.6)
4 (9.3)
4 (9.3)

0.7854

25 + 2 (100)
0

34 + 2 (83.7)
7 (16.3)

0.0382a

WT
Mutation
p.Gly12Ala (G12A)
p.Gly12Ser (G12S)
p.Gly12Val (G12V)
p.Gly12Asp (G12D)
p.Gly13Asp (G13D)
MSI status
MSS + MSI-L
MSI-H

Fisher's exact test. aP value < 0.05 were considered statistically significant. WT: Wild; MSI: Microsatellite instability; MSS: Microsatellite stable; MSI-L:
Microsatellite instability low; MSI-H: Microsatellite instability high; CRA: Colorectal adenoma; CRC: Colorectal cancer.
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Figure 3 Relative quantification of microRNA genes in (A) adenoma and (B) colorectal tumour tissue samples compared to a pool of respective adjacent
normal tissue samples and (C) colorectal tumour tissue samples compared to adenoma samples. Statistically significant differences, according to the Wilcoxon
signed-rank test, were aP ≤ 0.001 and bP ≤ 0.01. Median with interquartile range graph. RQ: Relative quantification.

miRNA:mRNA interaction network analysis, miR-34a
can target TLR4 (Figure 4). This may explain the low
expression of TLR4 in CRC samples and overexpression
in CRA samples, in which miR-34a had basal expression.
Our data, together with that of previous studies, showed
an increased expression of TLR2 in CRC samples.
Therefore, in CRC, a significant mechanism for the
recognition of F. nucleatum may operate via TLR2, with
consequent activation of ILs IL1B, IL6 and IL8 via NF-κB.
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Moreover, TLR2 is a predicted target of miR-22, which
was downregulated in the CRC samples evaluated in our
study (Figure 5).
Evidence suggests that miR-22 and miR-28
function as tumour suppressors. miR-22 can target
key oncogenes for tumour invasion, metastasis and
[67,68]
angiogenesis in CRC
. A recent study showed
reduced expression of miR-28 in the tissues of CRC liver
[69]
metastases . However, the activity of this miRNA differs
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include these biological interactors as potential functional
biomarkers of F. nucleatum-mediated disease in addition
to overall measures of F. nucleatum levels.

miR-135b-5p

IL1B

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

TNF

Research background

IL6

Recently, Fusobacterium nucleatum (F. nucleatum), an anaerobic bacterial
component of the oral and gut commensal flora, has emerged as a risk factor
for colorectal cancer (CRC) development. Several studies have observed an
association between overabundance of F. nucleatum in colonic tumor tissue
compared to the normal matched mucosa. However, despite progress in this
field the molecular mechanisms of how the bacterium etiologically contributes
to carcinogenesis are still unclear.

IL8

NFKB1

TLR2

Research motivation

TLR4

We previously observed an association of the TLR2-196 to -174del genetic
variant with increased CRC risk, together with an increased expression of
TLR2 mRNA and protein in tumor tissues[31]. The major postulated mechanism
of F. nucleatum-mediated colorectal tumorigenesis involves immune related
inflammatory responses. Therefore, we decided to extend our previous work
by measuring the transcript levels of important mediators in the pathogenactivated immune and inflammatory response, including TLR2 / TLR4 receptor
and cytokine genes, and then evaluating the association of their expression
with F. nucleatum levels in colorectal tumors. As microRNAs have been shown
to be epigenetic regulators of inflammatory responses, we further examined the
involvement of miRNAs in modulating the bacterial - cytokine interaction.

miR-22-3p

miR-28-5p

miR-34a-5p

miR-21-3p

Response to molecule of bacterial origin
Inflammatory response
Regulation of chemokine production

Research objectives

Neutrophil activation

The main objective of this study was to investigate the association between
inflammatory genes and F. nucleatum in colorectal carcinogenesis, by
examining tissues from the major colorectal neoplasms of adenoma and
adenocarcinomas. A secondary objective was to examine the interaction of
the bacterial mediated immune response with microRNA (miRNA) regulation.
The elucidation of likely mechanisms whereby F. nucleatum may contribute to
inflammatory mediated colorectal carcinogenesis will help to better understand
the molecular pathways activated by this bacterium and where prevention and
treatment strategies can be best targeted.

Figure 4 Protein interaction network showing microRNAs and their
predicted gene targets. The protein interaction network (grey lines) shows
the interaction between proteins encoded by target genes that are predicted
to be regulated by microRNAs (miRNAs). Predicted interactions between
miRNAs and target genes are shown by black lines. The dashed black line
represents the possible interaction suggested in this study for miR-135b-5p and
TNF. Ellipses represent target genes and/or proteins; red triangles represent
upregulated miRNAs; green triangles represent downregulated miRNAs. TNF:
Tumour necrosis factor; IL: Interleukin; NFKB: Nuclear factor kappa B; TLR:
Toll-like receptor.

Research methods

Robust techniques were used for DNA quantification of F. nucleatum and RNA
transcript measures of the inflammatory genes and miRNAs in normal and
tumor tissues. For this purpose, we used TaqMan gene expression assays
(Applied Biosystems, Foster City, CA, United States) with specific probes for
each gene and miRNA for relative quantification. The reactions were analyzed
using the StepOnePlus real-time PCR System (Applied Biosystems, Foster
City, CA, United States). Mutation testing of the KRAS gene was performed by
direct sequencing and microsatellite instability (MSI) evaluation was performed
using a multiplex PCR. In addition, we also used a bioinformatic tool ‘miRNA
Data Integration Portal’ (http://ophid.utoronto.ca/mirDIP/)[34] to build an miRNA:
mRNA interaction network by using Cytoscape software (version 3.1.1)[36].

by 3p or 5p strand translation. miR-28-3p has been
implicated in increased tumour migration and invasion,
while miR-28-5p, analysed in our study, was reported
to play a role in reducing tumour proliferation, migration
[70]
and invasion in CRC .
Our results showed a greater level of F. nucleatum
in CRA and CRC tissues, which was more striking
for CRC samples, suggesting an expansion of F.
nucleatum colonization during the progression from
adenoma to adenocarcinoma. Our gene expression data
suggested that this phenomenon may lead to increased
inflammatory pressures during CRC development based
on the high expression of pro-inflammatory ILs IL1B,
IL6 and IL8 and the correlation with F. nucleatum levels.
Immune recognition of F. nucleatum may be mainly
mediated by TLR2 and/or TLR4 and dependent on
interactions with differently regulated miRNAs. Together,
these findings provide further potential mechanistic
rationale for the immune-comprised pro-inflammatory
role of F. nucleatum in colorectal carcinogenesis. Efforts
to develop early detection strategies for CRC could
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Research results

Ours results confirm the overabundance of F. nucleatum in adenoma and
tumor neoplasms compared to their respective matched normal tissues, as
previously found in several populations. We further suggest that this bacterial
load increases the expression of TLR2 and TLR4 receptors and consequently
of pro-inflammatory interleukins IL1B, IL6 and IL8. This immune-modulation
of the inflammatory response to F. nucleatum colonic invasion also affects the
expression of miRNA regulators of the inflammatory response. In particular,
these miRNA:mRNA interactions network indicate a mechanism of colorectal
carcinogenesis where altered expression of miR-34a, miR-135b, and miR-22,
previously associated with CRC, occurs via a TLR2/TLR4 dependent response
to F. nucleatum. In analyses stratified by tumor molecular characteristics,
we observed that KRAS was more frequently mutated in tumors with F.
nucleatum, and that an increased IL-8 expression was associated with MSI-

5361

December 21, 2018|Volume 24|Issue 47|

Proença MA et al . F. nucleatum in colorectal carcinogenesis
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miR-22
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Figure 5 Representation illustrating the interactions of Fusobacterium nucleatum in colorectal cancer. Fusobacterium nucleatum (F. nucleatum) presents the
virulence factors FadA and Fap2 and lipopolysaccharide (LPS), which are recognized by Toll-like receptors (TLR2 and TLR4) mediating F. nucleatum invasion and
the promotion of colorectal cancer (CRC). FadA, a surface adhesion protein, can bind to E-cadherin on CRC cells, activating B-catenin signalling. Fap2, a galactosesensitive haemagglutinin and adhesion protein binding to Gal-GalNAc, contributes to the invasive ability of F. nucleatum. The TLR2/TLR4/MYD88 pathway is activated
in response to F. nucleatum, leading to the activation of NF-κB, a transcription factor that is involved in regulating the expression of many genes, leading to elevated
expression levels of oncogenes and pro-inflammatory cytokines, mainly interleukin (IL)1B, IL6, IL8 and tumour necrosis factor, inducing the production of reactive
oxygen species, which subsequently lead to inflammation and DNA damage that promotes tumour growth and progression. Furthermore, these pathways may be
under the regulation of differentially expressed microRNAs. ROS: Reactive oxygen species; TNF: Tumour necrosis factor; IL: Interleukin; NF-κB: Nuclear factor kappa
B; TLR: Toll-like receptor; miRNA: MicroRNA.
high status. Therefore, more studies of gene function and regulation within the
inflammatory pathways impacted by F. nucleatum invasion are needed, along
with consideration of tumor molecular subtypes.

biomarker in faeces (or possibly mouth-rinse samples) for CRC and the
early detection of adenomas (which may help define a higher risk group for
CRC development due to the presences of the bacterium). However, further
investigations are needed to understand the molecular mechanisms in the
immuno-inflammatory response to the increased invasion of this bacterium
into developing neoplasms, and if this can promote genetic and epigenetic
alterations that may culminate in CRC development.

Research conclusions

Our findings reinforce the increasing invasion of F. nucleatum during the
colorectal adenoma to cancer development. This appears to increase
expression of pro-inflammatory mediators and dysregulation of miRNA
expression, leading to a more carcinogenic microenvironment alongside genetic
alterations such as KRAS mutation and MSI-high. Therefore, together with other
studies, our results suggest that F. nucleatum is involved in CRC development
through immune responses to inflammatory stresses. Further work is needed
to functionally demonstrate these postulated tumorigenic mechanisms, and
also for early CRC detection and diagnosis strategies using biomarkers of F.
nucleatum presence or the consequent immune response.
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Research perspectives

The intestinal microbiota is very diverse and important for the maintenance
of epitelial homeostasis. Disturbances of this microbiome balance appears
to be a major factor in CRC etiology. F. nucleatum has been implicated in
recent years, by in vitro and in mouse models, as a carcinogenic bacterium
through generation of a microenvironment conducive to cancer development.
Considering that F. nucleatum has been found to be highly abundant in both
adenoma and CRC neoplasms, it may have uses as a tissue or non-invasive
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Core tip: Up to now, application of prototype cyto
protective agent BPC 157 induced bypassing of
occlusion, in rats underwent vessels occlusions, through
rapid collaterals presentation, and lesions and whole
consequent syndrome (ischemic colitis; deep vein
thrombosis, Virchow triad) were attenuated. In rats
underwent superior anterior pancreaticoduodenal veinligation, medication was with BPC 157, L-NAME; L-arginine,
saline given alone and/or together at 1 min ligation time.
Unlike severe course in controls, BPC 157 rats commonly
exhibited strong attenuation of mucosal lesion and serosal
congestion, since BPC 157 rescued original duodenal flow
through inferior anterior pancreaticoduodenal vein to
superior mesenteric vein flow.

Abstract
AIM
To investigate whether duodenal lesions induced by
major venous occlusions can be attenuated by BPC 157
regardless nitric oxide (NO) system involvement.
METHODS
Male Wistar rats underwent superior anterior pancrea
ticoduodenal vein (SAPDV)-ligation and were treated
with a bath at the ligated SAPDV site (BPC 157 10 μg,
10 ng/kg per 1 mL bath/rat; L-NAME 5 mg/kg per 1
mL bath/rat; L-arginine 100 mg/kg per 1 mL bath/rat,
alone and/or together; or BPC 157 10 μg/kg instilled into
the rat stomach, at 1 min ligation-time). We recorded
the vessel presentation (filled/appearance or emptied/
disappearance) between the 5 arcade vessels arising
from the SAPDV on the ventral duodenum side, the
inferior anterior pancreaticoduodenal vein (IAPDV) and
superior mesenteric vein (SMV) as bypassing vascular
pathway to document the duodenal lesions presentation;
increased NO- and oxidative stress [malondialdehyde
(MDA)]-levels in duodenum.
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RESULTS
Unlike the severe course in the SAPDV-ligated
controls, after BPC 157 application, the rats exhibited
strong attenuation of the mucosal lesions and serosal
congestion, improved vessel presentation, increased
interconnections, increased branching by more than
60% from the initial value, the IAPDV and SMV were
not congested. Interestingly, after 5 min and 30 min
of L-NAME and L-arginine treatment alone, decreased
mucosal and serosal duodenal lesions were observed;
their effect was worsened at 24 h, and no effect on the
collateral vessels and branching was seen. Together,
L-NAME+L-arginine antagonized each other’s response,
and thus, there was an NO-related effect. With BPC
157, all SAPDV-ligated rats receiving L-NAME and/or
L-arginine appeared similar to the rats treated with
BPC 157 alone. Also, BPC 157 in SAPDV-ligated rats
normalized levels of NO and MDA, two oxidative stress
markers, in duodenal tissues.

INTRODUCTION
We focused on major venous occlusions and duodenal
lesions in the rat and treatment with the stable gastric
pentadecapeptide BPC 157, which is a prototype
cytoprotective agent used in ulcerative colitis and
multiple sclerosis trials (LD1 not achieved) and is known
[1-10]
to counteract duodenal lesions
. Rat duodenal lesion
research is mostly based on cysteamine and acetic acid
[11-14]
models
; investigations are sparse on the impact of
major venous obstruction and whether recruitment of
blood vessels to bypass obstruction may occur quickly,
and if so, whether it may be facilitated by a suitable
therapy. On the other hand, in rats that underwent
other vessel occlusions (i.e., left colic artery and vein,
[15,16]
infrarenal inferior caval vein
), after application of
stable gastric pentadecapeptide BPC 157, the bypassing
occurs through a rapid collateral presentation, and
the lesions and consequent syndrome were largely
attenuated. Rapidly reestablished arcade vessel
interconnections upon BPC 157 application mitigated
the harm in two ligations of the left colic artery and vein

CONCLUSION
BPC 157, rapidly bypassing occlusion, rescued the
original duodenal flow through IAPDV to SMV flow, an
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[15]

and consequently alleviated ischemic colitis as well .
In rats with infrarenal inferior caval vein occlusion,
the therapeutic effect occurs through the immediate
presentation of the left ovaric vein (LOV) and other
veins, bypassing the obstruction, and counteracting
[16]
all the symptoms of Virchow’s triad . The normalized
levels of two oxidative stress markers, nitric oxide (NO)
and malondialdehyde (MDA), in tissues as well as the
reduced L-NAME and L-arginine effects showed BPC 157
[15,16]
effectiveness over the NO-system background
.
[15,16]
These findings were related
to the cyto
protective agents, to the effects originally noted in the
stomach, which is the rapid endothelial protection.
[15,16]
Using BPC 157 as a prototype cytoprotective agent
,
these mechanisms can prevent and resolve adjacent
[17-21]
ischemic mucosal lesions
providing activation
[15,16]
of the collateral circulation
. This activation is
[15,16]
specific and can circumvent obstructions
. That
factor had not been considered in vascular studies
[22-25]
of ischemic colitis or deep vein thrombosis
. As a
result exerted within the immediate post-injury time
in vascular studies of ischemic colitis or deep vein
[15,16]
thrombosis
, it reestablishes the continuity of blood
[15,16]
flow, in particular
. Also, this effect was shown to be
[15,16]
a long-lasting effect
. It was also applicable in the
later period, even after additional colon or major vein
[15,16]
obstruction had occurred
.
This will also resolve mucosal lesions that would
appear with disturbed duodenal circulation, if the
[15,16]
cytoprotection/endothelium protection is essential
to quickly restore blood supply to the ischemic area, and
if the application of BPC 157 may offer a fundamental
treatment with the rapid and successful recruitment of
blood vessels during harmful events. In support, various
harmful conditions, all overwhelmed, such as vascular
obstruction, short-lasting blood deprivation, reperfusion,
long-lasting blood deprivation and additional bowel
obstruction, verify that BCP 157 can rapidly activate
[15,16]
collaterals as we suggested
.
We treated occluded superior anterior pancrea
ticoduodenal veins (SPDAVs) and duodenal lesions
(that would otherwise rapidly appear and sustainably
progress) with the stable gastric pentadecapeptide
BPC 157, L-NAME and L-arginine. Namely, interaction
between BPC 157 and NO-system goes in different
systems and species. This was also demonstrated using
both L-NAME and L-arginine as individual agents or in
[1-5]
combination
in cytoprotection studies. Furthermore,
venous obstruction may be more damaging to the
intestine than corresponding artery occlusions and
rapidly induces mucosal lesions (i.e., within 5 min in the
[26]
case of the superior mesenteric vein) . Thus, bypassing
one or more of the vascular obstructions and thereby
[15,16]
achieving a therapeutic effect
appears, if BPC 157
rapidly activates collaterals due to its particular direct and
rapid effect on vessel presentation. The main focus of the
intervention was parallel with the findings in the colon
[15,16]
and venous tissues
. Levels of oxidative stress MDA

WJG|https://www.wjgnet.com

and NO were also assessed in duodenal tissue, and the
results showed NO- and MDA- duodenal tissue levels and
relative to the ligation course or therapeutic effects.

MATERIALS AND METHODS
Animals

We used male Albino Wistar rats, 200 g b.w., randomly
assigned to groups with at least 7 rats per group. Local
ethics committee approved all of the experiments.
Rats had access to food and water ad libitum before
the procedure and until the end of the experiment.
The surgical procedure was performed as well as the
assessments were performed by a blinded observer.

Drugs

We used the pentadecapeptide Gly-Glu-Pro-Pro-ProGly-Lys-Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val, M.W. 1419,
named BPC 157 (Diagen, Ljubljana, Slovenia), freely
soluble in water at pH 7.0 and in saline, prepared
[1-10]
as previously described
. L-NAME (Sigma, United
States) and L-arginine (Sigma, United States) were
[1-10]
used as previously described
.

Experimental procedure and assessment

Surgery: The surgery was conducted in deeply
anesthetized rats. The SAPDV was occluded by ligation
(Premilene 7/0, Braun) of 5 arcade vessels at the
duodenal serosa within the SAPDV branches. The
30-mm blood-flow affecting a duodenum segment was
marked (Figure 1).
Medication: We used two regimens of BPC 157
application: 10 μg, 10 ng/kg per 1 mL bath/rat or 10
μg/kg instilled into the rat stomach, at 1 min ligationtime. To investigate the effect of NO-agents [L-NAME
(NO-system-blockade), L-arginine (NO-system
over-stimulation); L-NAME+L-arginine (NO-system
immobilization)] we used L-NAME 5 mg/kg per 1 mL
bath/rat; L-arginine 100 mg/kg per 1 mL bath/rat, alone
and/or together. Controls received a saline bath of equal
volume at 1 min of ligation time or an equal volume of
saline instilled into the stomach of the SAPDV-ligated
rats.
Assessment: Considering the point immediately
before therapy (as 100%) [see the assessment
shown in Figure 1 (SAPDV rats)], we scored the vessel
presentation {recorded filled/appearance or emptied/
disappearance [camera attached to a USB microscope
(Veho discovery VMS-004 deluxe)]} between the 5
arcade vessels arising from the SAPDV on the ventral
[15]
duodenum side (as described before ), the IAPDV,
SMV as bypassing vascular pathway. Scoring 0-3 was
as follows: 0, presentation similar to healthy rats;
1, mild congestion; 2, moderate congestion; and 3,
severe congestion, after 5 min; then, at 30 min, at 24
h. Likewise, upon the duodenum opening and after
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h ligation time, we determined the NO levels (μmol/mg
protein) in the duodenum tissue samples using the
Griess reaction (Griess Reagent System, Promega,
United States). Briefly, we added sulfanilamide to the
homogenized tissue; we incubated the mixture, and
added N-1-naphthylethylenediamine dihydrochloride.
We measured absorbance at 540 nm using a sodium
nitrite solution as a standard. We determined protein
concentrations using a commercial kit (BioRad Protein
DR Assay Reagent Kit, United States).

Duodenum
Superior mesenteric vein

Inferior mesenteric vein

Superior anterior
pancreaticoduodenal
vein

Statistical analysis

Inferior anterior
pancreaticoduodenal
vein

We used parametric one-way ANOVA with a post hoc
Newman-Keuls test, nonparametric Kruskal-Wallis
and subsequent Mann-Whitney U-test to compare
the groups. We considered P < 0.05 to be statistically
relevant.

Figure 1 Model illustration of major venous obstruction and duodenal
lesions in rat. The major venous obstruction and duodenal lesions in rat, and
therapy solution with the stable gastric pentadecapeptide BPC 157, model
illustration. Superior anterior pancreaticoduodenal vein (SAPDV) was occluded
by ligation (Premilene 7/0, Braun), 5 arcade vessels at duodenal serosa within
the SAPDV tributaries, the 30-mm blood-flow disturbed duodenum segment
was the marked area; inferior anterior pancreaticoduodenal vein and superior
mesenteric vein as bypassing loop.

RESULTS
The regular perilous course in rats with SAPDV
occlusion

Failure progressed in control SAPDV-ligated rats
(5-30 min - 24 h). Lesions were more than 30 mm in
diameter and included hemorrhagic mucosal lesions,
serosal congestion (Figures 2-4) with deteriorating
vessels, losing collaterals, and branching was present
in 30% or less of the initial value at the end of the
experiment (Figure 5). IAPDV and SMV were both
congested (Figures 2 and 6).
Microscopically (Figure 7), the lesions progressed
from mild villous edema with mild lymphocytic infiltrate
(5 min ligation time) toward denuded villous tops
with marked villous edema and submucosal capillary
congestion (30 min ligation time) to the substantial
subepithelial space with abundant lifting of epithelial
layer from lamina propira extending down sides of villi,
villous edema with capillary congestion, submucosal
congestion and lymphocytic infiltrate (24 h ligation
time) (Figure 7).

sacrifice, we assessed the congested hemorrhagic
[21,27-29]
areas as the sum of the largest lesion diameters
.
[1-10,15,30]
As described previously
, we processed the
representative tissue sections for further histological
analysis.

Oxidative stress

[15,16,31,32]

As described before
, at the end of the
experiment and at 5 min, 30 min and 24 h of ligation
time in SAPDV-ligated rats, we assessed the oxidative
stress in the collected tissue samples by quantifying
thiobarbituric acid-reactive species (TBARS) as MDA
equivalents (results expressed in nmol per mg of
protein). Briefly, we homogenized the tissue samples
[in PBS (pH 7.4) containing 0.1 mmol/L butylated
hydroxytoluene (BHT) (TissueRuptor, Qiagen, United
States)] and sonicated [for 30 s in an ice bath (Ultrasonic
bath, Branson, United States)], added trichloroacetic
acid (TCA, 10%) to the homogenate, centrifuged the
mixture (at 3000 rpm for 5 min), and collected the
supernatant. Then, we added 1% TBA, boiled the
samples (95 ℃, 60 min), and kept the tubes on ice for
10 min. Following centrifugation (14000 rpm, 10 min),
we determined the absorbance of the mixture at the
wavelength of 532 nm. We assessed the concentration
of MDA from a standard calibration curve plotted
using 1,1,3,3’-tetraethoxypropane (TEP). We express
the extent of lipid peroxidation as MDA using a molar
5
extinction coefficient for MDA of 1.56 × 10 mol/L
per cm and determined protein concentration using a
commercial kit.

NO determination in duodenum tissue

Oxidative stress and NO determination in duodenum
tissue

The negative chain of events was first characterized by
decreased NO levels and increased MDA levels in the
duodenum tissue, followed by excessive NO release and
increased MDA levels in the duodenum tissue (Figure 8).

The regular course in rats with SAPDV occlusion
counteracted with BPC 157 therapy

In contrast, after BPC 157 therapy (applied directly to
the duodenum as a bath, or instilled into the stomach),
only a few treated rats exhibited more than 10 mmdiameter mucosal lesions and serosal congestion
(Figures 2-4). Frequently, vessel presentation was
markedly improved with increased interconnections,
and branching increased more than 60% from the
initial value (Figure 5). IAPDV and SMV were both non-

[15,16,31,32]

In SAPDV-ligated rats, as described before
, at
the end of the experiment and at 5 min, 30 min and 24
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Figure 2 Duodenal lesions as a sum of the longest lesions diameters (left); Inferior anterior pancreaticoduodenal vein and superior mesenteric vein
congestion, scored 0-3 (right). The gross appearance of the tissue was recorded using a USB microscope camera. At 1 min post-injury, medication [BPC 157, 10
μg/kg (Bμg), 10 ng/kg (Bng), L-NAME, 5 mg/kg (N), L-arginine, 100 mg/kg (A) alone and /or together (NA, BN, BA, BNA) 1 mL bath/rat] or an equal volume of a saline
was applied to the duodenum of the superior anterior pancreaticoduodenal vein (SAPDV)-ligated rats (upper); alternatively, at 1 min post-injury, medication was Bμg
i.g., Bng i.g., 1 mL inistillation into the stomach or an equal volume of a saline instilled into the stomach of the SAPDV-ligated rats (CON i.g.) (lower). The rats were
sacrificed 5 min, 30 min or 24 h later. aP < 0.05 vs saline. Bng: BPC 157, 10 ng/kg; Bμg: BPC 157, 10 μg/kg; N: L-NAME, 5 mg/kg; A: L-arginine, 100 mg/kg; NA:
L-NAME+L-arginine; BN: BPC 157+L-NAME; BA: BPC 157+L-arginine; BNA: BPC 157+L-NAME+L-arginine; SAPDV: Superior anterior pancreaticoduodenal vein.

congested (Figures 2 and 6). Thereby, the treatment
rescued the original duodenal flow through IAPDV to
SMV flow, and the duodenal lesions largely diminished.
Microscopically, BPC 157 rats exhibited intestinal
preservation with only mild villous edema and mild
lymphocytic infiltrates. The elevation of the epithelium
from the lamina propria was found only on the apical
portion of the villi (after 24 h of ligation) (Figure 7).
Oxidative stress and NO determination in the
duodenum tissue with BPC 157 revealed an increase
in the duodenal NO values up to the normal values,
but normal MDA-values compared to the excessively
increased values seen in the controls (Figure 8).

mucosal and serosal duodenal lesions at 5 min and 30
min. Their effects were less at 24 h, but they did not
further influence the loss of the collateral vessels and
branching. Together, L-NAME+L-arginine antagonized
each other’s response at any treatment point, and thus,
NO-related effects were seen. When treated with BPC
157, all SAPDV-ligated rats receiving L-NAME and/or
L-arginine responded similarly to the rats treated with
BPC 157 alone (Figures 2, 5 and 6).
Thus, it seems that BPC 157 rescues SAPDV failure
and duodenum lesions, and its effect is related to the
NO system.

L-NAME and L-arginine, given alone or together; BPC
157 treatment

DISCUSSION
We attempted to alleviate major venous obstruction
and duodenal lesions in rats with stable gastric

L-NAME and L-arginine treatment alone decreased
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development, the occlusion of the SAPDV appears as
the key failure (before other vessel occlusions: i.e.,
left colic artery and vein ligation, and inferior caval
[15,16]
vein ligation)
that could never be spontaneously
alleviated, even though well-placed vessels or
additional therapy with NO agents [NOS-over-activation
(L-arginine) and/or NOS-blockade (L-NAME)]. On the
other hand, BPC 157 therapy resulted in promptly
alleviated vascular presentation and then alleviated a
perilous course of duodenal lesions in rats with SAPDV
occlusions. We documented again “running” toward
[15,16]
the bypassing vessel occlusion(s)
and that BPC
157 after SAPDV occlusion quickly restores the blood
supply to the ischemically injured area. BPC 157 rapidly
activates collaterals much like a fundamental treatment
that counteracted the injurious course (ischemic
[15]
colitis ; the syndrome resulting from inferior caval vein
[16]
infrarenal-ligation ) and this effect involves the NO
[15,16]
system and reduction of free radical formation
.
The SAPDV-ligated rats treated with BPC 157
exhibited a complete reduction of the SAPDV-occlusion
syndrome: improved vessel presentation, increased
interconnections, duodenal arcade branching increased
up to 60% from the initial value, and uncongested
IAPDV and SMV. Thereby, BCP 157 treatment rescued
the original duodenal flow through IAPDV to SMV flow
and largely mitigated the duodenal lesions (Figures
2-6). The results provide consistent evidence for the
beneficial effects of a rapid and sustained BPC 157 µg
and ng regimen.
In addition, we clarified the distinction between
BPC 157 and NO-agent activity. We assumed that a
prolonged occlusion would result in a more severe
lesion and that a persisting and powerful defensive
process would oppose these injuries and assure longlasting protection. Thus, BPC 157 therapy, along with
[15,16]
the findings mentioned before
, exhibited a special
“bypassing” effect (through arcade vessels and/or minor
[15,16]
and major vessels
) making vascular occlusion
harmless and reorganizing the blood flow to counteract
the duodenal lesions in rats with SAPDV-ligation.
[15,16]
Similar to occlusion of the other vessels
, this study
indicates the early positive outcome (“bypassing”
effect) of BPC 157 that may be crucial for its persisting
beneficial effect, even with continuous occlusions. The
effect of BPC 157 in rats with SAPDV-ligation and rats
with left colic artery and vein ligations may indicate
that the action of BPC 157 overlaps in the duodenum
[15,16]
and colon
. BPC 157 plays an important role in
with respect to the “bypassing” effect that maintains
[15,16]
duodenum and colon mucosal integrity
and
interacts with the NO system (L-NAME and L-arginine
exhibited parallel effects (lesion worsening), which
mitigated each other) in SAPDV, left colic artery and
[15,16]
vein circulation, and duodenal and colon lesions
.
Together, the “bypassing” effect combined with
duodenum (and colon) mucosal integrity as the revealed
[15,16]
phenomenon could be quite complex
as it was

Superior anterior pancreaticoduodenal vein
occlusion

A

T
Ligation time
1 min

Therapy
application

Immediately after
therapy application

TS

TB

B

TS

C
T

L
TB

B

Figure 3 Characteristic appearance of the duodenum in superior anterior
pancreaticoduodenal vein-ligated rats. A: The characteristic appearance
of the duodenum in superior anterior pancreaticoduodenal vein (SAPDV)ligated rats after ligation (before therapy), and then with therapy: during and
immediately after medication bath [saline (upper); BPC 157 (lower) application;
duodenum opening before sacrifice at 5 min ligation-time; USB microscope
camera]. Therapy with saline bath. Congested duodenal serosa and duodenal
arcades with few vessels branching before, during and after medication saline
bath. The congested haemorrhagic area was observed upon duodenal opening
after saline bath treatment in rats that underwent obstruction of the SAPDV
for 5 min. Therapy with BPC 157 bath. Immediately with BPC 157 medication
applied as a bath apparently not congested serosa and vessels with increased
branching replaced congested duodenal serosa and duodenal arcades with
few vessel branching. Area without apparent congestion and haemorrhage
was observed upon duodenal opening after BPC 157 bath treatment in rats
that underwent obstruction of the SAPDV for 5 min; B: High magnification of
presentation with ligation, and presentation of the moment immediately with
therapy application, as saline bath as medication, or BPC 157 bath medication.
L: Ligation; T: Therapy; TS: Therapy with saline bath; TB: Therapy with BPC 157
bath; C: Congested haemorrhagic area; B: Area without apparent congestion
and haemorrhage.

pentadecapeptide BPC 157 treatment and to investigate
[1-10]
its relation to the NO system
. In duodenal lesion
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C

C

B

B

Figure 4 Characteristic appearance of the duodenum in superior anterior pancreaticoduodenal vein-ligated rats at 30 min (left) or 24 h (right) ligationtime. After medication bath [saline (upper) (C); BPC 157 (lower) (B) application]; duodenum opening before sacrifice at 30 min (left) or 24 h (right) ligation-time;
USB microscope camera. Control: 30 min. Congested duodenal serosa and duodenal arcades with few vessel branching. Congested haemorrhagic upon duodenal
opening. 24 h. Severely congested duodenal serosa and duodenal arcades with few vessel branching. Severely congested haemorrhagic upon duodenal opening.
BPC 157 therapy: 30 min. Not congested serosa and vessels with increased branching. Area without apparent congestion and haemorrhage was observed upon
duodenal opening: 24 h. Not congested serosa and vessels with increased branching. Area without apparent congestion and haemorrhage was observed upon
duodenal opening. C: Control; B: BPC 157.

seen with respect to the L-NAME (NOS blockade) and
L-arginine (NOS over-activity) treatments, which given
alone and/or together (NO-system immobilized) never
exhibited the “bypassing” effect and did not provide any
[15,16]
mucosal protection
. However, when given together
with BPC 157 (L-NAME+BC 157; L-arginine+BPC 157;
L-NAME+L-arginine+BPC 157), with either SAPDVligation or left colic artery and vein ligation, the BPC 157
beneficial effect was observed, compensating either the
L-NAME and L-arginine effects, while mucosal protection
was seen at a higher level.
It is possible that the environment created by
vessel(s) occlusion is responsible for the “bypassing”
effect (SAPDV-duodenal arcade vessel interconnectionsIAPDV-SMV required for adequate compensation and
duodenal mucosal protection consistently obtained
by BPC 157 administration) and remains outside the
regular L-NAME or L-arginine influence on blood vessels
but inside BPC 157 influence on NO-agent effects.
L-NAME and L-arginine were given in doses necessary
[33]
to instantly induce hypertension or hypotension ,
while both effects were counteracted by BPC 157
[33]
administration . Providing a complex beneficial effect,
[33]
BPC 157 did not affect normal blood pressure ; in
addition to counteracting L-NAME induced hypertension
[33]
and L-arginine induced hypotension , when BPC 157
[34]
[16]
counteracted arterial
or venous hypertension
or
[16]
systemic hypotension , it also counteracted other
disturbances, which may be related to blood pressure
disturbances (i.e., potassium-overload induced
[34]
[16]
arrhythmias ; Virchow’s triad ; chronic heart failure
[35]
induced by doxorubicin in hypotensive rats and mice ;
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venous hypertension in systemically hypotensive rats
[16]
with inferior caval vein occlusion ). Therefore, in
SAPDV-ligated rats, venous occlusion alone causes
severe congestion and increased intravascular
[26]
pressure ; the vessels hampered with occlusions
would fail to respond to either NO agent. On the
other hand, this complete failure is not present in left
[15]
colic artery and vein ligated rats
(arterial occlusion
results only in reduced inflow perfusion with normal
[26]
outflow , arteriovenous occlusion balances inflow and
outflow alteration). Thus, the arteriovenous occlusion,
[26]
intravascular pressure and tone equilibrium (left colic
[15]
artery and vein ligated rats ) still permits NO-agents
activity, unlike the venous occlusion, severe congestion
[26]
and increased intravascular pressure
(SAPDV-ligated
rats). Syndrome in left colic artery and vein ligated
[15]
rats
[the decrease (L-NAME) or increase (L-arginine)
in vessels], but without the vessel interconnection and
bypassing effect, worsening the mucosal lesions (even
after the initial short-lasting protective effect) accords
with the more severe syndrome in SAPDV-ligated rats
(vessels unresponsive to NO-agents) (Figure 5).
The common failure to heal SAPDV or left colic artery
[15]
and vein occlusions , parallelism much like in other
[15,35,36]
models
, substantiates particular aspect of a NO
system dual (L-NAME vs L-arginine) role (vs combination)
[1-5]
(for review, see ). Parallel L-NAME/L-arginine activity,
which was noted as parallel outcomes, as a specific
[15,35,36]
point (much like before
, L-NAME and L-arginine
regularly attenuated or antagonized each other’s
responses, presenting values comparable to the control),
also appeared with two pharmacologically distinct

5372

December 21, 2018|Volume 24|Issue 47|

Amic F et al . BPC 157 and duodenal lesions in rats
Per cent of vessels in rats with SAPDV ligation, mean ± SD
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Figure 5 Percent of vessels present between 5 arcade vessels on the ventral side of the duodenum in different time points. Percent of vessels present
between 5 arcade vessels on the ventral side of the duodenum 1 min following ligation before therapy (as 100%) (A); mean ± SD. The gross appearance of the tissue
was recorded using a USB microscope camera. The following time points were assessed: A: After ligation and before therapy (1 min); B: 5 min after the application of
medication; C: 30 min after the application of medication; D: 24 h after the application of medication. At 1 min post-injury, medication [BPC 157, 10 μg/kg (BPC 157
μg), 10 ng/kg (BPC 157 ng), L-NAME, 5 mg/kg (L-NAME), L-arginine, 100 mg/kg (L-arginine) alone and/or together (L-NAME+L-arginine, BPC 157+L-NAME,BPC
157+L-arginine, BPC 157+L-NAME+L-arginine) 1 mL bath/rat] or an equal volume of a saline was applied to the duodenum of the SAPDV-ligated rats (upper);
alternatively, at 1 min post-injury, medication was BPC 157 μg, BPC 157 ng, 1 mL inistillation into the stomach or an equal volume of a saline (saline) instilled into the
stomach of the superior anterior pancreaticoduodenal vein-ligated rats (lower). The rats were sacrificed 5 min, 30 min or 24 h later. For clarity, the SD is not shown on
the graph; the SD was never higher than 10% of the mean. aP < 0.05 vs saline. BPC 157 μg: BPC 157, 10 μg/kg; BPC 157 ng: BPC 157, 10 ng/kg; L-NAME: L-NAME,
5 mg/kg; L-arginine: L-arginine, 100 mg/kg.

mechanisms with opposing effects on the same signaling
[1-5]
pathway (for review, see ). In SAPDV-ligated rats, this
parallelism is constant with also distinctive effects, lesion
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attenuation (early intervals) vs lesion worsening (late
interval), unless BPC 157 had been administered and
[15,35,36]
the beneficial effect always attenuated the lesion
.

5373

December 21, 2018|Volume 24|Issue 47|

Amic F et al . BPC 157 and duodenal lesions in rats

C

B

Figure 6 Characteristic appearance of inferior anterior pancreaticoduodenal and superior mesenteric vein presentation in superior anterior
pancreaticoduodenal vein-ligated rats at 24 h ligation time. Control, left (C). Congested inferior anterior pancreaticoduodenal and superior mesenteric vein
presentation along with duodenal serosa and arcade vessels. during and immediately after medication bath [saline (C); BPC 157, right (B)]. Presentation close to
normal, unlike congested inferior anterior pancreaticoduodenal and superior mesenteric vein presentation along with duodenal serosa and arcade vessels in controls. C:
Control; B: BPC 157.

Likewise, if the NO system immobilized (mutual actions
of the combined L-NAME and L-arginine), it still produces
the severe pathology in the L-NAME+L-arginine animals.
If this remained severe pathology is further attenuated,
it means that the other system(s) (likely cholinergic
and BPC 157) functioned along with. In this view, the
particular role of BPC 157 reestablished effectiveness
(L-NAME+L-arginine → L-NAME+L-arginine+BPC 157). It
means that BPC 157 is effective (L-NAME+L-arginine+BPC
157; L-arginine+BPC 157; L-NAME+ BPC 157) with all
of the NO-system presentations [inactivated (L-NAME
+ L-arginine); overstimulated (L-arginine); or blocked
[15,35,36]
(L-NAME)]
. Thus, the three distinct NO-endpoints
(NO-immobilization; -over-activity; -blockade) should be
overwhelmed to achieve vessel presentation seen in rats
[15,35,36]
that underwent BPC 157 treatment
. BPC 157 may
consolidate the NO system to produce more effective
healing (i.e., the stimulatory and inhibitory effects of
the NO system promoted the interconnection of arcade
vessels to bypass major obstructions) (a result not
[15]
observed with L-NAME or L-arginine treatment) .
This special BPC 157 role seems to be supported
by the NO and MDA values seen in the duodenal
tissues. The beneficial effects promptly counteract
the full negative syndrome. Otherwise, after SAPDVligation, sudden decrease of blood supply appears. NOlevels decrease in the duodenum tissue. Heavy loss of
endothelial cells occurs immediately from the vascular
[37]
[37]
wall . A lower eNOS production ability , oxidative
stress appears as a result of the lysis of endothelial
[38,39]
cells
; and excessive NO release generated by
the inducible isozyme damaging the vascular wall
and other tissues cells, especially in combination with
reactive oxygen intermediates, and failing endothelial
[32,40,41]
production
. The positive chain of events includes
a BPC 157 treatment restored endothelial integrity
[15,16,31,32]
and reversed most of the oxidative damage
[1-5]
while interacting with the NO system . The positive
endothelium syndrome (i.e., increased duodenal NOvalues, but normal MDA-values, indicative of adequate
[1-5]
eNOS system function
) appears with general
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significance, and thereby, restored endothelial integrity
and reversed most of the oxidative damage. With BPC
157, this recovery appears even during reperfusion
(occurring while vessel occlusion is still present) much
like during exaggerated reperfusion (occurring when
[15]
vessel occlusion is removed) .
There is evidence that BPC 157 also affects several
[16,42-47]
other molecular pathways
, and thereby, the rapid
recruitment of existing blood vessels following ongoing
harmful events instead otherwise poor response to
increased demands. Combined, these findings may
substantiate the effects of which were seen at the
later time point. In addition, this may accentuate the
original cytoprotection understanding (endothelium
[17-21]
maintenance → epithelium maintenance)
to the
complexity of reestablishing original flow by bypassing
[15,16]
occlusion
. And thereby, we documented recovery of
SAPDV-occlusion by AIPDV → SMV, or ICV-occlusion by
[16]
LOV and other veins , or even two obstructions, the
proximal and distal ligations in the left colic artery and
vein through arcades within the ligations in rats with
[15]
colitis . Furthermore, its subsequent strong angiogenic
[9,43-49]
effect and its healing effects
may be consequence of
the specific activation of the collateral circulation that can
circumvent obstructions and reestablish the continuity
[15,16]
of blood flow
. And thereby, its angiogenic effect and
[9,43-49]
its healing effects
may overcome those of standard
[48]
anti-ulcer agents . Also, these effects are likely to
be further extended. BPC 157 accelerates the blood
flow recovery and vessel number in rats with hindlimb
[43]
ischemia . BPC 157 upregulates VEGFR2 expression in
rats with hindlimb ischemia and endothelial cell cultures
and promotes VEGFR2 internalization in association with
[43]
VEGFR2-Akt-eNOS activation . As mentioned, shared
[17-21,50]
limitation of activity
, only prophylactic effectiveness
of standard cytoprotective agents, is avoided. With
[1-10]
both prophylactic and therapeutic abilities
, native
and stable in human gastric juice BPC 157 as a novel
[1-10]
mediator of Robert’s cytoprotection
maintains
[1-10]
gastrointestinal mucosal integrity
. In addition, the
comparative effectiveness of BPC 157 when instilled into
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Figure 7 Microscopical presentation of duodenal lesions. Microscopically (Hex10), in controls the lesions progressed from mild villous edema with mild
lymphocytic infiltrate (5 min ligation time) (A) toward denuded villous tops with marked villous edema and submucosal capillary congestion (30 min ligation time) (B)
to the substantial subepithelial space with abundant lifting of epithelial layer from lamina propria extending down sides of villi, villous edema with capillary congestion,
submucosal congestion and lymphocytic infiltrate (24 h ligation time) (C). BPC 157 rats (D, E, F) exhibited always intestinal preservation with only mild villous edema
and mild lymphocytic infiltrate. Elevation of epithelium from lamina propria was found only on the apical portion of villi (24 h ligation time, F).
bypassing of occlusions in rats that underwent vessel occlusions through the
rapid presentation of collaterals. In this study, we focused on the resolving of
the duodenal lesions induced by major venous occlusions. These lesions can
be counteracted by BPC 157 regardless of the involvement of the nitric oxide
(NO) system while recruitment of blood vessels to bypass obstruction may
occur quickly.

the stomach supports this contention of a prototype of a
more effective class of cytoprotective agents.
In conclusion, this study provides evidence for a
“bypassing” effect combined with mucosal integrity (i.e.,
duodenum and colon) or major vessel obstruction made
[15,16]
harmless
as observed after BPC 157 treatment,
which can be regarded as an implementation of the
original cytoprotection concept in vascular occlusion
therapy.

Research motivation

Research motivation was to resolve the major venous occlusions and duodenal
lesions in the rat with the use of the stable gastric pentadecapeptide BPC 157
and/or NO-agents, L-NAME (NOS-blocker) and L-arginine (NOS-substrate).
BPC 157 is a prototype cytoprotective agent used in ulcerative colitis and
multiple sclerosis trials (LD1 not achieved) and is known to counteract duodenal
lesions. Rat duodenal lesion research is mostly based on cysteamine and
acetic acid models. Investigations are sparse on the impact of major venous
obstruction and whether recruitment of blood vessels to bypass obstruction may
occur quickly, and if so, whether it may be facilitated by a suitable therapy.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The research background was our recent claim that treatment with the prototype
cytoprotective agent, stable gastric pentadecapeptide BPC 157, induced
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Figure 8 Nitric oxide levels and malondialdehyde levels in the duodenal tissue of superior anterior pancreaticoduodenal vein-ligated rats at 5 min, 30
min and 24 h ligation. BPC 157 [10 μg/kg, 1 mL bath/rat (Bb), 1 mL instilled into the stomach (Big)] or an equal volume of a saline bath (CONb) or instillation in the
stomach (CONig) (controls) was applied to superior anterior pancreaticoduodenal vein-ligated rats. aP < 0.05 vs saline; bP < 0.05 vs healthy duodenum. H: Healthy
duodenum; Bb: BPC 157 10 μg/kg, 1 mL bath/rat; Big: BPC 157 10 μg/kg, 1 mL instilled into the stomach; CONb: 1 mL saline bath; CONig: 1 mL saline instillation in
the stomach; NO: Nitric oxide; MDA: Malondialdehyde.

Research objectives

(L-arginine) and/or NOS-blockade (L-NAME)]. On the other hand, BPC 157
therapy resulted in promptly alleviated vascular presentation and then alleviated
a perilous course of duodenal lesions in rats with SAPDV occlusions. We
documented again “running” toward the bypassing vessel occlusion(s) and
that BPC 157 after SAPDV occlusion quickly restores the blood supply to the
ischemically injured area. BPC 157 rapidly activates collaterals much like a
fundamental treatment that and counteracted the injurious course (ischemic
colitis; the syndrome resulting from inferior caval vein infrarenal-ligation) and
this effect involves the NO system and reduction of free radical formation.

Research objectives were the occluded superior anterior pancreaticoduodenal
vein (SAPDV) and duodenal lesions (congestion) and the recovering effect
(rapidly activated collaterals bypassing vascular occlusion, absent lesions), the
therapy effect of stable gastric pentadecapeptide BPC 157 vs harmful effect
of NO-agents [L-NAME (NO-system-blockade), L-arginine (NO-system overstimulation); L-NAME+L-arginine (NO-system immobilization)]. We recorded
the vessel presentation (filled/appearance or emptied/disappearance) between
the 5 arcade vessels arising from the SAPDV on the ventral duodenum side,
the inferior anterior pancreaticoduodenal vein (IAPDV), superior mesenteric
vein (SMV) as bypassing vascular pathway to document the duodenal lesions
presentation. In duodenum, BPC 157 normalizes NO-levels and counteracts
increased oxidative stress [malondialdehyde (MDA)]-levels.

Research conclusions

The new phenomena that were found through experiments in this study of the
duodenal lesions with an obstructed major vein (SAPDV) offered is the early
positive outcome (“bypassing” effect) of BPC 157. The hypotheses that were
confirmed through experiments in this study are related to the cytoprotective
agents, to the effects originally noted in the stomach, which is the rapid
endothelial protection. Using BPC 157 as a prototype cytoprotective agent,
these mechanisms can prevent and resolve adjacent ischemic mucosal lesions
providing activation of the collateral circulation. This activation is specific
and can circumvent obstructions. That effect may be crucial for its persisting
beneficial effect, even with continuous occlusions. The effect of BPC 157 in
rats with SAPDV-ligation and previously, in rats with left colic artery and vein
ligations may indicate that the action of BPC 157 overlaps in the duodenum and
colon. BPC 157 plays an important role in with respect to the “bypassing” effect
that maintains duodenum and colon mucosal integrity and interacts with the NO
system [L-NAME and L-arginine exhibited parallel effects (lesion worsening),
which mitigated each other] in SAPDV, left colic artery and vein circulation,
and duodenal and colon lesions. Thus, these findings can be regarded as an
implementation of the original cytoprotection concept in vascular occlusion
therapy.

Research methods

For research methods, we used rats with the occluded SAPDV and duodenal
lesions (congestion) to reveal the recovering effect (rapidly activated collaterals
bypassing vascular occlusion, absent lesions), at 5 min, 30 min and 24 h
ligation time. Therapy effect of the stable gastric pentadecapeptide BPC 157
was achieved with two regimens (10 μg, 10 ng/kg per 1 mL bath/rat or 10
μg/kg instilled into the rat stomach), at 1 min ligation-time. Harmful effect of
NO-agents [L-NAME (NO-system-blockade), L-arginine (NO-system overstimulation); L-NAME+L-arginine (NO-system immobilization)] goes with
L-NAME 5 mg/kg per 1 mL bath/rat; L-arginine 100 mg/kg per 1 mL bath/rat,
alone and/or together. Considering the point immediately before therapy (as
100%), we scored the vessel presentation [recorded filled/appearance or
emptied/disappearance (camera attached to a USB microscope)] between the
5 arcade vessels arising from the SAPDV on the ventral duodenum side, the
IAPDV, SMV as bypassing vascular pathway. Upon the duodenum opening
and after sacrifice, we assessed the congested hemorrhagic areas as the
sum of the largest lesion diameters. In the collected duodenal tissue samples,
we assessed NO-levels (Griess reaction) and oxidative stress [by quantifying
thiobarbituric acid-reactive species (TBARS) as MDA equivalents].

Research perspectives

For research perspectives, we attempted to alleviate major venous obstruction
and duodenal lesions in rats with stable gastric pentadecapeptide BPC 157
treatment and to investigate its relation to the NO system. In duodenal lesion
development, the SAPDV occlusion appears as the key failure that could never
be spontaneously alleviated, even though well-placed vessels or additional
therapy with NO agents [NOS-overactivation (L-arginine) and/or NOS-blockade
(L-NAME)]. Finally, BPC 157 therapy results in “bypassing” effect combined
with mucosal integrity, or major vessel obstruction made harmless. These BPC
157 effects can be an implementation of the original cytoprotection concept in
vascular occlusion therapy.

Research results

For research results, we attempted to alleviate major venous obstruction
and duodenal lesions in rats with stable gastric pentadecapeptide BPC 157
treatment and to investigate its relation to the NO system. In duodenal lesion
development, the occlusion of the SAPDV appears as the key failure (before
other vessel occlusions: i.e., left colic artery and vein ligation, and inferior caval
vein ligation) that could never be spontaneously alleviated, even though wellplaced vessels or additional therapy with NO agents [NOS-over-activation
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Abstract
AIM
To develop a screening test for celiac disease based on
the coating of gold nanoparticles with a peptide sequence
derived from gliadin, the protein that triggers celiac dis
ease.

Institutional review board statement: This study was
reviewed and approved by the University of Technology Sydney
Research Ethics committee (UTS HREC ETH16 - 0841). The
clinical samples were collected with informed consent and
approval of Melbourne Health and WEHI Human Research Ethic
Committees (2003.009 and 03/04) respectively.

METHODS
20 nm gold nanoparticles were first coated with Neutr
Avidin. A long chain Polyethylene glycol (PEG) linker con
taining Maleimide at the Ω-end and Biotin group at the
α-end was used to ensure peptide coating to the gold
nanoparticles. The maleimide group with the thiol (-SH)
side chain reacted with the cysteine amino acid in the
peptide sequence and the biotinylated and PEGylated
peptide was added to the NeutrAvidin coated gold nano
particles. The peptide coated gold nanoparticles were
then converted into a serological assay. We used the
peptide functionalised gold nanoparticle-based assay on
thirty patient serum samples in a blinded assessment and
compared our results with the previously run serological
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and pathological tests on these patients.

element. PFNs have previously been used for effective
drug delivery for treating brain tumors and for pancreatic
cancer treatment as well as for kinase inhibitor screen
[9,10,11-12]
ing
. Here we demonstrate the potential of PFNs
as a colorimetric sensor for screening celiac disease.
Celiac disease (CD) is a small intestine enteropathy
affecting genetically susceptible individuals, following
the consumption of wheat prolamins (gliadin) and other
[13]
prolamins of cereals . Population based studies have
predicted a high prevalence rate for the disease, with a
[14]
large number of CD sufferers remaining undiagnosed .
The current diagnosis of CD is based on mucosal biopsy
[15]
that remains the gold standard . Serological testing
for gliadin-induced antibodies using an enzyme-linked
[16,17]
immunosorbent assay is being widely applied
and is
usually the first line in clinical diagnosis for CD.
Gliadin antigenicity arises due to the higher content
and repetitive arrangement of amino acids glutamine
[18]
(~36 %) and proline (~17%-23%) . This acts as
the substrate for the enzyme tissue transglutaminase
(tTG: EC 2.3.2.13), resulting in deamidation and
[19]
formation of an irreversible isopeptidyl bond . Human
Leukocyte Antigen-DQ molecules (HLA-DQ2/8) present
the deamidated gliadin peptides (DGP) to mucosal
+
[20]
CD4 T cells leading to an immunostimulatory effect .
Gluten reactive helper T cells support the activated
+
CD4 T cells in the intestinal mucosa leading to the
release of autoantibodies that act as the serological
[21,22]
biomarkers
.
Non-treated CD patients have been shown to have
increased concentration of anti-gliadin (AGA), tTG anti
[23,24]
bodies as well as Anti-DGP antibodies
. A deamidated
peptide sequence derived from α-gliadin amino acids
57-73 has also been identified as an immunogenic pep
[25]
tide sequence that can act as a trigger for CD .
In this paper, we present a screening test for CD
using gold nanoparticles (AuNPs) coated with a peptide
sequence derived from the gliadin protein. We first estab
lished a stable suspension (without any significant level
of aggregation) of peptide coated AuNPs, which enables
us to translate it to a serological assay. We next assessed
the sensitivity and specificity levels of the test using
serum samples spiked with AGA. Furthermore, we tested
our assay on thirty patient serum samples and found
that the PFN-based assay could distinguish CD from nonCD patients.
This study highlights the potential of using immuno
dominant and biomarker specific peptide sequences
that can be used for developing an efficient, easy to use
screening test for pre-selecting CD cases, which can be
then confirmed by mucosal biopsy for CD.

RESULTS
A stable colloidal suspension of peptide coated gold
nanoparticles was obtained without any aggregation.
An absorbance peak shift as well as color change was
caused by the aggregation of gold nanoparticles following
the addition of anti-gliadin antibody to peptide coated
nanoparticles at levels associated with celiac disease. The
developed assay has been shown to detect anti-gliadin
antibody not only in quantitatively spiked samples but also
in a small-scale study on real non-hemolytic celiac disease
patient’s samples.
CONCLUSION
The study demonstrates the potential of gold nanoparticlepeptide based approach to be adapted for developing a
screening assay for celiac disease diagnosis. The assay
could be a part of an exclusion based diagnostic strategy
and prove particularly useful for testing high celiac disease
risk populations.
Key words: Celiac disease; Serological point-of-care; Gold
nanoparticles; Diagnostic test; Autoantibodies
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we demonstrated that a
peptide sequence derived from gliadin, a hydrophobic
whole protein that induces celiac disease, in conjunction
with gold nanoparticles can be used to detect a biomarker
for celiac disease from serum. We confirmed our gold
nanoparticle based serological assay can detect antigliadin antibody not only in quantitatively spiked samples
but also in a small-scale study on real non-hemolytic
celiac disease patient’s samples.
Kaur A, Shimoni O, Wallach M. novel screening test for celiac
disease using peptide functionalised gold nanoparticles. World J
Gastroenterol 2018; 24(47): 5379-5390
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5379.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5379

INTRODUCTION
Sensing platforms based on the optical properties of
gold nanoparticles (AuNPs) for the molecular detection
and recognition of disease biomarkers is an important re
search challenge. Colorimetric sensors based on AuNPs
have been applied for detecting targets, such as metal
[1-4]
[5,6]
[7]
ions , DNA , protein conformations and enzyme
[8]
activity , where they have demonstrated high sensitivity
and effectiveness.
In recent years, newer designs of nanoparticles with
enhanced and controlled surface chemistry are being
explored for sensing applications. Peptide-functionalized
nanoparticles (PFNs) are one such emerging sensing
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MATERIALS AND METHODS
Reagents: 20 nm citrate stabilized gold nanoparticles
(AuNPs), bovine serum albumin (BSA), AGA from
rabbit, IgG antibody from whole normal rabbit serum,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), phosphate-buffered saline (PBS) were ob
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tained from Sigma-Aldrich (Australia). Poly (ethylene
glycol) [N-(2-maleimidoethyl) carbamoyl] methyl ether
2-(biotinylamino) ethane (i.e., Biotin-PEG11-Maleimide)
and NeutrAvidin were obtained from Thermo Fisher Scien
tific (Australia).

Transmission electron microscopy: High-resolution
transmission electron microscopy (TEM) micrographs
were obtained using a FEI Tecnai TEM 200V fitted with
a Gatan (Pleasantville, CA, United States) CCD camera.
Samples were prepared by placing 2 μL of AuNP coated
with peptide onto a carbon-coated TEM grid (Agar
Scientific, United Kingdom) and the film allowed to air
dry for 15 min.

Peptide: The Peptide (QLQPFPQPQLPYPQPQC) was
synthesised from ChinaPeptides Co., Ltd. (China). The
synthetic crude peptides were purified by reversedphase liquid chromatography to give satisfactory peptide
sequence (~90% homogeneity by analytical HPLC) with
the correct amino acid sequences and mass spectra. The
peptide contained residues 57-72 of α-gliadin and was
designated as follows: Peptide: QLQPFPQPQLPYPQPQC.
The peptide (QLQPFPQPQLPYPQPQC) was coated on
the surface of the AuNPs in two stages: First, coating
with NeutrAvidin followed by a second step of binding of
the peptide through a biotin-PEG11-Maleimide linker mole
cule.

UV-vis measurements: UV-vis measurements were
carried out using a Cary series UV-vis spectrophotometer
(Agilent Technologies) using a standard 1 cm path-length
quartz cuvette. Spectra were obtained from 200 nm to
800 nm. MilliQ water was used as the blank.
Anti-gliadin assay: The immunoassay used to assess
the activity of AuNPs coated with peptide with the
antibodies is outlined below. Assay steps were performed
at room temperature. Briefly, 150 μL of AuNPs coated
with peptide were added to 1.5 mL low protein binding
Eppendorf® tubes. AGA (1 mg/mL) from rabbit was added
to each of the tubes corresponding to concentrations
ranging from 2 μg/mL to 20 μg/mL (i.e., 1 μL to 10 μL) to
determine the specificity of the reaction between peptide
coated AuNPs and AGA. IgG from normal rabbit serum
(1 mg/mL) was used as a control antibody and added to
150 μL of AuNPs coated with peptide in concentrations
ranging from 2 μg/mL to 20 μg/mL (i.e., 1 μL to 10 μL).
MilliQ water was added to the tubes to bring the final
volume in each Eppendorf tube up to 225 μL. The UV-vis
absorption spectra of solutions containing peptide coated
gold nanoparticles and AGA at increasing dilutions (2 μg/
mL, 4 μg/mL, 6 μg/mL, 8 μg/mL, 10 μg/mL, 12 μg/mL,
14 μg/mL, 16 μg/mL, 18 μg/mL and 20 μg/mL) were
studied using a Cary Series UV-vis spectrophotometer.
Readings were taken in triplicate and the student’s t-test
was used to determine the P value.

Preparation of the AuNPs coated with NeutrAvidin:
300 μL of 20 nm AuNP were added dropwise to 200 μL
of NeutrAvidin dissolved in 10mM HEPES (1 mg/mL)
while vortexing. The tube was incubated for 60 min at
room temperature with repeated vortexing. The solution
was centrifuged for 30 min at 4500 × g, supernatant
discarded, and the pellet was re-suspended in 200 μL
MilliQ water. The process was repeated twice after which
the pellet was re-suspended in 200 μL HEPES buffer
followed by centrifugation at 4500 × g for 30 min using
an Eppendorf® Microcentrifuge. The NeutrAvidin coated
AuNPs were stored at 4 ℃.
Binding of peptide to linker molecule: 300 μL of 0.5
mg/mL peptide (QLQPFPQPQLPYPQPQC) dissolved in
MilliQ water was added dropwise to 700 μL of 0.5 mg/mL
Poly (ethylene glycol) [N-(2-maleimidoethyl) carbamoyl]
methyl ether 2-(biotinylamino) ethane (i.e., Biotin-PEGMaleimide) dissolved in MilliQ water, (Mn 5400, MW 921
Da) having maleimide at the Ω-end and biotin at the α-end.
This solution was left overnight at room temperature.
Preparation of the AuNPs coated with peptide
using linker: The NeutrAvidin coated AuNPs were cen
trifuged at 4500 × g for 30 min using an Eppendorf®
microcentrifuge, supernatant discarded, the pellet was
re-suspended in 100 μL of the peptide-linker solution.
The tube was incubated for 60 min at room temperature
with repeated vortexing. The solution was centrifuged for
5 min at 4500 × g, supernatant was discarded, and the
pellet was re-suspended in 100 μL of MilliQ water. The
peptide coated AuNPs were stored at 4 ℃ for up to 4 wk.

Anti-gliadin assay in spiked human serum: Nor
mal human serum was diluted to 1:20 using 10 mmol/L
HEPES buffer. 75 μL of serum from the dilution was
spiked with AGA at various dilutions comparable to that
seen in celiac patients.
To prevent non-specific binding, 1 μL of 20% BSA
dissolved in MilliQ water and was added to 150 μL of
20 nm AuNPs coated with peptide. The tubes were
incubated for 30 min room temperature. 75 μL of normal
serum spiked with AGA at increasing dilutions of 2
μg/mL, 4 μg/mL, 6 μg/mL, 8 μg/mL and 10 μg/mL, 12
μg/mL, 14 μg/mL, 16 μg/mL, 18 μg/mL and 20 μg/mL
was then added to AuNPs coated with peptide. The tubes
were then incubated for 30 min room temperature.

Dynamic light scattering (DLS): The nanoparticle
hydrodynamic radius was measured using Zetasizer
Nano (Malvern Technologies, Inc.). Measurements were
carried out at 25 ℃ in disposable cuvettes using a sample
volume of 500 μL. Each sample was measured in dupli
cates and the mean value was calculated.

Anti-gliadin assay in clinical human serum: Anony
mised patient samples were provided by Dr Jason TyeDin from the Walter and Eliza Hall Institute of Medical
Research (WEHI Institute, Melbourne Parkville, Australia).
They were collected with informed consent and approval
of Melbourne Health and WEHI Human Research Ethic
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Table 1 Comparison of the patient samples analysis using the AuNP-peptide-anti-gliadin test with previously existing histology and
1
serological results
Volunteer

Histology

tTG-IgA

n.1
n.21
n.3
n.4
n.5
n.6
n.72
n.8
n.9
n.10
n.11
n.12
n.13
n.14
n.152
n.16
n.17
n.18
n.19
n.201
n.21
n.22
n.23

CD
Non-CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
Non-CD
CD
CD
CD
CD
CD
CD
Non-CD
Non-CD
CD
CD

1 (< 4)
0.1 (0-6)
> 100 (< 4)
121 (< 20)
> 100 (< 4)
217 (< 5)
13 (0-6)
> 100 (< 5)
11 (0-6)
9 (< 4)
18.2 (0 < 20)
16 (0-20)
4 (0-20)
47 (< 5)
74 (0-20)
145 (0-20)
57 (< 4)
149 (<20)
> 100 (< 4)
3.8 (< 6)
< 5 (< 5)
180 (0-6)
20 (0-6)

DGP-IgG
3 (< 20)
0.2 (0-6)
33 (< 20)
> 100 (< 20)
> 150 (< 20)
23 (0-6)
> 100 (< 20)
1.4 (0-6)
97 (< 20)
3 (0.20)
7 (< 20)
86 (< 5)

93 (< 20)
63 (< 20)
> 100 (< 20)
37 (< 6)
< 20 (< 20)
21 (0-6)
8.1 (0-6)

AuNP-peptide-AGA test
CD positive
CD positive
CD positive
CD positive
CD positive
CD positive
CD negative
CD positive
CD positive
CD positive
CD positive
CD positive
Non-CD
CD positive
CD negative
CD positive
CD positive
CD positive
CD positive
CD positive
Non-CD
CD positive
CD positive

1

False positive based on histology and tTG antibody titre, 2False negative based on histology and tTG antibody titre. Serology tTG (Tissue transglutaminase),
deamidated gliadin peptides (deaminated gliadin peptides) results are indicated as IgA or IgG levels followed by normal reference ranges in brackets.

Table 2 Analysis of 7 samples with potential or latent celiac disease using the Peptide-AuNP-anti-gliadin test as compared with
1
previously existing serology
Volunteer
n.24
n.25
n.26
n.27
n.28
n.29
n.30

Histology

tTG-IgA

DGP-IgG

Peptide-AuNP-AGA

Mucosal lesions
Mucosal lesions
Mucosal lesions
Increased γδ+ IELs
Increased γδ+ IELs
Increased γδ+ IELs
Increased γδ+ IELs

5 (< 20)
28 (0-6)
4.8 (0-6)
< 5 (< 5)
12 (0-6)
11 (0-6)
< 5 (< 5)

17 (< 20)
22 (0-6)
22 (0-6)
22 (< 20)
18 (0-6)
13 (0-6)
< 20 (< 20)

CD positive
CD positive
CD positive
CD positive
CD positive
CD positive
CD positive

1

Serology tTG (tissue transglutaminase), deamidated gliadin peptides (deaminated gliadin peptides) results are indicated as IgA or IgG levels followed by
normal reference ranges in brackets. Cases are separated into those showing histological observations of irregular/patchy mucosal lesions or those with
mucosal inflammation resulting from an increase in γδ+ IELs.

Committees (2003.009 and 03/04) respectively. Ethical
approval was also obtained from the University of
Technology Sydney Research Ethics committee (UTS
HREC ETH16 - 0841) before testing the clinical samples.
The clinical samples consisted of 30 human serum sam
ples that were analyzed in a blinded assessment. No
prior knowledge of the CD status or any other clinical
condition for any of the patient samples was known while
testing. Samples were collected from patients with active
CD (pre-treatment), treated CD (on a gluten free diet)
and controls without CD (Tables 1 and 2). All cases of
CD were medically diagnosed and based on typical small
intestinal histology usually in conjunction with positive CD
serology. The histological interpretation and the serology
levels for each of the clinical sample tested using biopsy
and the existing commercially available serology tests is
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presented in Tables 1 and 2.
Prior to testing, each human serum sample was
diluted to 1:10, 1:20 and 1:50 using 10 mmol/L HEPES
buffer. 1 μL of 20% BSA dissolved in MilliQ water was
added to AuNPs coated with peptide to prevent nonspecific binding. 75 μL of serum from each of the dilu
tions and the tubes were incubated for 15 min at room
temperature before the absorbance was measured using
a UV-vis spectrophotometer.
Concentration of immunoglobulins in clinical hu
man serum: 200 μL of each human serum sample was
centrifuged at 3200 × g or 15 min. The supernatant was
removed, and the serum samples were diluted with 200
μL of 10 mmol/L PBS. An equal volume of saturated
ammonium sulphate solution was added slowly to achi
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Figure 1 Schematic representation of preparation of peptide coated AuNPs. A: Maleimide groups of the linker reacted specifically with free (reduced) sulfhydryl’s in
the peptide sequence to form stable thio-ether bonds; B: NeutrAvidin was coated on the surface of the AuNPs to obtain NeutrAvidin-AuNP particles; C: The biotin end
of the linker interacted with the NeutrAvidin-AuNPs resulting in the formation of peptide coated AuNPs.

eve a 33% saturated (v/v) final concentration with con
tinuous stirring of the tubes. Samples were kept at 4 ℃
for 30 min and then centrifuged again at 2500 × g for 15
min. The supernatant was removed, and the pellet was
re-suspended by adding 200 μL of 10 mmol/L PBS. The
concentrated serum solution was stored at 20 ℃ till fur
ther use.
™
™
Zeba Spin desalting columns (Thermo Scientific )
were used for the de salting of the immunoglobulins from
the concentrated serum solution according to the manu
facturer’s instructions. The final concentration of the total
immunoglobulins was measured using the NanoDrop and
stored at -20 ℃ until further use.

The assay sensitivity in spiked serum was calculated
as colorimetric response = Imax at 580nm/Iat 527 nm, i.e., absor
bance value obtained at 580 nm. This is the wavelength
where a shift in absorbance is observed following the
interaction of the antibody to the AuNP coated with
peptide in serum divided by the maximum absorbance
value of AuNP coated with peptide in serum.

RESULTS
To ensure the peptide coating on AuNPs, we used a
long chain PEG linker containing Maleimide at the Ω-end
and Biotin group at the α-end. Following the reaction
of maleimide group with the thiol (-SH) side chain of
the cysteine amino acid in the peptide sequence, the
biotinylated and PEGylated peptide was added to the
NeutrAvidin coated AuNPs.
The coating of the peptide sequence to the colloidal
AuNP using the Biotin-(PEG)11-Maleimide linker is repre
sented in the schematic (Figure 1).
The coating of peptide onto the AuNPs was cha
racterized using the UV-vis spectrophotometer. It was
observed that upon coating of peptide onto the AuNPs,
there was a shift in absorbance maximum from 525
nm to 527 nm (red-shift) (Figure 2A). The DLS showed
an increase in hydrodynamic diameter from 20 nm to
28 nm following coating with peptide (Figure 2B). The

Colorimetric response curve: A colorimetric response
curve was plotted to represent the sensitivity values
obtained for the different dilution values for both the
AGA and the control antibody (IgG from rabbit serum).
The assay sensitivity was determined based on the
colorimetric response values calculated as colorimetric
response = Imax at 527 nm/ Iat 550 nm, i.e., spectral absorbance
value obtained at 527 nm - the wavelength where AuNP
coated with peptide show maximum absorbance by itself
(no antibodies are added) - divided by the absorbance
at 550 nm, where a shift in absorbance is observed
following the interaction of the antibody to the AuNP
coated with peptide.
WJG|https://www.wjgnet.com
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Figure 2 Characterization of peptide coated AuNPs. A: Characterization of AuNP coated with peptide using a UV-Vis spectrophotometer indicating a spectral
red shift in wavelength from 525 nm (for 20 nm AuNP only) to 527 nm (for 20 nm AuNP coated with peptide); B: Characterization of AuNP coated with peptide using
DLS that showed an increase in the hydrodynamic size of the uncoated vs coated particles from 20 nm to 28 nm respectively; C: High resolution TEM images of (1)
uncoated AuNPs, (2) AuNPs coated with peptide showing a “halo” layer surrounding the surface of the nanoparticles indicating coating of the gold with the peptide had
occurred. In contrast, the “halo” effect was not observed on the surface of the un-coated AuNPs; D: High resolution TEM images following the incubation with AGA
(12 μg/mL) (1, 2, 3) AuNPs coated with peptide showing aggregation confirming coating of peptide on AuNP (4, 5, 6) Uncoated AuNPs remained dispersed. DLS:
Dynamic light scattering; TEM: Transmission electron microscopy.

hydrodynamic diameter of NeutrAvidin coated AuNPs is
presented in Supplementary Figure 1.
To directly observe the coating of peptide onto the
surface of the AuNPs, high-resolution TEM imaging was
used. Our results showed the presence of a thin layer of
material (< 1 nm) surrounding the nanoparticles [Figure
2C (Ⅱ)], which was not observed on the surface of the
uncoated nanoparticles [Figure 2C (Ⅰ)] that indicated
peptide coating. As the layer was very thin, peptide

WJG|https://www.wjgnet.com

coated and uncoated AuNPs were incubated with AGA (12
μg/mL), wherein the peptide coated AuNPs aggregated
[Figure 2D (Ⅰ, Ⅱ, Ⅲ)] while uncoated AuNPs remained
dispersed [Figure 2D (Ⅳ, Ⅴ, Ⅵ)].

Incubation of peptide-coated AuNPs with AGA

Peptide coated AuNPs were incubated with serial dilutions
of rabbit anti-gliadin IgG polyclonal antibody, after 45 min
incubation we observed a significant reduction in color
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Figure 3 Testing peptide-coated AuNPs with anti-gliadin. A: Reduction in color from red to translucent and absorbance was observed in AuNP coated with peptide
(S) and incubated with AGA at various dilutions (S1) 2 μg/mL, (S2) 4 μg/mL, (S3) 6 μg/mL, (S4) 8 μg/mL, (S5) 10 μg/mL), (S6) 12 μg/mL, (S7) 14 μg/mL, (S8) 16
μg/mL, (S9) 18 µg/mL and (S10) 20 μg/mL. No significant reduction in color or shift in peak wavelength was observed in peptide coated AuNP incubated with control
rabbit IgG at dilutions (C1) 2 μg/mL, (C2) 4 μg/mL, (C3) 6 μg/mL, (C4) 8 μg/mL, (C5) 10 μg/mL), (C6) 12 μg/mL, (C7) 14 μg/mL, (C8) 16 μg/mL, (C9) 18 μg/mL
and (C10) 20 μg/mL; B: Representation of specificity based on UV-Vis absorbance spectra for the antibody interactions at equal concentrations of AGA and control
antibody; C: Colorimetric response curve plotted on AuNP coated with peptide following the addition of AGA at different dilutions. AGA: Anti-gliadin.

Testing anti-gliadin in spiked serum

as well as a shift in absorbance from 527 nm to 580 nm
(Figure 3A and B, Supplementary Figure 2).
To confirm the specificity of the interactions, we tested
normal IgG antibody with the peptide coated AuNPs as
a control, where we observed no significant reduction in
color or shift in the wavelength or aggregation of AuNPs.
(Figure 3A and B, Supplementary Figure 3). At all the
tested concentrations, the absorbance was significantly
lower using AGA as compared to normal IgG (P < 0.005,
Figure 3B, Supplementary Table 1).
To confirm the sensitivity of the AGA toward peptide
coated AuNPs, we calculated a colorimetric response
between our assay (Figure 3C). The colorimetric re
sponse reaches a maximum value at a concentration
of 8 μg/mL of AGA meaning the highest sensitivity oc
curred at this concentration. This interaction of the pep
tide coated AuNPs with AGA resembles the precipitin
reaction of antibody-antigen immune complexes. The
near constant colorimetric response curve obtained for
the control antibody as compared to the response curve
obtained for AGA demonstrates the distinct sensitivity of
the assay.

WJG|https://www.wjgnet.com

A variety of proteins, peptides as well as nucleic acids are
constituents of human serum, making it a complex fluid.
To reduce background binding, we used 1 μL of 20% BSA
as a blocking agent, to lower the non-specific interaction
with the peptide coated AuNPs. Spiked human serum
containing 2-20 μg/mL AGA was incubated with the pep
tide coated AuNPs. The results showed an increase in ag
gregation and precipitation, which was easily detectable
by eye, with a specificity up to a value of 2 μg/mL of AGA
(Figure 4A). We also observed a reduction in the color
of the solution from red to translucent. This change was
supported by the increase in the colorimetric response
reaching a maximum sensitivity at 8 μg/mL of AGA.
The curve then begins to drop off at 10 μg/mL of AGA,
however, it remains well above the control IgG level
(Figure 4B). In comparison, when normal rabbit IgG was
added to the human serum, no precipitate formation
or change in color was observed. Normal serum itself
did not show any precipitate formation or change in
absorbance with a constant response curve at all IgG con
centrations.
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Figure 4 Detection of anti-gliadin in spiked human serum using peptide-coated AuNPs. A: Reduction in color from red to translucent as well as precipitate
formation was observed in AuNP coated with peptide in the presence of AGA and serum at different concentrations (S1-S10). No reduction in color from red to
translucent or precipitate formation was observed in AuNP coated with peptide in the presence of control IgG and serum (C1-C10); B: Colorimetric response curve
plotted in AuNP coated with peptide in 1:20 diluted serum following the addition of AGA at different dilutions. AGA: Anti-gliadin.

Testing clinical samples

L) within gliadin was previously identified as the domi
nant epitope for IgA and IgG antibodies against dea
[26]
midated gliadin peptides (a-DGP) . This sequence
overlaps with residues 57-62 of native α-gliadin and
has been shown to occur with high specificity in sera
[27,28]
from CD individuals
. The 17-mer peptide sequence
(QLQPFPQPQLPYPQPQC) used as the antigen in our
study is a small, 2 kDa molecular weight hexapeptide con
taining sequence.
In order to use peptide to coat AuNPs and to develop
an assay for AGA, we needed to overcome the potential
problem of aggregation of the coated nanoparticles
prior to adding the AGA in the test. This was achieved
by using a long chain PEG linker containing Maleimide
at the Ω-end and Biotin group at the α-end. Following
the reaction of maleimide group with the thiol (-SH) side
chain of the cysteine amino acid in the peptide sequence,
the biotinylated and PEGylated peptide was added to the
NeutrAvidin coated AuNPs leading to the formation of
peptide coated AuNPs. The coating of peptide onto the
AuNPs surface was examined by UV-vis measurements
that was based on the observation of a change in the
[29]
absorbance peak for the nanoparticle or a red-shift .
The UV-vis absorbance spectra showed that upon
coating of peptide onto the AuNPs, there was a shift in

The results for the 30 non-haemolytic, clinical samples
were recorded after the visual examination of precipitate
formation and determination of shift or change in absor
bance values using a UV-vis spectrophotometer. Based
on the results observed by eye, the samples have been
divided into three categories: clear precipitation, aggre
gation and colloidal suspension.
The assay sensitivity was determined based on the
colorimetric response obtained for each serum sample and
is calculated as colorimetric response = Imax at 580 nm/Iat 527 nm.
Using this method, the calculated colorimetric response for
normal serum (serum without AGA) is 1 and this acts
as the cut-off value. Therefore, for the clinical samples,
based on the spectral absorbance data, a value of ≤
1 is indicated as negative for CD and a value above 1
is indicated as CD positive. Based on the observation
and calculation of the colorimetric response curve, we
summarized the outcomes in Tables 1 and 2 and Figure
5 along with the results reported using other serological
methods, biopsy and histology.

DISCUSSION
The hexapeptide sequence QXQPFP (X being P, Q and
WJG|https://www.wjgnet.com
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Figure 5 Representation of the distribution of clinical samples using AuNP-peptide-anti-gliadin test.

absorbance maximum from 525 nm to 527 nm (red-shift)
(Figure 2A). Also, we did not observe any measurable
decrease of absorbance at peak wavelength or increase
of absorbance at long wavelengths (600-700 nm). These
results indicate that no strong AuNP-to-AuNP interactions
took place after being coated with peptide and were
stable in a dispersed colloidal state with minimal aggre
gation. In addition, a small peak at 210 nm was also
observed following the binding of peptide to AuNPs, as
[30]
observed in previous studies on peptide coating .
We further confirmed the absence of aggregation
using DLS, that showed an increase in hydrodynamic dia
meter from 20 nm to 28 nm following coating with pep
tide (Figure 2B). The increase in hydrodynamic diameter
is larger than that expected for a 2 kDa peptide sequence
and can be attributed to the larger molecular weight (68
kDa) NeutrAvidin that coated the AuNPs (Supplementary
information S1) through the biotin-maleimide PEG linker.
Since the hydrodynamic radius in solution compares
[31]
directly to the molar mass of the protein , in this case,
being the peptide sequence as well as NeutrAvidin, an
increase in hydrodynamic radius to 28 nm can be cor
related. High resolution TEM images of AuNPs coated
with peptide showed a “halo” layer surrounding the
surface of the nanoparticles indicating that coating of
the gold with the peptide had occurred and this helped
to confirm the peptide coating to AuNPs. The peptide
coats the AuNPs as a monolayer with a sharp border with
[32]
constant thickness on the gold nanoparticle surface .
To assess the capability of peptide-coated AuNPs
to detect AGA, serial dilutions of rabbit anti-gliadin IgG
polyclonal antibody in a range that normally exists in
[33]
human serum, were tested . A significant reduction
in color as well as a shift in absorbance from 527 nm to
580 nm with a decrease in the absorbance peak (Figure
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3), indicated that in the presence of the AGA there was
an increase in the intermolecular association of the
peptide coated AuNPs. These inter-particle interactions
caused aggregation, leading to precipitation and a dropin absorbance. These results obtained for the peptide
coated AuNPs-AGA interaction are consistent with pre
vious work, on the addition of specific analytes, such as
[34,35]
metal ions, to citrate stabilised gold nanoparticles
.
Spiked human serum containing 2-20 μg/mL AGA was
then incubated with the peptide coated AuNPs. An in
creased aggregation and precipitation, which was easily
detectable by eye in the presence of the AGA was ob
served (Figure 4). No color change or precipitation was
observed in the serum spiked with normal IgG rabbit.
Peptide-coated AuNPs were next tested in a selected
set of human serum samples obtained from patients with
CD or controls without CD. The main aim was to clearly
distinguish the CD affected from the non-CD affected. To
achieve that, serum was diluted with PBS, concentrated,
purified and then allowed to react with AuNPs coated
with peptide. This ensured that the range of the AGA in
the sera fell in the peak sensitivity range (2-20 μg/mL).
Out of the thirty samples analysed, fourteen samples
that were diagnosed with active CD with high antibody
titres as shown by serology and intestinal damage as per
biopsy were identified as CD positive using AuNP-PeptideAGA assay as well. These samples showed the formation
of a precipitate and had a clear shift as well as drop in
UV-vis absorbance values as well as a high colorimetric
response value (refer Table 1). The remaining samples
were then classified into various sub-classes based on
the analysis using the AuNP-Peptide-AGA assay as de
scribed below (refer Tables 1 and 2, Figure 5).
The AuNP-Peptide-AGA assay could correctly identify
the patient suffering from another autoimmune disease,
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Type 1 diabetes (T1DM), as positive for CD and this
result matched with the previously conducted biopsy and
serology profile of the patient. In comparison, an existing
commercially available point-of-care test, SimtomaX®
blood drop (Augurix diagnostics) that uses a combination
of three different peptides as the DGP antigens was
found to be less specific in diagnosing CD in children suf
[36]
fering from T1DM .
The elevated risks of patients with T1DM to develop
celiac disease arises because of multiple environmental
and immunological factors and common genetic back
[37]
ground . The prevalence of celiac disease in T1DM is
[38]
reported high with a mean prevalence rate of 8%
making regular monitoring of patients, particularly chil
dren with T1DM a necessity. AuNP-Peptide-AGA diag
nostic assay shows improved specificity over the existing
point-of-care test based on DGP. This test result shows
immense potential of the assay in pre-selecting CD suf
ferers particularly those belonging to high-risk pediatric
populations and, therefore, needs to be further explored
in large clinical studies.
The cohort of tested samples included two cases
where the patients had previously been diagnosed with
CD and therefore followed a gluten free diet (GFD).
While one person had been on a GFD for more than 8
wk (volunteer number n.11), the other person had been
on a GFD for less than 2 wk (volunteer number n.12).
While the conventional serology test identified these two
patients as negative, the peptide-based assay obtained
a positive for CD that is similar to the diagnosis based on
mucosal biopsy.
A clear precipitate using the AuNP-Peptide-AGA assay
was obtained for three samples (volunteer numbers
n.24, n.25, n.26, Table 2) with patchy/irregular mucosal
lesions, classified as a broad sub-type of potential or
latent celiac. The UV-vis absorbance data supported the
visual examination. These three samples were classified
as positive for CD as these may be latent celiac sufferers
that initially, display mild mucosal atrophy, that then
develops to typical atrophy of small intestine mucosa
[39]
along with a presentation of positive CD serology .
Aggregation of nanoparticles along with a drop in UVvis absorbance values was demonstrated by four clinical
samples (volunteer numbers n.27, n.28, n.29, n.30,
Table 2). These samples had positive or low positive
serology along with mucosal inflammation. The AuNPPeptide-AGA assay showed results similar to those
found using the existing serological assays. These four
cases have been identified as “potential” CD positives, a
subtype of CD that displays a normal villous architecture
but also shows clinical symptoms, such as increased γδ+
intraepithelial lymphocytes along with the presence of
gliadin specific antibodies, that are mostly at low titres (<
[40]
1:40) . Potential CD cases are often difficult to diagnose
by histology which has a lowered predictive value in
recognizing such cases. Correct diagnosis for potential
CD cases therefore necessitates an evaluation of both
serological markers as well as pathological symptoms.
The cohort included four samples identified as nega
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tive for CD based on biopsy and existing serology tests
(volunteer numbers n.2, n.13, n.20 and n.21, Table 1).
Out of the four samples, two samples were correctly
identified as CD negative by AuNP-Peptide-AGA assay
while the other two samples showed the formation of
aggregates and were identified as positive (volunteer
numbers n.2 and n.20). As intestinal biopsy has been
used as the gold standard for CD confirmation, these two
samples have been referred to as a false positive.
Overall, upon comparing the results for the 30 clinical
samples, while 26 samples were interpreted similar to
the analysis using the existing serology and histology, 2
false positive results and 2 false negative results were
obtained using the AuNP-Peptide-AGA assay giving the
AuNP-Peptide-AGA assay an overall accuracy of 86.6%.
Celiac disease is induced by the protein gliadin,
present in wheat and some other cereals causing dam
age to the small intestine. In the present study, we
demonstrated that a peptide sequence derived from
gliadin in conjunction with AuNPs can be used as an ef
ficient tool to detect a biomarker for CD from serum.
This was achieved by developing a methodology to coat
the small antigenic peptide sequence on the surface
of AuNPs without causing aggregation. A color change
and absorbance peak shift caused by the aggregation
of AuNPs was observed following the addition of AGA to
peptide coated AuNPs at levels associated with CD. We
confirmed that the developed assay can detect AGA not
only in quantitatively spiked samples but also in a smallscale study on real non-hemolytic CD patient’s samples.
The present study shows that this novel peptide
functionalised AuNP based assay is useful for preselecting CD diseases particularly in high-risk pediatric
populations that can be then confirmed by mucosal
biopsy. The developed assay has high accuracy levels
and is relatively cheaper to develop, the assay format
has potential to be adapted as point-of-care test that
would be useful in an exclusion diagnostic strategy as
positive result would strengthen the possibility of CD that
can be confirmed using intestinal biopsy.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Celiac disease is a chronic immune mediated disorder of the small intestine
caused by consuming the protein gluten present in wheat and some other
cereals. Following the activation of the innate immune system, a number of
cytokines as well as antibodies are released in celiac patients that can be used
as specific biomarkers to develop diagnostic tests. Over the years, a number
of diagnostic tests have been developed, however, in spite of the good initial
results in terms of sensitivity and specificity, when these tests are used on a
large scale they have lowered predictive values. In the present study, a novel
assay using peptide functionalised gold nanoparticles was developed that can
be useful in an exclusion based diagnostic strategy.

Research motivation

The number of celiac disease sufferers are rapidly increasing throughout the
world, and there is an increased need for newer detection methods that are
easy to use, accurate as well as cheaper to enable early identification of the
disease. The present study addresses this issue through the development of
a novel assay combining the unique properties of gold nanoparticles with the
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specificity of the antibodies. The developed assay shows great potential to
be developed as a point-of-care test that would be beneficial for large scale
screening of celiac disease.
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Research objectives

In order to develop a celiac diagnostic assay based on the properties of the
gold nanoparticles combined with the specificity of the antibodies from serum
the following aims have been addressed in this work: (1) To develop method for
the binding and adsorption of peptide derived from gliadin, the main antigenic
protein causing celiac disease on the surface of gold nanoparticles; (2) to
detect and measure the concentrations of antibodies to be used as biomarkers
in serum; (3) to test and validate the developed test on real patient serum
samples.
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METHODS
This is a single-center comparative analysis performed
between April 1986 and May 2016. Two hundred and
twelve liver transplantation (LT) were performed with
donors ≥ 70 years old (study group). Then, we selected
the first cases that were performed with donors <
70 years old immediately after the ones that were
performed with donors ≥ 70 years old (control group).

aged 70 years and over. World J Gastroenterol 2018; 24(47):
5391-5402
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5391.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5391

RESULTS
Graft and patient survivals were similar between both
groups without increasing the risk of complications,
especially primary non-function, vascular complications
and biliary complications. We identified 5 risk factors
as independent predictors of graft survival: recipient
hepatitis C virus (HCV)-positivity [hazard ratio (HR)
= 2.35; 95% conﬁdence interval (CI): 1.55-3.56; P =
0.00]; recipient age (HR = 1.04; 95%CI: 1.02-1.06; P
= 0.00); donor age X model for end-stage liver disease
(D-MELD) (HR = 1.00; 95%CI: 1.00-1.00; P = 0.00);
donor value of serum glutamic-pyruvic transaminase (HR
= 1.00; 95%CI: 1.00-1.00; P = 0.00); and donor value
of serum sodium (HR = 0.96; 95%CI: 0.94-0.99; P =
0.00). After combining D-MELD and recipient age we
obtained a new scoring system that we called DR-MELD
(donor age X recipient age X MELD). Graft survival
significantly decreased in patients with a DR-MELD score
≥ 75000, especially in HCV patients (77% vs 63% at 5
years in HCV-negative patients, P = 0.00; and 61% vs
25% at 5 years in HCV-positive patients; P = 0.00).

The increase of indications for liver transplantation (LT)
and the shortage of liver donors has been one of the
[1-8]
main problems for performing LTs in the past years .
The use of aged donors is one of the main strategies
to increase the number of available grafts. Spain
is the country with the highest donation rate per
[9]
million population (pmp) worldwide . Several studies
comparing Spain and the United States showed that in
Spain between 1999 and 2009 there was an increase in
the donation rate by the population ≥ 70 years old from
3.8 donors pmp to 8.8 donors pmp (132% increase),
while in the United States this rate only increased from
[10,11]
1 donor pmp to 1.3 donor pmp
. Spain represents
one of the countries with the most experience using
aged liver grafts.
There have been multiple studies analyzing the
[12]
impact of donor age on LT results since Emre et al
published in 1996 the first long series of LTs with donors
≥ 70 years old. Initially the results were disappointing,
but as the number of LTs performed with such grafts
increased, the results progressively improved until
becoming comparable to those obtained with younger
[12-22]
grafts
.
The aim of the present study is to identify predictors
of graft survival with the use of donors ≥ 70 years old,
and formulate a score able to predict graft survival in
an attempt to develop a tool for daily donor-recipient
matching.

INTRODUCTION

CONCLUSION
A DR-MELD ≥ 75000 must be avoided in order to obtain
the best results in LT with donors ≥ 70 years old.
Key words: Liver transplantation; Aged donors; Old
donors; Marginal donors; Donor age
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Data source and study population

Core tip: The use of aged grafts is one of the main
strategies to increase the number of available grafts.
After analyzing the results of liver transplantation
performed with donors ≥ 70 years old, we identified
as independent predictors of graft survival: donor
age X model for end-stage liver disease (D-MELD),
recipient age and hepatitis C virus (HCV) infection.
After combining D-MELD and recipient age we obtained
a new scoring system that we called DR-MELD (donor
age X recipient age X MELD), which seems to be a
good measure to predict graft survival when using
grafts ≥ 70 years old, regardless of the HCV infection.

This is a single-center comparative, longitudinal and
retrospective analysis of all LTs performed at the “12
de Octubre” University Hospital of Madrid between
April 1986 and May 2016. During this period 1848
LTs were performed in 1659 patients. Of these, 232
(12.6%) were performed with grafts from donors ≥ 70
years old. Recipients < 18 years old, retransplantation,
acute liver failure, human immunodeficiency virus
(HIV) positivity, combined transplants, split grafts, invivo donation, non-heart-beating donation, LTs due to
metastatic liver disease and LTs with incomplete medical
records were excluded from the analysis. Thus, 212
cases (study group) were included in the study (Figure
1). To minimize the impact of the era when the LT was
performed, we selected as controls the first cases that
were performed with a graft < 70 years old immediately
after the ones that were performed with a graft > 70

Caso-Maestro O, Jiménez-Romero C, Justo-Alonso I, CalvoPulido J, Lora-Pablos D, Marcacuzco-Quinto A, Cambra-Molero
F, García-Sesma A, Pérez-Flecha M, Muñoz-Arce C, LoinazSegurola C, Manrique-Municio A. Analyzing predictors of graft
survival in patients undergoing liver transplantation with donors
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All LT recipients were evaluated before transplant in
our department. The indication for LT was established
according to our own policy and according to the
ONT guidelines. The follow-up of each patient after
the transplant was carried out based on the different
protocols existing in our department.
The degree of hepatic insufficiency was evaluated with
the Child-Pugh classification until 2003, and after that with
[23]
the model for end-stage liver disease (MELD) score .
Refractory encephalopathy or ascites, hepatopulmonary
syndrome, portopulmonary hypertension, refractory
pruritus, recurrent cholangitis in patients with cholestatic
liver disease, hereditary hemorrhagic teleangiectasia,
polycystic disease, multiple hemangiomatosis and
hepatocellular carcinoma (HCC) were considered
exceptions to MELD.

April 1986-May 2016

1848 liver transplantations

232 liver transplantations with donors ≥ 70

Excluded cases:
9 re-transplantation
6 acute liver failure
4 HIV positive patients
1 incomplete clinical history

212 liver transplantations with donors ≥ 70

Immunosuppresive regimen

Figure 1 Flowchart of the selection of the cases included in the present
study. HIV: Human immunodeficiency virus.

In all cases, an initial immunosuppressive (IMS) regimen
based on the administration of a calcineurin inhibitor
(tacrolimus or cyclosporine) and steroids was used. Other
drugs (azathioprine, mycophenolate or mTOR inhibitors)
were added in an individualized way depending on the
clinical situation. Steroids were usually discontinued
between 3 and 12 mo after LT in the cyclosporine
regimen, and after 3 mo in the tacrolimus regimen.

years old; thus, the control group also consisted of 212
cases.
The first LT with a graft from a donor > 70 years old
was performed on January 17, 1994. The use of donors
≥ 70 years old increased progressively over the years,
and now stands at around 30% of all LTs performed
annually in our department (Figure 2).

Definitions

Primary non-function (PNF) was defined as early failure
of liver function manifested by signs of acute liver
failure: severe hypoglycemia, persistent coagulopathy,
encephalopathy III-IV, acute renal failure, severe
metabolic acidosis, hemodynamic instability and
abnormal hepatic enzyme levels.
Acute rejection episodes were classified based on
[24]
the Banff grades . The initial treatment was based
on the degree of rejection. Grade 1 rejections were
treated by increasing the dose of IMS drugs, and
grade 2 and 3 rejections were treated with 1 g of
methylprednisolone intravenously for 3 d and steroid
recycling. Corticosteroid-refractory rejections were
treated with monoclonal antibodies: ATG and OKT3
in the initial period, and with thymoglobulin and
basiliximab thereafter.
Hepatitis C virus (HCV) recurrence in the graft
was confirmed by histology based on the presence of
periportal and lobular inflammation and the presence of
[25]
fibrosis . In our department, we do not have a biopsy
follow-up protocol for HCV-patients undergoing LT, and
therefore biopsies were only performed in the presence
of elevated hepatic enzymes in the absence of abnormal
vascular, biliary and IMS levels.
Vascular complications were defined as all posttransplant abnormalities in the hepatic artery, portal
vein or cava vein requiring therapeutic procedures such
as radiological or surgical procedures.
Biliary complications were defined as all post-

Donor and recipient evaluation

All donors were evaluated according to our institution’s
policy and according to the Spanish National Transplant
Organization’s [Organización Nacional de Trasplantes
(ONT)] guidelines.
Uncontrolled active sepsis, parenteral drug addiction,
untreated primary or secondary hepatobiliary disease,
severe traumatic injury, untreated tumor disease (except
small cutaneous carcinomas, cervical carcinoma in situ,
central nervous system tumors except glioblastoma and
medulloblastoma, and renal cell carcinomas < 4 cm) and
severe intoxication were considered contraindications for
donation.
All donors were procured with dual perfusion (aortic
and portal) and all LTs were performed with cava vein
preservation. End-to-end choledochal anastomosis
was routinely performed. In cases of size disparity,
a T-tube was used and in cases of biliary disease a
cholangiojejunostomy was made.
Donor, recipient and perioperative characteristics,
and post-LT complications were analyzed. Patient and
graft survival were also recorded.
All grafts ≥ 70 years old were biopsied during
procurement to assess the presence of steatosis. All
biopsies were reviewed at the pathology department of
our institution.
The presence of severe arteriosclerosis with no
possibility of arterial reconstruction was considered a
contraindication for the use of these grafts.
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Figure 2 Rate of transplants performed in our department from 1996 to 2015 with donors ≥ 70 years old.

transplant abnormalities in the biliary tree requiring
radiological, endoscopic or surgical procedures.
In order to carry out the graft survival analysis, we
took into account the number of months from the LT
day to the day on which one of the following events
occurred: (1) end of study (August 31, 2016), (2)
death, (3) loss of follow-up, or (4) re-transplantation.
When the patient died, the graft was considered as nonfunctioning graft.

RESULTS
Donor characteristics

The donor characteristics are shown in Table 1. Aged
donors were predominantly female whereas younger
donors were predominantly male (P = 0.00). Obesity
(27% vs 16%; P = 0.00), hypertension (58% vs 26%;
P = 0.00) and diabetes (20% vs 7%; P = 0.00) were
more common among aged donors. Although we found
more cases of cerebrovascular deaths in the study
group (81% vs 51%; P = 0.06), this difference was not
statistically significant. Cardiac arrest was significantly
lower in donors ≥ 70 years old (7% vs 25%; P = 0.00).
Median serum sodium level was high in both groups,
but significantly lower in the study group. Median serum
glutamic-pyruvic transaminase (GPT) and glutamicoxaloacetic transaminase (GOT) levels were normal
in both groups but, like sodium levels, they were
significantly lower in aged donors. Biopsy findings were
similar in both groups, with more than half of all cases
without steatosis in each group.

Statistical analysis

Statistical analysis was done using the SPSS software
package, version 20.0.0 (SPSS Inc., Chicago, IL, United
States). Quantitative variables were expressed as mean
± standard deviation with a normal distribution of the
variable, and as median and interquartile range when the
variable did not have a normal distribution. Qualitative
variables were expressed as absolute frequencies (n)
and relative frequencies (%). To compare qualitative
variables, the chi-square test and Fisher’s exact test
were used. To compare quantitative variables with
qualitative variables, Student’s t-test was used. Nonparametric tests were employed when appropriate. Graft
survival was studied using the Kaplan-Meier method
and comparisons between the different curves obtained
were performed using the log-rank test. Regarding the
multivariate analysis, we considered those variables in
which statistically significant differences were found during
the comparative analysis and those that we considered
clinically relevant. The multivariate Cox proportional
hazard model was applied to analyze the prognostic
value for the risk of graft loss in all LTs performed with
donors ≥ 70 years old. A stepwise backward conditional
procedure was used. Finally, based on the results
obtained, we studied graft survival according to the risk
factors identified during the multivariate analysis. A
P-value < 0.05 was considered statistically significant in
all studies performed.
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Recipient characteristics

Table 2 lists recipient characteristics of the 2 groups.
Mean recipient age was higher in recipients of older
grafts. HCV-positivity was more common among
patients undergoing LT with younger donors (34% vs
49%; P = 0.00). Median product of donor age and
preoperative MELD (D-MELD) value was higher in the
recipients of the study group (1051 vs 629; P = 0.00),
but all laboratory parameters analyzed were similar in
both groups.

Perioperative characteristics

Table 3 shows perioperative characteristics in the 2
groups. Mean cold ischemia time (CIT) was longer in
the study group (445 min vs 386 min; P = 0.00). This is
because most aged donors were from hospitals outside
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Table 1 Donor characteristics n (%)
Donors < 70 years old (n = 212) Donors ≥ 70 years old (n = 212)
Age (yr)
Gender (male/female)
BMI ≥ 30 (kg/m2)
Cause of death
Trauma
Cerebrovascular
Other
History of hypertension
History of diabetes
ICU stay (h)
Cardiac arrest
Hemodynamic instability
Vasopressor use
Glucose (mg/dL)
Creatinine (mg/dL)
Sodium (mEq/L)
GOT (IU/L)
GPT (IU/L)
Biopsy findings
Normal
Microsteatosis
Mild macrosteatosis (< 30%)
Moderate macrosteatosis (30%-60%)
Severe macrosteatosis (≥ 60%)

47 (26)
139/73 (65.6/34.3)
33 (15.6)

76 (7)
87/125 (41.0/59.0)
57 (27.3)

72 (34.0)
108 (50.9)
32 (15.1)
55 (25.9)
14 (6.6)
48 (24-96)
53 (25.0)
68 (32.1)
173 (81.6)
145 (63)
0.9 (0.5)
148 (12)
39 (55)
27 (53)

32 (15.1)
172 (81.1)
8 (3.8)
122 (57.5)
43 (20.3)
211 (24-48)
14 (6.6)
60 (28.3)
159 (75.0)
156 (69)
0.8 (0.3)
145 (11)
28 (19)
20 (17)

125 (57.8)
26 (12.6)
54 (26.1)
7 (3.5)
0 (0.0)

107 (49.8)
41 (19.5)
56 (26.7)
7 (3.5)
1 (0.5)

P value
0.00
0.00
0.00

0.06
0.00
0.00
0.00
0.00
0.39
0.09
0.00
0.24
0.00
0.00
0.00

0.12

BMI: Body mass index; ICU: Intensive care unit; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-pyruvic transaminase.

Table 2 Recipient characteristics n (%)

Age (yr)
Gender (male/female)
Cirrhosis
Alcoholic
HBV
HCV
Other
HCC
Child-Pugh
A
B
C
MELD
MELD-Na
D-MELD
Glucose (mg/dL)
Creatinine (mg/dL)
Total bilirubin (mg/dL)
GOT (IU/L)
GPT (IU/L)
Albumin (mg/dL)
Prothrombin activity (%)
Platelets (n)
UNOS
ICU
Hospital
Home

Donors < 70 years old (n = 212)

Donors ≥ 70 years old (n = 212)

P value

54 (14)
161/51 (75.9/24.1)

59 (13)
167/45 (78.8/21.2)

0.00
0.48

61 (28.8)
13 (6.1)
105 (49.5)
33 (15.6)
82 (38.7)

95 (44.8)
24 (11.3)
72 (34.0)
21 (9.9)
84 (39.3)

47 (22.1)
75 (35.4)
90 (42.5)
15 (8)
16 (11)
629 (475)
107 (44)
0.9 (0.4)
2.7 (3.4)
54 (67)
40 (49)
3.3 (0.9)
62 ± 20 (11.8-120)
77900 (54925)

46 (21.7)
89 (42)
77 (36.3)
13 (5)
14 (9)
1051 (842)
105 (48)
0.9 (0.3)
1.9 (2.4)
58 (58)
37 (43)
3.4 (1.0)
65 ± 18 (5-119)
82500 (60250)

0
17 (8)
195 (92)

3 (1.4)
12 (5.7)
197 (92.9)

0.00

0.89

0.22
0.20
0.12
0.00
0.70
0.07
0.10
0.77
0.60
0.77
0.07
0.16
0.77

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; D-MELD: The product of donor
age and preoperative MELD; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-pyruvic transaminase; UNOS: United network for organ sharing;
ICU: Intensive care unit.

of Madrid, and in some cases, it took up to 3 h for the
grafts to reach our hospital. Transfusion requirements
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were similar in both groups and no differences were
observed in the immunosuppresive treatment.
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Table 3 Perioperative characteristics and post-liver transplantation complications n (%)

CIT (min)
WIT (min)
RBC (U)
FFP (U)
Platelets (U)
Basal immunosuppressant drugs
Cyclosporine plus steroids
Tacrolimus plus steroids
ICU stay (d)
Hospital stay (d)
Primary non-function
Acute rejection
Infectious complications
Medical complications
Surgical complications
Vascular complications
Biliary complications
Reoperation
De novo tumors
HCV recurrence
Days
Hepatitis F3 or F4
Fibrosing cholestatic hepatitis
Re-transplantation

Donors < 70 years old (n = 212)

Donors ≥ 70 years old (n = 212)

P value

386 ± 168 (100-1038)
64 ± 17 (40-200)
6 (3-10)
12 ± 9 (0-60)
3 ± 3 (0-37)

445 ± 158 (60-975)
61 ± 13 (30-130)
5 (3-10)
13 ± 9 (0-58)
3 ± 3 (0-16)

0.00
0.04
0.98
0.40
0.53

33 (15.6)
179 (84.4)
4 (2-5)
18 ± 17 (0-105)
6 (2.8)
61 (28.8)
56 (26.4)
90 (42.5)
38 (17.9)
11 (5.2)
24 (11.3)
27 (12.7)
24 (11.3)
73 (61.9)
141 (58-535)
18 (24.7)
7 (9.6)
11 (5.2)

30 (14.3)
180 (85.7)
4 (2-6)
16 ± 12 (0-83)
7 (3.3)
53 (25.1)
41 (19.3)
93 (43.9)
34 (16)
14 (6.6)
11 (5.2)
20 (9.4)
22 (10.4)
42 (57.5)
148 (51-316)
21 (50)
7 (16.7)
12 (5.7)

0.71
0.58
0.34
0.24
0.39
0.08
0.76
0.60
0.80
0.41
0.28
0.57
0.55
0.90
0.00
0.26
0.83

CIT: Cold ischemia time; WIT: Warm ischemia time; RBC: Red blood cells; FFP: Fresh frozen plasma; ICU: Intensive care unit.

Complications after LT

study group. Differences between the groups were not
significant.
Graft survival at 1, 3 and 5-years was 85.3%,
78.4% and 70.2%, respectively, in the control group
and 80.5%, 73.6% and 64.5%, respectively, in the
study group. Again, differences between the groups
were not significant.

In Table 3 we can also observe the differences between
the 2 groups regarding the development of different
complications. Hospital stay in both intensive care unit
(ICU) and conventional hospitalization unit were similar
in both groups. No differences were found in relation to
PNF, and acute rejection rate was similar in both groups
(25% vs 29%; P = 0.39). Infectious complications
were lower in the study group, but differences were not
statistically significant. The rate of vascular complications
was similar in both groups (6.6% vs 5.2%; P = 0.80).
Although biliary complications were lower in the group
of LTs performed with aged donors, differences were
not statistically significant (5.2% vs 11.3%; P = 0.41).
Finally, HCV recurrence was similar in both groups, but
severe HCV recurrence (F3-F4 hepatitis) was higher in
the study group (50% vs 25%; P = 0.00).

Multivariate analysis

A Cox-regression analysis to investigate risk factors
for graft loss in LTs performed with donors ≥ 70 years
old was performed including all variables where we
found differences during the comparative analysis and
the ones that we considered clinically relevant. Table
4 shows the results. We identified 5 risk factors as
independent predictors of graft survival: recipient HCVpositivity [hazard ratio (HR) = 2.35; 95% conﬁdence
interval (CI): 1.55-3.56; P = 0.00]; recipient age (HR
= 1.04; 95%CI: 1.02-1.06; P = 0.00); D-MELD (HR =
1.00; 95%CI: 1.00-1.00); donor value of serum GPT
(HR = 1.00; 95%CI: 1.00-1.00; P = 0.00); and donor
value of serum sodium (HR = 0.96; 95%CI: 0.94-0.99;
P = 0.00).

Survival analysis

After a mean follow-up of 67 ± 59 (range: 0-271) mo
in the control group and a mean follow-up of 67 ± 61
(range: 0-269) mo in the study group, there were 67
(31.6%) deaths in the control group and 80 (37.7%)
deaths in the study group. These differences were not
statistically significant.
We also did not observe significant differences
between the causes of death in each group, and the
main causes in both groups were infections and medical
complications.
Patient survival at 1, 3 and 5-years was 86.3%,
79.8% and 72.8%, respectively, in the control group
and 83.8%, 78.1% and 69%, respectively, in the
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Graft survival according to risk factors

After combining D-MELD and recipient age we obtained
a new scoring system that we called DR-MELD
(product of donor age, recipient age and preoperative
MELD). Median (interquartile range) DR-MELD in the
study group was 58309 (27861). We stratified the
recipients into 5 groups (DR-MELD < 25000; DRMELD 25000-49999; DR-MELD 50000-74999; DR-
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Table 4 Multivariate Cox-regression analysis for the risk of graft loss
Univariate analysis
Donor age
Female donor
Donor BMI
25-29
≥ 30
Cause of death
Cerebrovascular
Others
Donor history of hypertension
Donor history of diabetes
Donor ICU stay
Donor cardiac arrest
Donor last serum sodium level
Donor last serum GOT
Donor last serum GPT
Biopsy findings
Normal
Microsteatosis
Mild macrosteatosis (< 30%)
Moderate macrosteatosis (30%-60%)
Recipient age
HCV+ recipient
HCC presence
MELD
D-MELD
Prothrombin activity
CIT
WIT

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

1.23 (0.90-1.68)
1.08 (0.78-1.49)

0.19
0.63

1.15 (0.73-1.81)

0.52

1.56 (1.05-2.31)
1.53 (0.95-2.47)

0.08
0.07

1.091 (0.75-1.58)
0.68 (0.34-1.36)
1.53 (1.10-2.12)
0.99 (0.62-1.58)
1.00 (0.99-1.00)
0.94 (0.59-1.52)
0.97 (0.96-0.99)
1.00 (1.00-1.00)
1.00 (1.00-1.00)

0.65
0.28
0.00
0.97
0.37
0.82
0.01
0.13
0.02

1.43 (0.97-2.12)

0.07

0.96 (0.94-0.99)

0.00

1.00 (1.00-1.00)

0.00

1.00 (0.64-1.59)
1.22 (0.82-1.82)
1.89 (0.93-3.82)
0.93 (0.57-1.53)
1.03 (1.01-1.05)
1.82 (1.32-2.50)
1.24 (0.90-1.71)
1.03 (1.00-1.06)
1.00 (1.00-1.00)
0.99 (0.98-1.00)
0.99 (0.99-1.00)
1.01 (0.99-1.02)

0.96
0.31
0.07
0.78
0.00
0.00
0.18
0.05
0.00
0.28
0.13
0.38

1.04 (1.02-1.06)
2.35 (1.55-3.56)

0.00
0.00

1.00 (1.00-1.00)

0.00

HR: Hazard ratio; CI: Conﬁdence interval; BMI: Body mass index; ICU: Intensive care unit; GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamicpyruvic transaminase; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease; D-MELD: The product of donor
age and preoperative MELD; CIT: Cold ischemia time; WIT: Warm ischemia time.

1.0
0.8

Survival

score. Figure 3 shows the results. Overall, we obtained
a graft survival of more than 70% at 5 years in patients
with a DR-MELD score ≤ 75000, and of less than 50%
in patients with a DR-MELD score ≥ 75000. Finally, we
calculated graft survival according to DR-MELD and HCV
infection status, and we observed that graft survival
significantly decreased in patients with a DR-MELD
score ≥ 75000, especially in HCV-positive patients (77%
vs 63% at 5 years in HCV-negative patients, P = 0.00;
and 61% vs 25% at 5 years in HCV-positive patients; P
= 0.00) (Figures 4 and 5).

DR-MELD
< 25000
25000-50000
50000-75000
75000-100000
> 100000

0.6
0.4
0.2
0.0
0

12

24

36

48

60

Follow-up (mo)
DR-MELD
score
1 yr
3 yr
5 yr

DISCUSSION

< 25000 25000-49999 50000-74999 75000-99999 ≥ 100000
100%
100%
100%

92%
87%
76%

84%
75%
68%

68%
59%
52%

Use of elderly donors is an effective mean to expand the
donor pool with results similar to those described with
the use of younger donors, as demonstrated in multiple
[12-22,26]
studies over the past years
.
In Europe, the use of these donors has become
common. One single-center study reports that almost
40% of all LTs were performed with donors ≥ 70 years
[26]
old . However, in the United States, the use of these
grafts is lower than in Europe, as shown in a recent
study, where the rate of LTs performed with donors
≥ 70 years old in the United States was only 4.3%
[27]
between January 2002 and September 2014 .

59%
59%
49%

Figure 3 Graft survival according to donor age X recipient age X
model for end-stage liver disease score in patients undergoing liver
transplantation with grafts ≥ 70 years old. Chi-square = 12.358, degrees of
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for endstage liver disease.

MELD 75000-99999; and DR-MELD ≥ 100000), and
we analyzed the graft survival according to this new
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87%

In the literature, different factors have been
described as predictors of graft survival, and most of
[8,13,26,29-33]
them have been reported in several studies
.
A summary of predictors of graft survival with the
use of donors ≥ 70 years old that were identified by
multivariate analysis (Cox regression), is shown in Table
5. In our study, we identified 5 independent predictors
of graft survival: donor serum sodium and serum GPT,
recipient age, HCV and D-MELD.
Sodium and GPT are laboratory parameters that in
many studies have been identified as risk factors for a
[28]
poor outcome, regardless of the age of the donor .
However, in studies performed with donors ≥ 70 years
old they never were found to be predictors of graft
[8,13,26,30-33]
survival
. In addition, although differences
between these parameters were statistically significant
in our study, we think that they are not clinically relevant
since they were within the normal range in both groups.
HCV is a long-known survival predictor in LTs
performed with aged donors. HCV recurrence is earlier
[34-38]
and more aggressive when aged donors are used
.
In most of the studies performed with donors older
than 70 years, we also observed that HCV was an
[13,26,30-32]
independent predictor of graft survival
. In recent
years, younger grafts usually have been implanted
in HCV-positive patients, while older livers were used
to transplant patients with HCC and without HCV
[30]
infection . Currently, with the arrival of direct-acting
antivirals (DAA), the results of LT with aged donors
in HCV patients have changed and donor age will not
influence anymore LT results in HCV recipients.
It has been demonstrated that D-MELD is able
to predict the results of LTs with donors older than
[31,39]
70 years, especially in HCV patients
. Initially,
[40]
Halldorson et al
proposed a D-MELD score of 1600
as a cut-off point to identify cases with significantly
worse outcomes. In our study, these results were not
confirmed when they were applied to recipients of
grafts ≥ 70 years old, since we obtained a 5-year graft
survival of 68.4% and 62.1% for D-MELD scores <
1600 and ≥ 1600, respectively (P > 0.05). We also did
not obtain significant differences when we used different
[31,39]
cut-off points proposed by other authors
, or by
applying still different ones. Although D-MELD was an
independent predictor of graft survival in our study, we
think that it should be used in combination with other
parameters to improve its prediction power.
The age of the recipient is another parameter
that in many studies has been linked with the result.
In multiple series of LT with donors ≥ 70 years old,
recipient age was an independent predictor of graft
[30,33]
survival
. Some authors proposed that these grafts
should be limited to young recipients without other
[30,41,42]
associated risk factors to obtain better results
.
[13,26,31]
However, in recent studies
the mean age of the
recipients was even higher in the group of transplants
performed with elderly donors than in the group of

DR-MELD
< 75000
> 75000

1.0
85%
77%

0.8

Survival

76%
68%

0.6

63%

0.4

0.2

0.0
0

12

24
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48

60

Follow-up (mo)

Figure 4 Graft survival in hepatitis C-negative patients according to donor
age X recipient age X model for end-stage liver disease score after liver
transplantation with grafts ≥ 70 years old. Chi-square = 4.222, degrees of
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for endstage liver disease.

1.0

DR-MELD
< 75000
> 75000
88%

0.8

Survival

75%

0.6

61%

0.4
37%

37%

0.2

25%

0.0
0

12

24
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Figure 5 Graft survival in hepatitis C-positive patients according to donor
age X recipient age X model for end-stage liver disease score after liver
transplantation with grafts ≥ 70 years old. Chi-square = 12.615, degrees of
freedom = 1, P = 0.00. DR-MELD: Donor age X recipient age X model for endstage liver disease.

According to the literature, and also as observed
in the present study, elderly donors have a number of
[12-22,26]
common characteristics
. Females predominate
over males. The rates of hypertension and diabetes are
also higher among these donors. The main cause of
donor death is the cerebrovascular accident, followed by
trauma (81% vs 15%). Finally, there is a tendency to
[28]
minimize other donor risk factors for a worse evolution .
Thus, older donors have shorter ICU stays with fewer
episodes of hemodynamic instability or cardiac arrest,
and laboratory parameters such as serum sodium and
transaminases are usually significantly lower.
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Country

1043
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50
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1749
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n

X
X

X
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X
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X

X

Recipient
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X

X
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X
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X
X
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transplants performed with younger donors.
In our study, other variables such as CIT, donor body mass index (BMI) and graft steatosis did not show a predictive value of graft survival (Table 4). However, we
observed in the univariate analysis that the hazard ratio increased as the donor BMI and the steatosis percentage increased. Based on this observation and on an analysis
[30,43]
of the results obtained by other authors
, we consider that the presence of steatosis ≥ 30% should be a contraindication for the use of these grafts. A graft biopsy
should be mandatory to assess the presence of steatosis and it should always be done during the evaluation of an aged donor. More detailed studies are probably necessary
to determine what percentage of steatosis should be the maximum recommended when using elderly grafts. Finally, CIT is a risk factor that has been related with a worse
[8,26,30]
graft survival, and multiple studies recommend that it must be less than 8 hours when a graft ≥ 70 years old is used
. In our study, CIT was not an independent
predictor of graft survival. This is probably because the mean CIT in the study group was 445 min, less than the 8 h recommended by most groups. We think, like other
authors, that CIT should be as short as possible when aged grafts are going to be used, although a longer CIT should not be an absolute contraindication to use such grafts,
and that this parameter must be analyzed case by case.
After analyzing the results of the multivariate analysis, we formulated a score using the D-MELD in combination with the age of the recipient (DR-MELD), and we
analyzed its ability to predict graft survival in the study group according to the presence or absence of the HCV. We did not use serum donor GPT and sodium because, as
we have previously seen, they were not clinically relevant. Overall, 5-year graft survival with donors ≥ 70 years old with a DR-MELD score < 75000 was 72%, while with
a DR-MELD score ≥ 75000 it decreased to 53% (P = 0.00). Furthermore, with a DR-MELD score ≥ 75000, 5-year graft survival decreased significantly in HCV-negative
patients (77% vs 63%, P = 0.00), but it decreased more significantly in HCV-positive patients (61% vs 25%, P = 0.00). Currently, with the effectiveness of the DAA, we
can use an aged donor in a HCV-positive recipient with the same results than in a HCV-negative recipient. Given these results, DR-MELD seems to be a good measure to
predict graft survival when using grafts ≥ 70 years old.
The present study is a single-center and longitudinal study, which ensures the homogeneity of the sample, the surgical technique and the follow-up. Furthermore, the
fact that it is a single-center study and not based on a registry database has allowed the analysis of multiple variables of both donors and recipients. On the other hand,
the study is retrospective and there is an important time difference between the first cases and the last ones; this may have a significant influence on the results, as other
[32]
authors have noted . Further studies are required to validate our results and compare them with other scores described in the literature, to define which of them is the
most accurate.

GPT: Glutamic-pyruvic transaminase; Na: Serum sodium; BMI: Body mass index; UNOS: United network for organ sharing status; HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; D-MELD: The product of
donor age and preoperative MELD; BAR: Balance of risk score; CIT: Cold ischemia time.

Segev, 2007
United States
Cescon, 2008
Italy
Jimenez Romero, 2013
Spain
Cepeda Franco, 2016
Spain
Bertuzzo, 2017
Italy
Montenovo, 2017
United States
Ghinolfi, 2017
Italy
Present study, 2018
Spain

Author

Table 5 Studies comparing liver transplantation with donors ≥ 70 years old vs liver transplantation with younger donors that provide multivariate analysis identifying predictors of graft survival
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brain death donors. Additional studies are needed to investigate if the donor
age could also be increased with marginal donors such as non-heart beating,
split or living donors.

In conclusion, the use of donors ≥ 70 years old is
a safe strategy to expand the donor pool, and in the
coming years they will probably become the main
source of donation in western countries. Graft and
patient survivals are similar to those obtained with the
use of younger grafts without increasing the risk of
complications, especially PNF, vascular complications
and biliary complications. A DR-MELD ≥ 75000 must be
avoided in order to obtain the best results. More studies
are required to validate these findings.
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age, MELD, cold ischemia time and the presence of steatosis seems to be the
best predictors of graft survival after analyze the outcomes of several studies.
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the national Israeli experience in FMT. One-hundred
and eleven patients with CDI underwent FMT, 37
(35%) of which via oral capsules and 50 (45%) via
colonoscopy. The overall success rate was 87.4%, with
no difference between administration routes. Success
was independently related to mild disease and an
ambulatory setting. One-third of the patients were
younger than 60 years. 14 of which (40%) also suffered
from inflammatory bowel disease. FMT is an effective
treatment for recurrent CDI. FMT via capsules was
shown to be a successful alternative to endoscopy.
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Abstract
AIM
To evaluate and describe the efficacy of fecal microbiota
transplantation (FMT) for Clostridium difficile infection
(CDI) in a national Israeli cohort.

Greenberg SA, Youngster I, Cohen NA, Livovsky DM,
Strahilevitz J, Israeli E, Melzer E, Paz K, Fliss-Isakov N,
Maharshak N. Five years of fecal microbiota transplantation an update of the Israeli experience. World J Gastroenterol 2018;
24(47): 5403-5414
URL: https://www.wjgnet.com/1007-9327/full/v24/i47/5403.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i47.5403

METHODS
All patients who received FMT for recurrent (recurrence
within 8 wk of the previous treatment) or refractory CDI
from 2013 through 2017 in all the five medical centers
in Israel currently performing FMT were included. Stool
donors were screened according to the Israeli Ministry
of Health guidelines. Clinical and laboratory data of
patients were collected from patients’ medical files, and
they included indications for FMT, risk factors for CDI
and disease severity. Primary outcome was FMT success
(at least 2 mo free of CDI-related diarrhea post-FMT).
Secondary outcomes included initial response to FMT
(cessation of diarrhea within 7 d) and recurrence at 6
mo.

INTRODUCTION
Background

The incidence of Clostridium difficile infection (CDI) is
rising in parallel to the increased use of broad-spectrum
antibiotics, with more than 500000 cases and 29000
[1]
related deaths annually in the United States alone .
The resistance to current treatment with metronidazole
and vancomycin is also increasing, with recurrence rates
of up to 20% after the first episode and 40%-65% after
[2-4]
the second . Fecal microbiota transplantation (FMT)
has cure rates ranging between 85%-95%, and it has
emerged as being a safe and promising treatment
option that is widely accepted for recurrences and
[5-10]
refractory or severe cases of CDI
. FMT is considered
[11,12]
the most effective treatment for recurrent CDI
in
[13]
both young and elderly patient populations . FMT it
is also a promising potential treatment for conditions
other than CDI, such as inflammatory bowel diseases
(IBD), irritable bowel syndrome, neuropsychiatric
conditions, obesity, insulin resistance, and autoimmune
[14,15]
diseases
.
Current techniques for FMT administration vary
considerably between institutions and can be performed
via a nasogastric/nasojejunal tube, gastroscopy, oral
[6,15-18]
capsules, enema, sigmoidoscopy or colonoscopy
.
The procedure is considered safe and is mostly free
of severe adverse events, although peri-procedural
transient gastrointestinal (GI) symptoms may develop
in some patients. The mortality cited in previous studies
was attributed to the patients’ pre-morbid conditions,
and generally occurred in elderly and critically ill
[5,15-17,19]
patients
.

RESULTS
There were 111 FMTs for CDI, with a median age of 70
years [interquartile range (IQR): 53-82], and 42% (47)
males. Fifty patients (45%) were treated via the lower
gastrointestinal (LGI, represented only by colonoscopy)
route, 37 (33%) via capsules, and 24 (22%) via the
upper gastrointestinal (UGI) route. The overall success
rate was 87.4% (97 patients), with no significant
difference between routes of administration (P = 0.338).
In the univariant analysis, FMT success correlated with
milder disease (P = 0.01), ambulatory setting (P <
0.05) and lower Charlson comorbidity score (P < 0.05).
In the multivariant analysis, only severe CDI [odd ratio
(OR) = 0.14, P < 0.05] and inpatient FMT (OR = 0.19,
P < 0.05) were each independently inversely related to
FMT success. There were 35 (32%) patients younger
than 60 years of age, and 14 (40%) of them had a
background of inflammatory bowel disease.
CONCLUSION
FMT is a safe and effective treatment for CDI, with
capsules emerging as a successful and well-tolerated
route. Severe CDI is less likely to respond to FMT.
Key words: Clostridium difficile infection; Capsules;
Israel; Fecal microbiota transplantation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Objective

Core tip: Fecal microbiota transplantation (FMT)
emerged as a promising treatment for Clostridium
difficile infection (CDI). Our aim was to summarize
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We had earlier described the initial Israeli experience
of 22 patients that were treated with FMT for CDI and
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experienced an overall cure rate above 89% . However,
during the past 5 years, the procedure has been
performed in additional Israeli centers that processed
feces from a wide range of donors in a significantly larger
number of patients with different disease conditions, and
using all acceptable transplantation routes. Therefore,
our aim was to examine whether FMT continued to
demonstrate efficacy despite this wider range of donors
and patients, to investigate FMT-dependent variables,
and to examine the efficacy of individual FMT routes.

capsules was the same as that described in our previous
[6,23]
reports
.

Participants

All patients aged 10 to 92 years who were treated with
FMT for refractory, recurrent, or severe CDI in all five
centers were included. Donor selection, FMT procedure
and patient follow-up were the same as those described
[20]
in our earlier report , and they were carried out
[24]
according to practice guidelines . Capsule FMT was
administrated following practice guidelines as reported
[6,7]
elsewhere .

MATERIALS AND METHODS
Study design and settings

Variables

This multi-center retrospective study included all
the patients who were treated with FMT for CDI in
Israel between January 2013 and October 2017. The
participating medical centers were the Tel Aviv Medical
Center (TLVMC), Tel Aviv; Shaare Zedek Medical
Center (SZMC) and Hadassah Medical Center (HMC),
Jerusalem; Assaf Harofe Medical Center (AHMC),
Zerifin; and Kaplan Medical Center (KMC), Rehovot. All
the patients or their legal surrogates provided written
informed consent. The study was approved by the
ethics committees of each medical center. Patients were
followed routinely at 48 h, 7 d, 2 mo, and 6 mo after
the procedure for the assessment of side effects and
treatment outcome.
Following the Society for Healthcare Epidemiology of
America (SHEA) and the Infectious Diseases Society of
[21]
America (IDSA) practice guidelines , CDI was defined
as diarrhea (≥ 3 unformed stools per day) and a stool
test that was positive for Clostridium difficile antigen and
its toxins by either an ELISA (immunocheck™) or by PCR
if the glutamate dehydrogenase antigen was positive
[22]
and the toxin assessment was negative . Recurrence
was defined as another episode occurring within the
8 wk following the previous treatment. Refractory CDI
was defined as disease that did not respond to medical
therapy. Severe disease was defined by leukocytosis ≥
15000 cells/μL and/or a serum creatinine level ≥ 1.5
[21]
times the premorbid level . Initial response to FMT was
defined as fewer than 3 liquid stools per day within the
7 d following FMT, and cure was defined as at least 2 mo
free of CDI-related diarrhea post-FMT.

The primary outcome was FMT success (at least 2 mo
free of CDI-related diarrhea post-FMT). Secondary
outcomes included initial response to FMT (see above)
and recurrence at 6 mo. The key variables were age,
Charlson comorbidity score, and the risk factors for CDI
in the 3 mo preceding the infection (hospitalization,
exposure to antibiotics, IBD and chemotherapy).

Data sources

Clinical data were obtained from medical records, and
they included epidemiologic information, risk factors
[25]
for CDI, the Charlson comorbidity score , and followup information up to 6 months post-FMT. Patients were
excluded if FMT was indicated for an etiology other than
CDI or if follow-up was incomplete.

Statistical analysis

All continuous variables were displayed as mean
[standard deviation (SD)] or median [interquartile
range (IQR)], while categorical variables were displayed
as number (percent) of patients within each group.
Continuous variables were analyzed by the Student t
test for normally distributed variables and by the MannWhitney U test and the Kruskal-Wallis test for non2
normally distributed variables. We used the χ test
to assess associations among categorical variables.
Statistical significance is expressed as P ≤ 0.05 or P
≤ 0.01. Multivariate logistic regression analysis was
used to test the association between patient and FMT
characteristics and successful FMT while controlling
for potential confounders. The SPSS 22.0 statistical
package was used to perform all statistical analyses
(SSPS Inc., Chicago, IL, United States).

Donor stool preparation

The donor stool was delivered to the institution within
a few hours of evacuation in a clean closed plastic
container. It was immediately diluted with sterile saline
(NaCl 0.9%) and blended into a homogenous liquid.
The liquid was then filtered to remove particulate
matter. Stool donations were processed and kept frozen
at -80 ℃ until use at TLVMC or AHMC, while a fresh
donor stool was delivered to SZMC or HMC on the day
of FMT for processing and transplantation. KMC used
both frozen and fresh donor stools. The preparation of
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RESULTS
Participants

A total of 113 CDI patients were treated with FMT in
five Israeli medical centers. Two patients were excluded
due to insufficient follow-up. The median age of the
111 participating patients was 70 years (IQR: 53-82),
47 (42%) of them were males, and the median 1-year
Charlson comorbidity score for the cohort was 6 (IQR:
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Table 1 Study population characteristics according to fecal microbiota implantation route
Overall
Patients
Male gender
Age, median (IQR)
Charlson comorbidity
score, median
CDI risk factors
Prior hospitalization
Prior antibiotics use
PPI usage
Chemotherapy
IBD
Previous CDI episode,
median
Prior therapy
Metronidazole
Vancomycin
Combination
Severe CDI
Indication
Refractory
Recurrent
Outpatient

Upper GI

1

Lower GI

P value

Capsules

n (valid)

% (IQR)

n

% (IQR)

n

% (IQR)

n

% (IQR)

111
47 (111)
70 (111)
6 (81)

100
42
(53-82)
3-7

24
16
68
5.5

222
673
(51-86)
(3-7.25)

50
19
78
6

45
38
(61-83)
(1.75-7.5)

37
12
68
5

33
32
(45-75)
(2-7)

0.114
0.734

80 (111)
66 (108)
37 (110)
19 (111)
20 (111)
2 (107)

72
59
33
17
18
(2-3)

18
15
8
4
5
2

753
633
333
173
213
(1-3)

26
15
14
3
7
2

52
30
28
6
14
(1-3)

36
36
15
12
8
3

97
97
41
32
22
(2-4)

< 0.01
0.012
0.470
0.005
0.606
0.275

89 (110)
109 (110)
31 (110)
20 (111)

80
98
28
18

17
24
10
8

713
1003
423
33.33

41
48
15
10

82
96
30
20

31
37
6
2

84
100
16
5.40

0.365
0.534
0.099
0.019

29 (111)
82 (111)
78 (111)

26
74
70

6
18
12

253
753
503

19
31
36

38
62
72

4
33
30

11
89
81

0.017
0.032

1

Upper GI: Gastroscopy, nasogastric tube or through percutaneous endoscopic gastrostomy; 2Percentages refer to the total number of subjects in the cohort;
Percentages refer to the number of subjects in the specific group. CDI: Clostridium difficile infection; IBD: Inflammatory bowel diseases; PPI: Proton pump
inhibitor; GI: Gastrointestinal; FMT: Fecal microbiota implantation; IQR: Interquartile range; Prior hospitalization: Hospitalization in the 3 mo prior to the
FMT; Prior antibiotics: Antibiotics use in the 3 mo prior to the FMT.
3

LGI, and 92% capsules, P = 0.338). Ninety-nine
patients were followed-up 6 mo after FMT initiation (11
patients died, and one had not reached this endpoint
by study closure). Sixteen of them (16.2%) had a
recurrence of CDI: 3 in the UGI group (15.8% of the
UGI group), 5 in the LGI group (11.4%), and 8 (22.2%)
in the capsule group (P = 0.141) (Figure 1 and Table
2). Four patients required multiple FMT infusions due
to recurrence: 3 underwent a second FMT infusion (of
which 2 were via colonoscopy and 1 was via capsules)
and one patient had 3 FMTs (all via colonoscopy).
Only 2 had a successful FMT (1 via capsules and 1 via
colonoscopy).
We further divided the cohort based on FMT
success and achievement/non-achievement of clinical
remission (Table 3). The 97 patients who experienced
clinical remission were more likely to have undergone
an ambulatory FMT (92.3% compared with 73.8%
hospitalized patients, P < 0.05), were less likely to
have a severe form of disease (14% compared with
44% of the treatment failure group, P = 0.01), and
had a lower Charlson comorbidity score (average 4.82
± 3.2 compared with 6.6 ± 2.3, mean difference 1.78,
95%CI: 0.02-3.55, P < 0.05). In addition, patients who
had a successful FMT tended to be younger (mean age
63.2 ± 22.4 years compared with 73.7 ± 12.1 years;
95%CI: -1.61 to 22.6, P = 0.09). Finally, more patients
in the FMT failure group died during the study period
(37.5% vs 6.2% for the treatment success groups, P <
0.001) (Figure 2 and Table 3). Frozen stool was used in

3-7 points; expected one-year survival of 79% ± 9%).

Descriptive data

The risk factors for CDI in the 3 mo preceding the
infection included hospitalization (80 patients, 72%),
exposure to antibiotics (65 patients, 59%), IBD (20
patients, 18%) and chemotherapy (19 patients, 17%).
The patients’ demographics, epidemiological data, and
risk factors for CDI are summarized in Table 1.
Seventy-eight (70%) of the FMT procedures
were performed in an ambulatory setting. FMT was
performed through the lower GI route (LGI; only by
colonoscopy) in 50 patients (45%), followed by capsules
in 37 patients (33%), and through the upper GI route
(UGI; gastroscopy, nasogastric tube or through their
percutaneous endoscopic gastrostomy) in 24 patients
(22%). The median age of the patients in the LGI group
was 78 years (IQR: 61-83), which was significantly older
than the median age of 68 years for the capsules group
(IQR: 45-75) (P < 0.05). Twenty (18%) patients had
severe CDI infection: they included 8 of the 24 patients
(33.3%) who received FMT via the UGI route compared
with 10 of the 50 patients [20% who received FMT via
the LGI route (P = 0.21) and 5.4% (2/37) who received
FMT via capsules (P = 0.004)].

Outcome data and main results

Successful FMT is more likely in ambulatory
patients with milder CDI: A total of 97 (87.4%)
patients achieved clinical remission (79% UGI, 88%

WJG|https://www.wjgnet.com

5406

December 21, 2018|Volume 24|Issue 47|

Greenberg SA et al . FMT in Israel
Table 2 Fecal microbiota implantation outcome and patients’ follow-up
Overall

n (valid)
Patients
Response within 7 d
Days to response, median
No. of patients in follow-up
at 6 mo5
Recurrence at 6 mo
Total death
Death - unrelated
Death - CDI-related
No. of adverse events
Success4

Upper GI

%/IQR

P value

Capsules

%/IQR

n

%/IQR

n

%/IQR

222
713
1-3
793

50
42
1
44

45
84
0-2
88

37
34
2
36

33
92
2-3
97

15.83
213
803
203
43
793

5
6
2
4
14
44

11.40
12
33
66
28
88

8
0
0
0
4
34

22.20
0
0
0
11
92

111 (111)
94 (111)
2 (111)
99 (99)

84.7
1-2
89.22

24
17
2
19

16 (99)
11 (111)
6 (11)
3 (11)
19 (107)
97 (111)

16.22
9.92
5.42
2.72
17.12
87.42

3
5
4
1
1
19

2

Lower GI

n

0.198
0.069

0.141
0.023

0.006
0.338

1

Upper GI: Gastroscopy, nasogastric tube or through percutaneous endoscopic gastrostomy; 2Percentages refer to the total number of subjects in the cohort;
Percentages refer to the number of subjects in the specific group; 4Success: diarrhea-free two months post-fecal microbiota implantation; 5Eleven patients
died before this endpoint, and one had not yet reached it at study closure. Patients who died before this endpoint from a reason other than Clostridium
difficile infection (CDI) and were diarrhea-free were regarded as success, while patients who died before this endpoint from their CDI were considered as
failures. CDI: Clostridium difficile infection; IQR: Interquartile range; GI: Gastrointestinal.
3

100

B

P = 0.34

100
80

60

60

P = 0.14

%

80

%

A

40

40

20

20

0

0
Upper GI

Lower GI

Capsules

Upper GI

Lower GI

Capsules

Figure 1 Comparison of success and recurrence rates of Clostridium difficile infection fecal microbiota transplantation treatment according route of
administration. Fecal microbiota transplantation (FMT) was performed in recurrent Clostridium difficile infection (CDI) patients through upper gastrointestinal
(GI) (n = 24), lower GI (n = 50) or capsules (n = 37). Success rates at 2 mo (A) and recurrence rates (B) at 6 mo post-FMT were similar between the groups. GI:
Gastrointestinal.

91 of all the patients in the cohort, with slightly higher
success rates than those obtained by fresh stool (89%
vs 80%, P = 0.272).
The multivariance analysis revealed severe disease
and inpatient status as being independently inversely
related to FMT success, with odd ratios (ORs) of 0.14 (P
< 0.05) and 0.19 (P < 0.05), respectively (Table 4). The
Charlson score did not affect FMT success or failure.

performed significantly earlier after diagnosis among
the older patients compared to the younger ones (within
102 ± 112 d compared to 198 ± 279 d, respectively, P
= 0.024). The elderly were less likely to be treated as
outpatients (63% vs 86%, P < 0.05) and less likely to
receive corticosteroids (10.5% vs 26%, P < 0.05). No
patient in the younger group died during the follow-up
period (Table 5).

Other analysis

Adverse effects: Peri-procedural side effects were
recorded in 19 patients. They were mild and self-limiting
in 17 of them, and included abdominal discomfort,
constipation, nausea/vomiting, flatulence and decreased
appetite. Most of these effects occurred in patients
who underwent colonoscopy [14 (28%) compared
with 4 (11%) for capsules, and 1 (4%) for UGI routes,
P < 0.01]. There were 2 cases of post-endoscopy
aspirations, one involving a patient with severe CDI who
had an aspiration after FMT via colonoscopy and died
from sepsis 12 d post-FMT, and the other involving a

IBD is prevalent among young FMT patients: We
next divided the cohort into one group of those below
60 years of age (mean 37.2 ± 14.7 years) and another
group above 60 years of age (mean 77.1 ± 8.9 years,
mean difference 39.8, 95%CI: 35.3-44.3, P < 0.001)
(Table 5). The success rates were slightly higher in the
former group, but this difference did not reach a level
of significance. Forty percent (14/35) of the patients
younger than 60 years of age had IBD compared to only
7.9% (6/76) of the older group (P < 0.001). FMT was
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Table 3 Fecal microbiota implantation success and failure
Valid
Patients
Male gender
Ambulatory
Hospitalized
CDI risk factors
Prior hospitalization
Antibiotics use
PPI usage
Chemotherapy
IBD
Steroid usage
Fever
Severe disease
Death
Adverse events
Route: Lower GI FMT
Upper GI FMT1
Capsules FMT
Frozen stool
Fresh stool
0-1 Previous CDI
2+ previous CDI
Indication
Refractory
Recurrent
Prior therapy
Metronidazole
Vancomycin
Combination
Age (yr)
Charlson comorbidity score
Previous CDI episodes (n)
Time from 1st CDI (d)
Creatinine (mgl/dL)
Albumin (mg/L)
WBC (103/dL)

No.

Success

P value

Failure

Number

%

Number

%

111
111
111
111

111
47
78
33

97
40
72
25

87.42
41.23
92.32
75.82

14
7
6
8

12.6
50.0
7.7
24.2

111
108
110
111
111
111
76
111
111
107
111
111
111
111
111
107
107

80
89
37
19
20
17
21
20
11
19
50
24
37
91
20
24
83

68
77
32
17
18
13
19
14
6
15
45
19
34
81
16
23
72

70.13
81.13
33.33
17.53
18.63
13.43
27.93
14.43
6.23
16.03
88.02
79.22
91.92
89.02
80.02
24.23
74.23

12
12
5
2
2
4
2
6
5
4
5
5
3
10
4
1
11

85.7
92.3
35.7
14.3
14.3
28.6
25.0
42.9
37.5
30.8
12.0
20.8
8.1
11.0
20.0
8.3
78.6

111
111

29
82

25
72

86.22
87.82

4
10

13.8
12.2

110
110
109
Valid
111
81
107
89
76
54
76

89
109
31

80
95
27
Mean
63.2
4.82
2.47
140.4
1.37
3.32
13.6

83.33
99.03
28.13
SD
22.4
3.18
1.7
200.8
1.2
0.8
18.7

9
14
4
Mean
73.7
6.6
2.38
108.56
2.19
2.76
15.6

64.3
100.0
30.8
SD
12.1
2.32
0.9
120.3
2.6
0.5
10.4

0.535
0.016

0.224
0.318
0.86
0.764
0.698
0.141
0.86
0.01
0.001
0.19
0.338

0.272
0.214
0.824

0.09
0.701
0.843
Sigma
0.089
0.048
0.864
0.643
0.098
0.053
0.756

1

Upper GI: Gastroscopy, nasogastric tube or through percutaneous endoscopic gastrostomy; 2Percentages referral is the total number of subjects in the
cohort; 3Percentages referral is the number of subjects in the specific group. CDI: Clostridium difficile infection; IBD: Inflammatory bowel diseases; PPI:
Proton pump inhibitor; GI: Gastrointestinal; FMT: Fecal microbiota implantation; IQR: Interquartile range; WBC: White blood cells; Prior hospitalization:
Hospitalization during the 3 mo prior to the FMT; Prior hospitalization: Antibiotics use in the 3 mo prior to the FMT.

cohort who did not survive are compared to the rest
of the cohort in Table 6. They were much older (84.0
± 5.8 years compared with 62.4 ± 21.6 years, mean
difference 21.6 years, 95%CI: 8.6-34.7, P < 0.001),
had higher Charlson comorbidity index scores (8.0 ±
2.4 compared with 4.57 ± 2.98, mean difference 3.42,
95%CI: 1.54-5.31, P = 0.001), and had fewer episodes
of CDI (average of 1.45 ± 1.4 compared with 2.57 ± 1.6,
mean difference 1.1, 95%CI: 0.1-2.1, P < 0.05). None
of the deceased had undergone FMT via capsules, and
only one was performed on an ambulatory basis. All 11
deceased patients were hospitalized at least once within
the 3 months prior to undergoing the FMT procedure.
The CDI of 6 of the deceased patients had improved
significantly, and they died from causes unrelated to
either CDI or to the FMT procedure itself. The other
5 showed no clinical response to FMT and they died
shortly after undergoing it, with continuing deterioration

Table 4 Multivariate analysis of the association between
patient characteristics and a successful fecal microbiota
implantation procedure
Patient characteristics

OR (95%CI)

P value

Hospitalized patient
Severe disease
Charlson score categories

0.19 (0.04-0.86)
0.14 (0.02-0.76)
0.82 (0.38-1.76)

0.032
0.023
0.622

Adjusted to previous hospitalization, metronidazole treatment prior
to fecal microbiota implantation (FMT), previous Clostridium difficile
infection (CDI), recurrent CDI, inflammatory bowel diseases, route of
administration, stool preparation method (fresh/frozen) and FMT dosage.

severely ill patient who was hospitalized in the intensive
care unit (ICU) due to fulminant CDI, with distended
colon and increased intra-abdominal pressure.
Mortality: The characteristics of the 11 patients in our
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Table 5 Comparison of patients’ characteristics by age
Valid

No.

Below 60 yr

P value

Above 60 yr

Number

%

Number

%

Patients
Male gender
Ambulatory
CDI risk factors
Prior hospitalization
Antibiotics use
PPI usage
Chemotherapy
IBD
Steroid usage
Fever
Severe
Route
Lower GI
Upper GI1
Capsules
0-1 Previous CDI
2+ previous CDI
Indication
Refractory
Recurrent
Prior therapy
Metronidazole
Vancomycin
Combination
Outcomes
Success
Recurrence by 6 m
Death
Adverse events

111
111
111

111
47
78

35
15
30

31.52
42.93
85.73

76
32
48

68.5
42.1
63.2

0.941
0.011

111
108
110
111
111
111
76
111

80
89
37
19
20
17
21
20

22
28
9
7
14
9
7
3

62.93
80.03
25.73
20.03
40.03
25.73
35.03
8.63

58
61
28
12
6
8
14
17

76.3
83.6
37.3
15.8
7.9
10.5
25.0
22.4

0.142
0.649
0.230
0.584
0.000
0.039
0.391
0.079

111
111
111
107
107

50
24
37
24
83

12
8
15
8
27

34.33
22.93
42.93
22.93
77.13

38
16
22
16
56

50.0
21.1
28.9
22.2
77.8

0.254

111
111

29
82

8
27

22.93
77.13

21
55

27.6
72.4

110
109
109

98
109
31

29
35
12

82.93
100.03
34.33

69
74
19

80.0
98.7
25.7

0.722
0.493
0.352

111
99
111
107

97
16
11
19

Age (yr)
Charlson comorbidity score
Previous CDI episodes (n)
Time from 1st CDI (d)
Creatinine (mg/dL)
Albumin (mg/L)
WBC (103/dL)

111
81
107
89
76
54
76

33
7
0
5
Mean
37.26
1.29
2.63
198.75
0.91
3.51
11.33

94.33
203
03
14.33
SD
14.72
1.95
1.9
279.04
0.51
0.99
90.36

64
9
11
14
Mean
77.07
6.35
2.38
102.68
1.67
3.17
14.78

84.2
14.1
100.0
19.4
SD
8.9
2.3
1.51
112.19
1.63
0.69
19.86

0.137
0.443
0.018
0.512
Sigma
0.000
0.000
0.455
0.024
0.051
0.153
0.468

0.941

1

Upper GI: Gastroscopy, nasogastric tube or through percutaneous endoscopic gastrostomy; 2Percentages refer to the total number of subjects in the cohort;
Percentages refer to the number of subjects in the specific group. CDI: Clostridium difficile infection; IBD: Inflammatory bowel diseases; PPI: Proton pump
inhibitor; GI: Gastrointestinal; FMT: Fecal microbiota implantation; IQR: Inter quartile range; WBC: White blood cells; Prior hospitalization: Hospitalization
in the 3 mo prior to the FMT; Prior hospitalization: Antibiotics use in the 3 mo prior to the FMT.
3

of their general clinical condition.

capsules and LGI routes over the UGI route although
not to a level of statistical significance. Nevertheless,
capsules-treated patients had the highest recurrence
rates (22% at 6 mo), again not reaching a level of
statistical significance. These results can be interpreted
in several ways. First, there were higher rates of severe
CDI within the UGI group compared with the 2 other
groups (Figure 1 and Table 1). Second, previous reports
showed lower success rates for the UGI route compared
with LGI: one systematic review of 325 cases of FMT
for CDI suggested a lower success rate for upper gut
administration (76%) compared with colonoscopy
[17]
(89%) and enema (95%) administration , while
[19]
Kassam et al
reported a trend for higher resolution
rates through the LGI route compared with the UGI
route. Cure from CDI was associated with a milder
disease and undergoing treatment in an outpatient

DISCUSSION
Key results and interpretation

In this multi-center cohort study, we described the
real-world experience of FMT procedures for CDI in a
heterogeneous national Israeli population during the 5
years since the procedure was approved. We examined
the distribution of the various techniques, routes and
success rates in 111 FMT procedures.
There was an 85% response to treatment within
the first 7 d post-FMT, and the success rates rose to
88% at 2 mo. These rates are compatible with reports
[5,7-9,12,15-19]
and reviews of others
. Comparison of the
3 usual methods of FMT administration, UGI, LGI
and capsules, revealed a higher success rates for the
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Table 6 Mortality
Valid
Patients
Male gender
Ambulatory
CDI risk factors
Prior hospitalization
Antibiotics use
PPI usage
Chemotherapy
IBD
Steroid usage
Fever
Severe
Adverse events
Route
Lower GI
Upper GI1
Capsules
0-1 previous CDI
2+ previous CDI
Indication
Refractory
Recurrent
Prior therapy
Metronidazole
Vancomycin
Combination
Outcomes
Adverse events
Response to FMT
Age (yr)
Charlson comorbidity score
Previous CDI episodes (n)
Time from 1st CDI (d)
Creatinine (mg/dL)
Albumin (mg/L)
WBC (103/dL)

No.

Alive

P value

Dead

Number

%

Number

%

90.12
38.03
77.93

11
9
1

9.9
81.8
10.0

0.005
0.000

111
104

47
75

100
38
74

111
108
110
111
111
111
76
110
107

80
89
37
19
20
17
21
20
19

69
81
31
19
20
16
15
13
15

69.03
82.73
31.33
19.03
20.03
16.03
23.13
13.03
15.53

11
8
6
0
0
1
6
7
4

100.0
80.0
54.5
0.0
0.0
9.1
54.5
63.6
40.0

0.030
0.834
0.122
0.112
0.101
0.546
0.031
0.000
0.053

111

50
24
37
24
83

44
19
37
19
77

44.03
19.03
37.03
19.83

6
5
0
5
6

54.5
45.5
0.0
45.5

0.023

23
82

19
76

19.03
76.03

4
6

36.4
54.5

110
110
109

89
109
31

80
98
25

80.83
99.03
25.53

9
11
6

81.8
100.0
54.5

0.936
0.738
0.043

107
111

19
94

15
88
Mean
62.37
4.57
2.57
138.47
1.44
3.34
13.65

15.53
88.03
SD
21.656
2.98
1.633
197.991
1.507
0.782
18.87

4
6
Mean
84
8
1.45
110.75
1.74
2.4
15.64

40.0
54.5
SD
5.797
2.4
1.368
63.036
1.193
0.408
78.62

0.053
0.003
Sigma
0.000
0.001
0.025
0.493
0.482
0.010
0.564

107
111

111
81
107
89
76
54
76

0.053
0.306

1

Upper GI: Gastroscopy, nasogastric tube or through percutaneous endoscopic gastrostomy; 2Percentages refer to the total number of subjects in the cohort;
Percentages refer to the number of subjects in the specific group. CDI: Clostridium difficile infection; IBD: Inflammatory bowel diseases; PPI: Proton pump
inhibitor; GI: Gastrointestinal; FMT: Fecal microbiota implantation; IQR: Inter quartile range; WBC: White blood cells; Prior hospitalization: Hospitalization
within the 3 mo prior to the FMT; Prior hospitalization: Antibiotics use in the 3 mo prior to the FMT.
3

setup. Other factors, such as age, Charlson score,
albumin levels, and creatinine levels were not
significantly different between the groups, since the
study was probably underpowered to detect significant
differences in these variables. Multiple infusions were
seldom and relatively unsuccessful in our cohort (4
patients, 50% success rate), but the numbers are too
low to arrive at any conclusions and the results cannot
be compared with those of recent meta analyses which
[26,27]
showed increased success rates with multiple FMTs
.
Multivariant analysis revealed that severe CDI (OR
= 0.14, P < 0.05) and inpatient FMT (OR = 0.19, P
< 0.05) were each independently inversely related to
FMT success, while patients’ background illnesses as
reflected by the Charlson comorbidity score were not
associated with either success or failure of FMT. Similar
[28]
results were reported by Ianiro et al
in their singlecenter cohort study that showing that severe CDI
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and inadequate bowel preparation were independent
[29]
predictors of FMT failure, and by Fischer et al
in
their multi-center study, in which predictors for FMT
failure included severe or severe-complicated CDI,
inpatient status during FMT and previous CDI-related
hospitalization. Taken together, this data implies that
the severe form of CDI is less likely to be successfully
treated with FMT, and that future studies are warranted
in order to find the optimal treatment. Other factors,
including the patients’ comorbidities as determined by
the Charlson comorbidity score, did not seem to affect
the FMT outcome.
[13]
To maintain continuity with a previous report ,
we compared the outcomes of the patients below and
above 60 years of age and found that almost onethird (35/111) of the patients who underwent FMT
for treatment of CDI in Israel were below 60 years of
age (mean age 37.2 years). These patients had much
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P = 0.016
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A
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Figure 2 Comparison of fecal microbiota transplantation success rates among hospitalized and ambulatory patients. Seventy-eight patients who underwent
ambulatory fecal microbiota transplantation had a success rate of 92.3% compared with 75.8% for hospitalized patients, P = 0.016 (A). Success rates were much
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lower Charlson comorbidity scores, underwent FMT on
an ambulatory basis, and tended to have lower rates
of severe CDI. Interestingly, there were no differences
between the groups regarding hospitalizations in the 3
mo prior to the FMT. In a population-based study from
Olmested county, Minnesota, United States, communityacquired CDI accounted for 41% of CDI cases and
was characterized by a younger population with less
[30]
severe disease, which is in line with our findings . We
observed a significantly higher percentage (40%) of
IBD patients among this group compared to the older
group (8%). Interestingly, the waiting period between
the first CDI episode to undergoing FMT was longer
among the younger patients compared to the older
ones, possibly due to a delay in diagnosis or to a lower
compliance rate to undergo the procedure, as well as
a lower index of suspicion among physicians caring
for younger patients with diarrhea compared to older
ones leading to a delay in diagnosis. The higher rates of
IBD among younger patients might also contribute to
the delay in diagnosis, since diarrhea can be attributed
to illnesses, such as IBD and other GI disorders other
than CDI. Indeed, time to FMT from first CDI in IBD
patients tended to be longer compared to non-IBD
patients (207.2 and 116.9 d, respectively, P = 0.066).
Interestingly, the IBD patients in our study experienced
higher success rates than reported in the literature
[31]
(90% compared to 74.4% reported by Khoruts et al ),
although the group of IBD patients group in our study is
much smaller (n = 20) compared with theirs (n = 272),
and that might explain the difference in results.
Finally, severe CDI may be a fatal disease, especially
in elderly and frail populations. The patients in our study
group who died were much older, had significantly
higher Charlson comorbidity scores, and much higher
rates of severe CDI than the survivors. The CDIassociated diarrhea had improved significantly in 6 of
them, while the condition of the others continued to
deteriorate despite broad-spectrum antibiotic coverage
treatment and ICU support, including mechanical
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ventilation and vasopressors. None of the deaths were
attributed to the FMT procedure in any of them, which
[13,19]
correlates with previous reports
. Although an
approximately 10% mortality rate is quite high for FMT,
it represents the natural history of weakened senior
patients with multiple comorbidities in a large cohort
[19,32]
rather than the FMT itself, as reported earlier
.
Similar numbers can be found in other long follow[12]
up studies, such as the one by Brandt et al
which
reported the demise of 7 of the 77 patients in their longterm study (mean follow-up 17 mo).
Most of the adverse events were mild and selfresolving, and they included abdominal discomfort,
nausea, flatulence and constipation, which can be
attributed to the procedure itself (i.e., most of these
complications occurred in the LGI group). In addition,
they are generally self-limiting and rather common
post-colonoscopy events, occurring after up to 33% of
[33]
colonoscopies . Severe complications were recorded
for 2 patients (< 2% of the cohort) who were severely
ill in an ICU setting and each suffered post-endoscopy
aspirations.
The strength of this study is its ability to capture
real-life data from the 5 medical centers throughout
Israel that perform FMT through various routes and use
different donors with negligible differences in preparing
donors’ fecal filtrate. These are important for creating
balanced data regarding the efficacy and safety of FMT.

Limitations

There were several limitations in the present study.
Firstly, it is retrospective in design, warranting a
prospective double blind randomized placebo-controlled
study. Secondly, some of the data were collected a
posteriori and information on laboratory findings, class
of antibiotic used prior to CDI and Charlson scores of
some of the patients (especially the ambulatory ones)
were not available. Other limitations were the power
of the study and the fact that the study population
consisted only of Israeli patients.
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Generalizability

capsules, P = 0.338). Multiple FMT infusions were rare and unsuccessful.
The multi-variance analysis revealed that severe disease and inpatient status
were independently inversely related to FMT success, with an OR of 0.14 and
0.19, respectively. Patients younger than 60 years (n = 35, 32%) had higher
percentages of background inflammatory bowel disease (IBD; 14/35, 40%)
compared patients older than 60 years (6/76, 8%, P < 0.01), and waited much
longer to undergo the FMT procedure (time between diagnosis of CDI to FMT
of 102 d for the older group and 198 d for the younger group, P < 0.05). Eleven
patients who died during the study period (no death was attributed to the FMT
procedure) were much older (84 years compared with 62 years, P < 0.01), and
had higher Charlson comorbidity index scores (8 compared with 4.5, P < 0.01).

The results of this study correlate with previous works
[5,7,8,12,15-19]
regarding overall success rates
, different
[17,19]
routes of FMT administration
and predictors of
[28,29]
failure
(see above), and reflect a multi-center data
of heterogenous population from several districts in
Israel and from different stool donors, making its results
generalizable worldwide.
The corresponding author can provide complete
data upon request.
In conclusion, FMT is a safe and effective treatment
for CDI, which has been occurring in growing numbers
in both older and younger populations. While both
LGI and capsule administration of FMT seem to be
more efficient than the UGI endoscopic route, FMT via
capsules has emerged as a successful and well-tolerated
alternative. Severe CDI and inpatient status were
related to FMT failure. Prospective and well-powered
studies are needed to conclusively determine the best
route of administration, regarding patient safety, ease
of administration, side effects and costs.

Research conclusions

This is the first comprehensive description of the FMT experience in Israel since
the procedure was introduced in 2013. This study shows FMT success rates
which are similar to other reports worldwide, and provides the information about
the efficacy and safety of the procedure, with respect to different administration
routes. Predictors of FMT failure were CDI-related (severe disease and inpatient
status) but not patient-related (as reflected by the Charlson comorbidity score).
Concomitant IBD did not affect clinical outcomes. FMT through capsules was
an efficient mode of FMT administration, and emerged as being a safe and
well-tolerated alternative to endoscopy.

Research perspectives

FMT is a safe and effective treatment for CDI. The association between severe
CDI with higher FMT failure rates raises the need for the future investigation
of other approaches. FMT through capsules seems to be at least as good as
FMT by means of endoscopies and its potential as a primary route should be
investigated.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The incidence of Clostridium difficile infection (CDI) is rising, and the increase
is associated with significant morbidity and mortality rates. Fecal microbiota
transplantation (FMT) is a promising and safe treatment. FMT has been
performed in 5 medical centers in Israel since 2013, but its efficacy and safety
had not yet been assessed.
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Role of cenicriviroc in the management of nonalcoholic
fatty liver disease
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chronic liver disease in high-income countries and is
associated with increased morbidity and mortality. Macro
phages appear to play an important role in the devel
opment and progression of hepatic fibrosis in patients
with NAFLD. Accordingly, modulation of macrophage
trafficking might represent an attractive therapeutic stra
tegy in this population. Cenicriviroc is an oral inhibitor
of the chemokine ligand 2/C-C chemokine receptor 2
pathway, which plays an important role in the hepatic
recruitment of the macrophages. Preclinical studies and a
phase 2b study in humans suggest that this agent might
hold promise in the management of NAFLD.
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Core tip: Macrophages appear to play an important role
in the development and progression of hepatic fibrosis
in patients with nonalcoholic fatty liver disease (NAFLD).
Accordingly, modulation of macrophage trafficking might
represent an attractive therapeutic strategy in this popu
lation. Cenicriviroc is an oral inhibitor of the chemokine
ligand 2/C-C chemokine receptor 2 pathway, which
plays an important role in the hepatic recruitment of the
macrophages. Preclinical studies and a phase 2b study in
humans suggest that this agent might hold promise in the
management of NAFLD.
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Abstract

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the commonest

The prevalence of nonalcoholic fatty liver disease (NAFLD)
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Cenicriviroc

Kupffer cells

Inhibition

Hepatic
stellate cells

CCL-2/CCR2
pathway
Recruitment

pathogenesis of liver fibrosis, targeting these cells might
represent a promising approach in the management of
[6]
NAFLD. Krenkel et al recently reported an increased
+
number of CCR2 macrophages in patients with NASH
and either advanced fibrosis (stage 3) or cirrhosis (stage
4). It was also shown that cenicriviroc (CVC), an oral
CCR2/CCR5 antagonist, prevents macrophage trafficking
+
and hepatic infiltration by CCR2 MoMFs and might there
fore be useful in the prevention and/or resolution of hepa
[6]
tic fibrosis in patients with NAFLD .
Several animal studies evaluated the antifibrotic
[7]
potential of CVC. Kruger et al administered CVC 10
mg/(kg•d) or 30 mg/(kg•d) for 4 wk and 20 mg/(kg•d)
or 30 mg/(kg•d) for 14 wk in mice fed with a cholinedeficient, L-amino acid- defined, high-fat diet (CDAHFD).
A second group of mice was fed with standard chow
and did not receive CVC. At 4 and 14 wk, livers were
harvested for histology and flow cytometric analyses of
intrahepatic cells. Serum alanine transaminase (ALT)
and aspartate transaminase (AST) levels were normal in
the standard chow group but were elevated in CDAHFDfed, untreated control mice. In contrast, the CDAHFDfed mice that were treated with CVBC 10 mg/(kg•d) and
30 mg/(kg•d) for 4 wk experienced a reduction in ALT
levels. Moreover, after 4 wk of high-dose CVC treatment,
a significant decrease in the number of intrahepatic
high
macrophages was observed relative to the
Ly6-C
+
vehicle control. The intrahepatic CCR2 macrophages
also decreased with 4 wk of CVC treatment whereas
+
CCR5 macrophages were not affected. Therefore, CVC
appears to have greater affinity for CCR2 than for CCR5
[7]
in mice. Kruger et al also noticed a significant decrease
in hepatic fibrosis in mice that received high-dose CVC
treatment for 14 wk compared with vehicle controls.
In another study, CVC reduced monocyte/macrophage
recruitment at doses > 20 mg/(kg•d) in a mouse model
[8]
of thiaglycalate-induced peritonitis . At these doses,
CVC also prevented hepatic fibrosis in a rat model of
thioacetamide-induced liver fibrosis and in a mouse
model of diet-induced NASH. A reduction in NAFLD
activity score (NAS) and in plasma ALT levels was also
[8]
observed with CVC treatment . In another animal model
of carbon tetrachloride-induced acute liver injury, mice
received CVC or a vehicle control solution orally before
the administration of carbon tetrachloride and after 12 h
[9]
and 24 h . CVC treatment reduced the number of F4/80
positive macrophages in the liver, particularly in the
periportal and necrotic areas. Reductions in ALT levels
[9]
and in the necrotic area at 36 h were also observed .
Recently, the results of the CENTAUR study were
[10]
published . This was a phase 2b, double-blind, placebocontrolled, multinational study that randomized 289
patients with NASH, NAS ≥ 4 with ≥ 1 in each compo
nent and stage 1-3 liver fibrosis to receive CVC 150 mg
per os once daily or placebo. After 1 year of treatment,
the primary endpoint (≥ 2-point improvement in NAS
with ≥ 1-point reduction in either lobular inflammation
or hepatocellular ballooning and no worsening of fibro
sis) in the intent-to-treat population was achieved in
a similar proportion of subjects on CVC and placebo

TGFβ
PDGF
Activation

MMPs → resolution

Hepatic
fibrosis

hi

Ly-6C monocytederived macrophages

TGFβ → activation

low

Ly-6C monocytederived macrophages

MMPs → resolution

Figure 1 Molecular pathway through which cenicriviroc acts. TGFβ:
Transforming growth factor β; PDGF: Platelet-derived growth factor; MMPs:
Matrix metalloproteinases; CCL-2/CCR2: Chemokine (C-C motif) ligand 2/ C-C
chemokine receptor 2.

is increasing worldwide and NAFLD has become the
most predominant liver disease in Western countries
due to the pandemic of obesity, metabolic syndrome
[1]
and type 2 diabetes . The histopathological spectrum
of NAFLD ranges from isolated steatosis to nonalcoholic
steatohepatitis (NASH) and cirrhosis, and NAFLD is asso
ciated with increased risk for hepatocellular carcinoma
[2]
(HCC) .
The mainstay of treatment of NAFLD is weight loss
[2]
through diet and exercise . However, many patients
[2]
cannot achieve or sustain weight loss . Accordingly,
pharmacotherapy is required in a considerable propor
tion of patients with NAFLD, particularly those with ad
vanced fibrosis, who are at higher risk for liver-related
[2,3]
complications .
Hepatic macrophages play an important role in
[4,5]
the pathogenesis of acute and chronic liver injury .
Hepatic macrophages are a heterogenous population,
consisting of Kupffer cells (KCs) and monocyte-derived
macrophages (MoMF), which are recruited from the
[4,5]
circulation to the liver . KCs activate hepatic stellate
cells (HSCs) through the production of pro-fibrotic cyto
kines transforming growth factor β (TGFβ) and platelet[4,5]
derived growth factor (PDGF) . On the other hand,
KCs also secrete matrix metalloproteinases (MMPs),
[4,5]
resulting in resolution of fibrosis . Therefore, hepatic
macrophages appear to exert both pro- and anti-fibrotic
[4,5]
hi
functions . In cases of hepatic injury, Ly-6C monocytes
differentiate into proinflammatory macrophages, which
interact with HSCs to promote fibrosis through the
[4,5]
production of TGFβ . The chemokine (C-C motif) ligand
(CCL) 2/C-C chemokine receptor 2 (CCR2) pathway
plays an important role in the hepatic recruitment of the
hi
[4,5]
Ly-6C monocytes . On the other hand, a recent study
showed that phagocytosis of cellular debris facilitates
hi
a phenotypic switch from Ly-6C macrophages to Lylow
[4,5]
low
6C macrophages . The Ly-6C monocyte is the
[4,5]
main source of MMPs and promotes fibrosis resolution
(Figure 1).

CENICRIVIROC IN NAFLD
Given the important role of hepatic macrophages in the
WJG|https://www.wjgnet.com
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(16% vs 19%, respectively; P = 0.52). Resolution of
steatohepatitis and no worsening of fibrosis, a key secon
dary outcome, was also observed in similar rates in the
2 groups (8% vs 6%, respectively; P = 0.49). However,
improvement in fibrosis by ≥ 1 stage and no worsening
of steatohepatitis, another key secondary outcome, was
observed in more patients on CVC than placebo (20%
vs 10%, respectively; P = 0.02). Patients with higher
NAS, prominent hepatocellular ballooning, higher fibrosis
stage, mild or no portal inflammation and with higher
body mass index showed greater improvements with
CVC treatment. The levels of biomarkers of systemic
inflammation (high-sensitivity C-reactive protein, inter
leukin-6 and 1β, and fibrinogen) and of monocyte acti
vation (sCD14) decreased in patients treated with CVC.
On the other hand, CCL-2 and -4 increased in CVCtreated patients, confirming CCR2 and CCR5 blockade
by CVC. Importantly, safety and tolerability of CVC were
[10]
comparable to placebo . AURORA, a phase Ⅲ study, will
evaluate the effects of CVC on hepatic fibrosis in 2000
patients with NASH and is expected to be completed in
[11]
2019 .

3

4
5
6

7

8

CONCLUSION
Cenicriviroc appears to represent a promising tool in
the management of patients with NAFLD. However,
larger studies are needed to clearly define the safety
and efficacy of this novel agent in this highly prevalent
disease.

9

10
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Abstract
Therapeutic options for the treatment of colorectal cancer
(CRC) are diverse but still not always satisfying. Recent
success of immune checkpoint inhibition treatment for
the subgroup of CRC patients suffering from hypermutated tumors suggests a permanent role of immune
therapy in the clinical management of CRC. Substantial
improvement in treatment outcome could be achieved
by development of efficient patient-individual CRC
vaccination strategies. This mini-review summarizes
the current knowledge on the two general classes of
targets: tumor-associated antigens (TAAs) and tumorspecific antigens. TAAs like carcinoembryonic antigen
and melanoma associated antigen are present in and
shared by a subgroup of patients and a variety of clinical
studies examined the efficacy of different TAA-derived
peptide vaccines. Combinations of several TAAs as the
next step and the development of personalized TAA-based
peptide vaccines are discussed. Improvements of peptidebased vaccines achievable by adjuvants and immunestimulatory chemotherapeutics are highlighted. Finally,
we sum up clinical studies using tumor-specific antigens
- in CRC almost exclusively neoantigens - which revealed
promising results; particularly no severe adverse events
were reported so far. Critical progress for clinical outcomes
can be expected by individualizing neoantigen-based
peptide vaccines and combining them with immunestimulatory chemotherapeutics and immune checkpoint
inhibitors. In light of these data and latest developments,
truly personalized neoantigen-based peptide vaccines
can be expected to fulfill modern precision medicine’s
requirements and will manifest as treatment pillar for rou
tine clinical management of CRC.
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Carcinoembryonic antigen

Key words: Cancer vaccines; Colorectal neoplasm;
Immunotherapy; Neoplasm antigen; tumor-associated
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One of the first TAAs ever identified was the carcino
embryonic antigen (CEA) which is also overexpressed in
[1]
CRC . In initial in vitro experiments, it could be proven
that CEA-derived peptide-loaded dendritic cells (DCs)
are able to induce CEA-specific cytotoxic T lymphocyte
[2]
(CTL) activity . However, a CEA-derived peptide with
low avidity led to an inefficient immune response lacking
[3]
activated CTLs . The explanation for such inefficient T
cell activation lies in the fact that TAAs like CEA are not
really cancer specific but are also expressed by normal
epithelial cells. Therefore, the organism must, for the
most part, be tolerant to such TAAs in order to prevent
autoimmunity.
Consequently, different approaches for modifying
CEA vaccines were developed to overcome or weaken
this immune tolerance. Using an altered peptide ligand
of CEA with higher HLA binding affinity could efficiently
[4]
activate specific CTLs in vitro . Another way to enhance
specific T cell activation was the development of DNA
vaccines encoding the CEA-derived peptide(s) together
with sequences for stimulating cytokines, adjuvants or
supportive T helper cell epitopes. In murine models,
this kind of vaccine showed higher T cell activation in
[5,6]
comparison to peptide-only vaccines . However, in
clinical trials, the efficacy of CEA peptide vaccines was
overall not satisfying, clinical response rate did not
[7-10]
exceed 17 %
.

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

Core tip: Peptide vaccines are a promising tool for colo
rectal cancer (CRC) treatment. Direct comparison of
tumor-associated antigens (TAAs) and neoantigens re
veals clear superiority of the latter for several reasons.
TAAs, albeit easier to identify and even shared by many
patients, did not prove effective in clinical trials. Addi
tionally, and due to their unspecificity, they frequently
trigger severe adverse events. This risk is neglectable
for tumor-specific neoantigens - thus compensating for
the costly and laborious identification of such antigens
expressed in individual patient tumors. Intelligent modern
CRC vaccines will likely combine several or even many
individual neoantigen-derived peptides with immunochemotherapy, adjuvants or further immuno-modulators.
Wagner S, Mullins CS, Linnebacher M. Colorectal cancer
vaccines: Tumor-associated antigens vs neoantigens. World J
Gastroenterol 2018; 24(48): 5418-5432
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5418.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5418

Melanoma associated antigen

INTRODUCTION

The melanoma associated antigen (MAGE), first dis
covered in melanomas, belongs to the group of cancer/
testis antigens. This subgroup of TAAs is expressed
only in testis and cancer cells. MAGE has subsequently
been found to be expressed in the majority of adeno
carcinomas. The rate of CRCs identified as being MAGEpositive strongly varied between different studies
[11]
and MAGE variants: 14 % for MAGE-A , 51 % for
[12]
[13]
MAGE-A1-6 and 28 % for MAGE-A3 .
A clinical benefit by a MAGE-directed vaccination
therapy could be shown in a case study by Takahashi
[14]
et al . They reported that a synthesized helper/killerhybrid epitope long peptide of MAGE-A4 is able to
+
+
induce an orchestrated CD4 and CD8 immune re
sponse leading to a slightly decreased tumor growth
and resulting in stable disease. In a vaccination study
investigating different TAAs, an increase in specific
CTLs could be detected but clinical response was not ob
[15]
served .

Therapy of colorectal carcinoma (CRC) has been im
proved over the years with advanced surgical and che
motherapeutic procedures but challenges in sight of
efficiency and adverse effects must still be accomplished.
Especially late stage CRC patients still have a relatively
poor prognosis. Only recently, immunotherapy has rea
ched general clinical acceptance with the break-through
results of immune checkpoint inhibition for selected
cancer types or subgroups - also for CRC.
One approach further improving this type of CRC
therapy is the vaccination with peptides alone, peptideexpressing viruses, peptide-loaded antigen presenting
cells or application of peptide-specific T cells. Historically,
the development of such cancer vaccines started with
peptides derived from tumor-associated antigens (TAAs).

TAAs
TAAs are proteins that are significantly over-expressed
in cancer compared to normal cells and are therefore
also abundantly presented on the cancer cell’s surface.
Peptides of these TAAs bound to human leukocyte anti
gen (HLA) can be recognized by T cells initiating an anticancer immune response (Figure 1). Therefore, these
TAAs have been used as target structures for the devel
opment of cancer vaccines (see Table 1 for an overview
of CRC focused clinical studies).

WJG|https://www.wjgnet.com

Other TAAs

Progress in CRC vaccine development was made also
with a variety of other TAAs. A peptide vaccination
consisting of two different 9-mers derived from MUC-1
combined with CpG oligonucleotides and granulocyte
macrophage colony-stimulating factor (GM-CSF) as
adjuvants reduced tumor burden in a MUC1.Tg mouse
model. In the prophylactic setting, even a complete
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Tumor cell
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Level of immune escape/
checkpoint expression
APM
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Shared antigen character
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Figure 1 Comparison of tumor-associated antigens and tumor-specific antigens properties. The figure depicts properties and processing steps of antigens
which are either tumor associated (TAA; blue; left side) or tumor specific (TSA; pink; right side). The course until antigen processing includes the following steps:
transcription of genomic locus (TAA, blue) or mutation containing locus (TSA; pink), translation and RNA processing, protein degradation and MHC molecule loading
and finally presentation of the antigen (TAA or TSA) on the cell surface embedded in MHC molecules. TAA-proteins are expressed to a high level in the tumor and
to a low level in other organs and tissues (blue sprinkled patient). The neo-antigenic part of the TSA-protein is solely expressed in the tumor (pink sprinkled tumor).
Recognition of the tumor cell by T cells (Tc, e.g., CTL) takes place via the T cell receptor (TCR; green). The avidity is increased for TSAs (indicated by the “speedlines”
on the right side of the Tc). The tumor may counteract the immune recognition by expression of immune checkpoint molecules such as PD-L1 (orange). This occurs to
a much higher extent in TSA baring than in merely TAA baring tumors. The middle panel indicates the degree of T cell avidity (first bar), extent of immunogenicity/T cell
specificity (second bar), level of immune escape / checkpoint expression (third bar), shared antigen character (fourth bar), risk of side effects (fifth bar) and cost-labor
efficacy (sixth bar) ranging from low (red) to high (green). APM: Antigen-presenting machinery; TAA: Tumor-associated antigens; TCR: T cell receptor; TSA: Tumorspecific antigen.

protection against a syngeneic colon cancer cell line was
achieved and attributed to the MUC 1-specific activation
[16]
of the immune system . However, these promising
results could not be proven in clinical trials. Although an
increase in anti MUC1 IgGs could be detected, neither
[17-19]
cellular nor clinical response was observed
.
CRC patients treated with survivin-derived peptidepulsed DCs showed an increased number of specific
[20,21]
CTLs
. In a minority of patients, also a drop in level of
tumor markers and even in total tumor volume was wit
[21]
nessed .
Furthermore, success was achieved in CRC-focused
studies on vaccination with peptides obtained from
[22]
Wilms tumor 1 protein , transmembrane 4 superfamily
[23]
member 5 protein , mitotic centromere associated
[24]
[25]
kinesin and epidermal growth factor receptor .
Of note and in contrast to other tumor entities, NY[11,26,27]
ESO-1 is not overexpressed in CRC
and has
therefore not been exploited as a target for immuno

WJG|https://www.wjgnet.com

therapy.

COMBINATION OF TAAs
Single peptide vaccines often showed a significant
immune response which was, however, not accompanied
by a significant reduction of tumor burden. Thus, sub
sequent vaccination studies included more than one TAAderived peptide to ameliorate clinical response.
After the identification of the ring finger protein
[28]
43 (RNF43) as a CTL-inducing peptide , it was often
investigated in combination with other peptides. At first
[29]
Okuno et al
combined chemotherapy with a RNF43
and a 34-kDa translocase of the outer mitochondrial
membrane (TOMM34) peptide in a phaseⅠ clinical
trial which resulted in 83 % stable disease and a mean
survival time of 24 mo, but no reduction in tumor burden
was observed. The efficiency of inducing specific CTLs
by RNF43 and TOMM34 was also proven by additional
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Table 1 Clinical vaccination trials focused on colorectal cancer patients
Target
type

Target
molecule

Vaccination
strategy

TAA

CEA

Altered peptide loaded on DC

10/12

TAA
TAA

CEA
CEA

CEA peptides pulsed DC
CEA peptides pulsed DC

10
10

TAA
TAA

MAGE
MAGE

21
1

21 PD
SD

[15]
[14]

TAA

MUC1

MAGE-A-pulsed DC
synthesized helper/killer-hybrid epitope
long peptide (H/K-HELP) of MAGE-A4
MUC1-mannan fusion protein

18

2 SD, 16 PD

[17]

TAA

MUC1

100-amino acid synthetic MUC1 peptide
with Poly-ICLC

39

[18]

TAA

MUC1

9

TAA
TAA

Survivin
WT1

TAA

RNF43, TOMM34

irradiated allogeneic colorectal carcinoma
cell lines with GM-CSF-producing
bystander cell line (K562)
survivin-2B peptide
HLA-A or HLA-DR restricted peptides on
DCs
peptides,with Montanide ISA 51

20 responders
(IgG), 19 nonresponders
4 CR, 5 PD

TAA

RNF43, TOMM34

HLA-A*2402-restricted peptides

TAA
TAA +
VEGFR
TAA +
VEGFR
PPV TAA

RNF43, TOMM34
Peptides with Montanide ISA 51
RNF43, TOMM34, FOXM1, MELK, HJURP,
HLA-A2402VEGFR-1, VEGFR-2
restricted peptides with Montanide ISA 51
RNF43, TOMM34, KOC1, VEGFR-1,
HLA-A*2402-restricted peptides with
VEGFR-2
Montanide ISA 51
cypB, Ick, SART 1-3, ART4
2-4 HLA-A24-restricted Peptides matching
to patient’s pre-vaccination immune
response with Montanide ISA 51
PPV TAA
SART3, Lck, WHS, HNR, MRP3, PAP,
2-4 HLA-A24- or HLA-A2 restricted
EZH2, CEA, PSCA, UBE, Her2/neu, PSA,
Peptides matching to patient’s preCypB
vaccination immune response with
Montanide ISA 51
PPV TAA
SART2-3, Lck, MRP3, EIF4EBP, WHSC2,
2-4 HLA-A24- or HLA-A2 restricted
CypB, CEA, UBE, Her2/neu,
Peptides matching to patient’s prevaccination immune response with
Montanide ISA 51
Neoantigen
AIM2(-1), HT001(-1), TAF1B(-1)
Frameshift peptides with Montanide ISA
51

Therapy

Chemotherapy

Chemotherapy
Chemotherapy
Chemotherapy
Chemotherapy

No. of CRC
Patients

15
3

Clinical
response

Ref.

2 CR, 2 SD, 1 MR, [8]
7 PD
2 SD, 8 PD
[9]
7 had CTL increase [10]

[19]

1 MR, 3 SD, 11 PD [21]
3 SD
[22]

21

16 SD

[29]

22

13 CTL induction

[31]

24
30

6 SD, 18 PD
[30]
3 PR, 15 SD, 12 PD [32]

19

1 CR, 6 SD, 12 PD [33]

10

1 PR, 1 SD, 8 PD

[34]

Chemotherapy

7

1 SD, 6 PD

[35]

Chemotherapy

14

3 MR, 3 SD, 8 PD

[36]

22

16 immune
response (CTL/
IgG induction)
1 SD, 2 cytotoxic
activity
4 remained with
no evidence of
disease
4 SD, 34 PD

[52]

Neoantigen

KRAS

13-mer ras peptide with Detox adjuvant

10

Neoantigen

KRAS

13-mer ras peptide with Detox adjuvant

7

Neoantigen

KRAS

13-mer ras peptide with Il-2 or GM-CSF or
both

38

[62]
[64]

[66]

CRC: Colorectal cancer; CR: Complete response; CTL: Cytotoxic T lymphocyte; DC: Dendritic cell; GM-CSF: Granulocyte macrophage colony-stimulating
factor; HLA: Human leukocyte antigen; MR: Minor response; PD: Progressive disease; PR: Partial response; SD: Stable disease; CEA: Carcinoembryonic
antigen; TAA: Tumor-associated antigen.

[30,31]

studies
.
[32]
To further improve clinical response, Okuno et al
tested a seven peptide vaccine containing peptides from
RNF43, TOMM34, forkhead box M1, maternal embryonic
leucine zipper-kinase, holliday junction recognizingprotein and vascular endothelial growth factor receptor 1
and 2 (VEGFR-1 and VEGFR-2). In 9 out of 30 vaccinated
patients, a CTL response to all 7 peptides could be de
tected including two of the three partial responders of
the study. Moreover, there was a correlation between
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the number of vaccine peptide-specific CTL responses
[32]
and overall survival . Similar results were observed in
a vaccination study with peptides from RNF43, TOMM34,
VEGFR-1 and VEGFR-2 as well as insulin-like growth
[33]
factor-Ⅱ mRNA binding protein 3 .

PERSONALIZED PEPTIDE VACCINES
To further enhance the efficiency of cancer vaccines,
the next wave of trials focused on personalized pep
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tide vaccines. This personalization was achieved by
measuring existing peptide-specific CTL precursors in the
patients’ blood, as well as screening for peptide-specific
IgGs, followed by vaccination with CTL-reactive peptides.
[34]
treated 10
In a phaseⅠ clinical trial, Sato et al
CRC patients with 2-4 matching peptides derived from
cytochrom B, intestinal cell kinase, squamous cell carci
noma antigen recognized by T cells (SART)1-3 and ADPribosyltransferase 4. Peptide specific CTLs increased in
50 % of patients, peptide specific IgGs in 60 %. In half
of the patients an elevated functional CTL activity was
observed in cytotoxicity assays. In spite of this enhanced
immune response, only two patients could clinically bene
fit from vaccination and had a partial response (reduction
of metastasis’ volume) and a stable disease, respectively.
In a subsequent study, the effect of a personalized
peptide vaccine in combination with a 5-fluorouracil deri
[35]
vative was investigated . After six vaccinations, six
out of seven patients responded to at least one peptide
with increased CTL and IgG levels. But only one patient
showed stable disease. He responded to peptides derived
from SART3, Tyrosine-protein kinase Lck and Wolf-Hirsch
horn syndrome protein.
The combination of personalized peptide vaccination
and chemotherapy resulting in clinical benefit was also
proven in a further study. Hattori et al. vaccinated 14
metastatic CRC patients with up to four personal HLAmatched peptides. This was combined with a 5-fluoruracil
[36]
based standard chemotherapy . Although neither
partial nor complete responses were obtained, three
patients showed minor response, defined as a reduction
in tumor size. Furthermore, three additional patients had
stable disease. The strongest immune responses were
induced by peptides derived from SART2/3, multidrug
resistance-associated protein 3, Her2/neu, cytochrome B,
ubiquitin-conjugating enzyme E2 and CEA.
Besides, it could be proven that the number of pep
tides with increased CTL responses after vaccination
was also significantly predictive of favorable overall
[37]
survival similar to the correlation found in studies with
[32]
combinations of TAA vaccines .

of approximately 150 nonsynonymous mutations within
[39]
expressed genes .
A hyper-mutational burden is caused by a deficiency
in the mismatch repair system. This leads to replication
errors especially in regions with repetitive nucleotides
which are found in coding microsatellites. A mismatch
repair deficient tumor shows microsatellite instability
(MSI) with a huge variety of mutations. A similar or even
still higher mutational burden can be caused by a muta
tion in the catalytic subunit of DNA polymerase epsilon
(POLE) leading to hypermutation independent of MSI.
Because high neoantigen load of CRC has repeatedly
[40,41]
been correlated with improved patient survival
,
neoantigens have only recently been accepted as ideal
targets for successful immunotherapy. In addition, as
neoantigens are truly tumor-specific antigens (TSA)
only presented by cancer cells but not by normal cells,
the immune system can easily distinguish between
malignant and healthy tissue - minimizing the risk of vac
cination-induced severe adverse events (SAEs).

TGFβRII and other frameshift mutations

Studies focused on single nucleotide insertions or dele
tions in coding microsatellites and identified several
proteins frequently affected by frameshift mutations
high
in MSI
CRCs. Early a short form of the transforming
growth factor beta receptor 2 (TGFβRⅡ) was identified
as such a frameshifted and therefore truncated protein
with a role in tumor progression.
It could be proven that a 23-mer peptide derived
from frameshift mutated TGFβRⅡ is able to induce T cell
+
[42]
proliferation predominantly in CD4 T (helper) cells .
This promising result was confirmed by results from a
[43]
frameshift mutated TGFβRⅡ-derived 9-mer peptide .
But in contrast to the former study, the induced T cells
+
were predominantly CD8 and, more important, these
activated T cells were able to lyse TGFβRⅡ-mutated CRC
cells in a HLA-restricted fashion.
TGFβRⅡ-mutation-reactive T cells were also able to
decrease tumor load in a mouse model and even signifi
[44]
cantly prolong survival
underlining the potential of
frameshifted TGFβRⅡ as immunotherapeutic target.
In further studies, it was proven that peptides derived
from frameshifted caspase 5, mut-S homologue 3 and
O-linked N-acetylglucosamine transferase gene are
able to induce CTLs with cytotoxic activity against CRC
[45-47]
cells
. In another approach, an antibody response
directed against frameshifted homeobox protein CDX2
[48]
was detected in serum of a CRC patient .
There are several further candidate genes frequently
presenting with frameshift mutations in coding micro
satellites: PTHL3, HT001, AC1, ACVR2, SLC23A1, BAX,
[49]
TCF-4 and MSH3 . In addition peptides derived from
frameshift-mutated MARCKS-1, MARCKS-2, TAF1B‐
[50]
1, PCNXL2-2, TCF7L2-2, Baxα+1 as well as CREBBP,
[51]
AIM2, EP300 and TTK
have been suggested to be
taken into consideration for developing cancer vaccines
high
for MSI
CRCs as auspicious experimental and bio

NEOANTIGENS - TRULY TUMORSPECIFIC ANTIGENS
The stepwise acquisition and accumulation of mutations
has been generally recognized as major mechanism for
cancer initiation and progression. It not only leads to
enhanced or reduced expression of genes but also to the
expression of sequence-modified proteins - the so-called
neoantigens (see Figure 1). Hence, the probability of
creating neoantigens is rising simply with the number of
[38]
mutations present in a given cancer cell . But the muta
tional burden and therefore the potential of expressing
neoantigens varies clearly between different cancer
entities. The highest somatic mutation frequency of
around 10 mutations per megabase is found in cancers of
the skin, lung and colorectum resulting in the expression
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informatic data proved their importance.
In a first clinical trial, 22 CRC patients received vac
cines containing peptides of frameshifted AIM2, HT001
[52]
and TAF1B . No vaccine-related SAEs were observed
and the induced immune response was significant: all
patients responded to at least one of the peptides.

demonstrated that there are alternative splice variants
[68,69]
exclusively expressed by cancer cells
. That these
altered peptides can be presented by HLA was already
[70]
proven in a study focusing on melanoma . Therefore,
further investigation in this field of alternative splice
variants could lead to an extended range of target struc
tures for cancer vaccines.
[71]
Ditzel et al found a completely different mechanism
of neoantigen generation. They proved that the apoptotic
markers cytokeratin 8 and 18 are only proteolytically
truncated in CRC tissue but not in normal colon epithelia.
The cancer-associated forms of cytokeratin 8 and 18 are
early apoptosis markers and recognized by a human
antibody specific for a heterotypic conformational epitope.
However, this and similar epitopes can hardly serve as
target structures for T cell-specific immunotherapies.

KRAS: an example of point mutated genes

In the process of cancer development mutations resulting
in neoantigens can emerge in every coding region of the
DNA. Neoantigens caused by KRAS are one example
for point mutations in CRC. KRAS plays a major role in
intracellular signaling cascades and is found mutated in
[53,54]
more than 40 % of CRCs
. Most frequent mutations
are located at codon 12 (G12D or G12V mutation) or 13
(G13D mutation) of the KRAS gene and result in single
[55,56]
amino acid substitutions in the expressed protein
.
Early approaches could prove that peptides derived from
[57,58]
mutated KRAS can stimulate CTLs in vitro
as well as
[59,60]
[61]
in pancreatic
and colorectal cancer . A subsequent
study also investigated the cytotoxic activity of mutated
[62]
KRAS peptide-induced CTLs . Only 2 of 10 CRC patients
+
showed induction of peptide specific CD8 but in addition,
these cytotoxic T cells were able to lyse HLA-A2-positive
target cells incubated with the 10-mer mutant peptide.
Similar results were obtained in a xenograft study, where
peptide-specific T cells were able to delay the growth of
[63]
KRAS mutant pancreatic tumors .
In vaccination trials with peptides derived from
mutated KRAS, clinical benefits for patients could be
achieved. Although only two of seven CRC patients re
sponded positive to a mutated KRAS peptide vaccination,
[64]
four remained with no evidence of disease . In a case
report, one CRC patient was treated with activated T
[65]
cells recognizing G12D KRAS . After a single infusion,
all seven lung metastases regressed for 9 mo until 1
metastatic lesion progressed.
To further enhance the immunological response in
CRC patients, Rahma et al. combined the peptide vac
[66]
cination of mutated KRAS with IL-2 or GM-CSF . The
strongest immune response could be detected in the
group with GM-CSF as adjuvant; all CRC patients had an
increase in interferon producing, specifically-activated T
cells. Despite the high immune response rate, no patient
showed clinical response and disease progressed in all
cases. An increase in regulatory T cells, detectable in all
CRC patients of this group, is a likely explanation for this
negative result.

CHALLENGES FOR DEVELOPING A CRC
VACCINE
Genetic configuration and target selection

One important property for the development of a CRC
vaccine is the genetic subtype of the patient. Around 15
high
% of CRCs are MSI and provide therefore a variety of
mutations leading to neoantigens which are, as described
above, often derived from frameshift mutations. An
other form of hypermutated CRC is caused by POLE
mutations - but only 3 % of CRC patients fit into this
high
category. MSI or POLE mutations are responsible for
a high mutational burden which is regularly correlated
with increased lymphocyte infiltration into the tumors
mirroring higher pre-vaccination antitumoral activity of
the patients’ immune system. Especially the intratumoral
+
+
presence of CD8 CD45RO T cells correlates with
[72]
improved survival . A CRC vaccine could further en
hance or re-activate this anticancer activity and result in
tumor reduction.
But also CRCs without MSI or POLE mutations
show multiple genetic alterations. These immunogenic
mutations, TAAs or neoantigens, need to be identified
for vaccine development. Modern next-generation se
quencing approaches open up the possibility of easy
and fast sequencing but challenges in form of tumor
heterogeneity are still to be accomplished. The whole
mutational profile of a tumor is difficult to be depicted
and for individualized vaccine development, it has to
be considered that tumor sequencing can reveal only
mutations of a subset of cells and at the time point of
operation. The mutational profile of residual metastatic
[73,74]
cells might differ
.
One promising approach is to focus on driver muta
tions that are responsible for maintenance of the trans
formed status and/or the progression of the individual
tumor. Aiming at driver mutations is of advantage in
comparison to passenger mutations, as the tumor cell’s sur
vival is dependent on these dysregulated gene products and
therefore, immune escape by switching off or reverting
such mutations is less likely to occur.

Other neoantigens

Besides point and frameshift mutations there are fur
ther possibilities in creating neoantigens. Mutations
at somatic splice sites as well as deregulated splicing
factors can lead to alternative splice variants. A largescale systematic investigation revealed that alternative
splice variants in CRC are mainly caused by exon skip
ping, alternative promoter or terminator and intron re
[67]
tention . A comparison between CRC and normal cells
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The concept of personalized peptide vaccination fol
lows another approach. CRC patients are screened for
the presence of CTLs and IgGs against known TAAs and
neoantigens in addition to the determination of their HLA
profile. Having the knowledge of the patients’ HLA layout
as well as the natural immunogenicity of the tumor, the
vaccine can be adapted by choosing matching peptides
for vaccination. This lowers the risk of SAEs by only en
hancing the existing antitumoral immune response.

Freund’s adjuvant, alum, gold or nanoparticles as well
as heat shock proteins and GM-CSF are such adjuvants
which improve antigen stability, delivery, processing and
[78,79]
presentation to T cells
. This is achieved by forming a
depot at the injection site resulting in slow and prolonged
peptide release and/or by induction of proliferation and
migration of antigen presenting cells. GM-CSF, as well
as TNF receptor ligands and TLR agonists like CpG oligo
nucleotides, additionally aim at enhancing costimulatory
signals for T cell activation. Furthermore, cytokines like
interferons or interleukins lead to enhanced immune
[80,81]
response in different clinical trials
.

VACCINE DESIGN
When a promising target is found, the design of the
vaccine starts. As mentioned before, suiting (better
ideal) peptides as well as adjuvants and administration
schedules need to be selected. Due to space restrictions,
we focus here on peptide-based vaccination strategies
and omit recombinant protein- and tumor lysate-based
ones.

ADVERSE EVENTS
Cancer vaccines are characterized by a high safety and
low toxicity profile. Different studies evaluated SAEs
grade Ⅲ/Ⅳ after cancer vaccine therapy in around 5500
[82,83]
cancer patients and observed a frequency of < 3%
.
But especially by using vaccination approaches with
TAAs, the possibility of damaging healthy tissue should
not be neglected. As mentioned above, TAAs are not re
stricted to the tumor tissue but only expressed at higher
levels compared to (some) normal cells.
In a study with engineered anti-CEA T cells, the CEA
levels decreased and even tumor regression was seen in
one patient; but all treated patients experienced severe
[84]
transient inflammatory colitis . The treatment with auto
logous anti-MAGE-A3/A9/A12 engineered T cells led in
another clinical trial to severe neurological toxicity in 3 out
[85]
of 9 cancer patients . Recognition of different MAGE-A
proteins in normal human brain by engineered T cells
caused even treatment related mortality in 2 patients.
Similarly, the use of engineered T cells showing off-target
effects by recognizing un-targeted proteins is associated
with an increased risk of SAEs. Linette et al. used an
affinity-enhanced T cell receptor against MAGE-A3 and
the first two treated patients developed a cardiogenic
[86]
shock and died within a few days . Recognition of the
striated muscle-specific protein titin by these T cells led
to severe cardiogenic damage.
As neoantigens are not presented by healthy cells,
the risk of SAEs is decreased by using neoantigentargeting vaccines. To date, vaccine studies focusing on
neoantigens in CRC patients observed no SAEs; only
mild side effects that resolved spontaneously have been
[52,62,64,66]
described (e.g., injections site reactions, fever)
.

Single peptides, peptide-loaded antigen-presenting cells
or ex vivo expanded T cells?

Peptides used for vaccination can vary in length. When
they directly bind into the peptide-binding groove of the
HLA molecules, 8-10-mers (HLA-A/-B/-C) or 13-18-mers
(HLA-DP/-DQ/-DR) are typically used. But the binding
affinities of peptides to different HLA isoforms deviate.
In addition, as the patient is restricted to its individual
set of HLA alleles, the efficiency of a peptide vaccine is
dependent on the selection of peptides and their best
matching HLA. Furthermore, most of the current studies
have only investigated peptides restricted to the most
common HLA alleles HLA-A2 or HLA-A24, thereby limiting
the number of patients benefitting from this therapy.
To circumvent HLA restriction, longer peptides
(15-30-mer), so called synthetic long peptides, can be
used as these peptides are internalized, processed and
presented by antigen presenting cells. The risk of diges
tion by proteases is also decreased as long peptides form
a tertiary structure and have therefore a longer half[75,76]
life
.
Alternatively, using (autologous) cellular vaccine stra
tegies, completely evades the problem of HLA-restriction
and peptide degradation. They can be composed of
antigen presenting cells (DCs, B cells or artificial antigen
[77]
presenting cells ) which present the selected peptide(s)
+
+
to both CD4 helper as well as CD8 effector T cells or the
direct approach of applying T cells carrying tumor-antigenspecific T cell receptor(s). For the latter approach,
patient specific T cells need to be isolated, expanded and
stimulated in vitro. After this complex ex vivo procedure,
a defined amount of functional T cells can be given back
to the patient. By including also T helper cells or peptides
activating T helper cells, a humoral immune response
[14]
can be induced, too .

CANCER VACCINES: THE SOLUTION TO
IMMUNE EVASION?
The tumor microenvironment is characterized by im
munosuppressive signals leading to immune evasion
of the tumor. An accumulation of regulatory T cells is re
sponsible for the downregulation of other infiltrating and
tumor attacking T cells in an antigen-dependent manner
[87]
or by secretion of IL-10 or TGF-β . Furthermore, these
signal molecules are able to suppress the maturation of

Adjuvants

To further enhance the strength of a vaccine, for
mulations typically include also adjuvants. Incomplete
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Figure 2 Workflow: preparation of individualized vaccine (using neoantigen targets). The figure shows the possible work flow for individualized cancer
vaccination. The colorectal cancer patient (tumor in pink) undergoes tumor resection surgery and biomaterial (tumor (red container) and matching normal (beige
container) tissue) is collected. Next generation sequencing and comparative bioinformatics analysis of these biomaterials reveal (tumor-specific) neoantigens and
selected peptides are synthesized under GMP conditions. The vaccine consists of synthesized peptides, peptide-loaded antigen-presenting cells, ex vivo expanded
T cells or chimeric antigen receptor T cells and can be combined with adjuvants, immunogenic chemotherapeutics and/or immune checkpoint inhibitors to further
enhance vaccine efficacy. The patient will receive first vaccine shots ideally even before chemotherapeutic intervention. Residual tumor cells (in the colon or circulating
as well as micrometastases in other organs) should be eliminated hereby. Exact vaccination scheme will depend on vaccine type, medical facility, etc.
[88]

DCs resulting in reduced antigen presentation . Tumorassociated macrophages as well as myeloid suppressor
cells are also present in the tumor microenvironment and
[87,89]
act as immune suppressors
.
But in addition to creating an inhospitable environ
ment for tumor attacking immune cells, tumor cells can
also hide from immune cells by modifying their surface
high
to escape recognition. More than 50 % of MSI
CRC
patients’ tumor harbor mutations that lower the func
[90]
tionality of HLA presentation of antigens : mutations
regarding regulation of HLA expression (e.g., NLRC5
[90]
mutation ), peptide transport (e.g., TAP1/2 and tapa
[90-92]
[90]
sin
) as well as HLA itself (e.g., heavy chain
and
[91-93]
B2M mutation
). To overcome this dissembling
mechanism, the use of specific chemotherapeutics can
be helpful, leading to an effective antitumor immune
response by apoptosis (discussed below).
Furthermore, cancer cells take advantage of the
control mechanism of nonsense mediated RNA-decay
(NMRD). This system is responsible for degrading mRNA
with premature stop codons and it has been suggested
[94]
that this must inhibit the presentation of neoantigens .
However, it could be shown that only a part of the so far
[51]
identified neoantigens are sensitive to NMRD .
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Last but not least, cancer cells can not only influence
cells of the microenvironment to express immune
checkpoint molecules but they frequently express such
molecules themselves to downregulate T cell activity.
Immune checkpoint inhibitors are a precious device in
overcoming this tumor-induced immune suppression.

IMMUNE CHECK POINT INHIBITORS
The field of studies exploring immune checkpoint inhi
bitors is growing. Targeted immune checkpoints like
CTLA-4, PD-1, PD-L1 and LAG-3 are highly expressed in
high
MSI tumors, thereby creating an immune suppressive
[95]
microenvironment . Besides, T cells infiltrating in
high
MSI
tumors frequently express PD-L1 making a
PD-1 blocking antibody (e.g., Pembrolizumab) a helpful
[96]
instrument : In clinical trials, almost 80 % of MSI high
CRC patients benefitted from PD-1 blockade whereas
[96,97]
microsatellite stable (MSS) CRC patients rarely did
.
This can be explained by the difference in mutational
high
burden of MSI
and MSS patients, as a correlation of
mutational burden/number of neoantigens and clinical
[98,99]
response could be proven already
. Moreover, this
clinical observation suggests that a substantial part of
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Table 2 Current clinical vaccination studies including colorectal cancer patients
Target type
TAA
TAA
TAA
TAA
TAA
TAA
TAA
TAA

TAA
Immune
stimulation,
TAA
TAA
TAA
TAA
TAA
TAA
Immune
checkpoint,
TAA
Neoantigen

Target molecule

Vaccination strategy

Therapy

Number of
patients
12

Trial identifier

3
18
5
8
36
9

NCT03127098
NCT03682744
NCT02850536
NCT02416466
NCT01376505
NCT03425773

32

NCT03384316

Standard-of care maintenance

15

NCT03391232

cryotherapy

90

NCT03524274

44
93

NCT02865135
NCT02960594

10
110
60
19

NCT02839954
NCT02134925
NCT03013712
NCT02432963

25

NCT01885702

16

NCT03552718

64

NCT03480152

48

NCT03265080

110

NCT03190941

33

NCT03152565

Cyclophosphamide

17

NCT02981524

Regorafenib/ Isatuximab/ Bevacizumab

120

NCT03555149

FOLFOX

98

NCT03720678

FOLFOX

78

NCT03547999

567

NCT03289962

81

NCT03050814

Aldoxorubicin, ETBX-011, ETBX-021,
Capecitabine, Cetuximab,
ETBX-051, ETBX-061, GI-4000, GI-6207,
Cyclophosphamide, Fluorouracil,
GI-6301, haNK, avelumab, HCI, ALT-803 Leucovorin, Nab-paclitaxel, Oxaliplatin,
Regorafenib, SBRT, Trastuzumab
Personalized peptides, Pembrolizumab

332

NCT03563157

60

NCT02600949

GVAX (allogeneic colon cancer GM-CSF
secreting cells)
GVAX (allogeneic colon cancer GM-CSF
secreting cells)

18

NCT01966289

15

NCT01952730

CEA

alphavirus replicon (VRP) encoding
CEA
CEA
ETBX-011 ad-CEA, ALT-803 (IL-15)
CEA
anti-CEA CAR-T cells
CEA
anti-CEA CAR-T cells
CEA
anti-CEA CAR-T cells, SIR-Sphere
Her2
2 Her2 peptides in Montanide ISA 720
Her2/neu
B-Cell and monocytes with HER2/neu
antigen
Brachyury, CEA, ETBX-051; adenoviral brachyury vaccine,
MUC1
ETBX-061; adenoviral MUC1 vaccine,
ETBX-011; adenoviral CEA vaccine
7 cancer testis
6 synthetic peptides in Montanide
antigens
MUC1
activated CIK and CD3-MUC1 bispecific
antibody
HPV
hTERT
MUC1
MUC1
EpCAM
PD-1, p53

DPX-E7
INO-1400 or INO-1401 alone or in
combination with INO-9012
anti-MUC1 CAR-pNK cells
MUC1 peptide-poly-ICLC
CAR T Cells targeting EpCAM
Pembrolizumab, modified vaccinia virus
Ankara vaccine expressing p53

Neoantigen

ras

frameshift-derived neoantigen-loaded
DC
personalized neoepitope yeast-based
vaccine, YE-NEO-001
mRNA-based vaccine targeting
neoantigens
ADXS-NEO (Advaxis NEO expressing
personalized tumor antigens)
anti-KRAS G12 V mTCR

Immune
checkpoint
Immune
checkpoint
Immune
checkpoint

PD-L1

Avelumab, autologous dendritic cells

PD-1

Immune
checkpoint
Immune
checkpoint,
TAA

A2aR, A2bR

Pembrolizumab, GVAX (allogeneic
colon cancer GM-CSF secreting cells)
Atezolizumab, Imprime PGG (PAMP
recognized by innate immune effector
cells)
AB928 (A2aR and A2bR antagonist)

Neoantigen
Neoantigen
Neoantigen

PD-L1

Cyclophosphamide, Fludarabine,
Aldesleukin

PD-1, CEA, MUC-1 Nivolumab, MVA-BN-CV301 (modified
vaccinia Ankara-Bavarian Nordic
encoding CEA, MUC1, B7-1, ICAM-1
and LFA-3)
PD-L1
Atezolizumab, RO7198457 (mRNAbased individualized, TAAs vaccine)

Immune
checkpoint,
TAA
Immune
PD-L1, CEA
checkpoint,
TAA
Immune
CEA, Her2/neu,
checkpoint,
Brachyury, MUC1,
TAA, Immune RAS, NK cells ICI
stimulation
Immune
PD-1
checkpoint,
Mutated
proteins
Immune
stimulation
Immune
stimulation

Avelumab + Ad-CEA
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Cyclophosphamide, SGI-110 (DNA
Methyltransferase Inhibitor)
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Immune
stimulation
Immune
stimulation
Immune
stimulation
Immune
stimulation
Immune
stimulation
Oncolytic
virus

OncoVAX (non-dividing tumor cells)

Oncolytic
virus, Immune
checkpoint

PD-L1

Surgery

Autologous or allogeneic immune
stimulatory tumor cells
autologous dendritic cells loaded with
autologous tumour homogenate + IL-2
autologous dendritic cells loaded with
tumor antigens
autologous dendritic cells loaded with
tumor lysate antigens
GL-ONC1 oncolytic vaccinia virus,
which disrupts nonessential genes
and expression of the foreign gene
expression
Talimogene Laherparepvec,
Atezolizumab

550

NCT02448173

50

NCT00722228

19

NCT02919644

58

NCT01348256

30

NCT03214939

36

NCT02714374

36

NCT03256344

CEA: Carcinoembryonic antigen; GM-CSF: Granulocyte macrophage colony-stimulating factor; TAA: Tumor-associated antigen.

these antitumoral immune responses must be HLAunrestricted, since more than the expected 50%
high
of MSI
patients with functional HLA-presentation
responded well. The interplay of adaptive (antitumoral)
immune cells with cells of the innate arm of the immune
system might partly explain this somewhat surprising
finding. Consequently, this would also imply that modern
neoantigen-specific vaccines (Figure 2) have a good
chance to be beneficial for patients with hypermutated
tumors despite the fact that HLA-presentation is cor
rupted due to immune escape phenomena.
Studies comparing infiltrating lymphocytes in MSS
high
and MSI
CRC patients revealed, that the amount of
high
infiltrating cells is clearly higher in MSI
tumors, but
the correlation between infiltrating lymphocytes and
[100,101]
overall survival is only in MSS patients significant
.
Therefore, a combined immunotherapy with blocking
immune checkpoints on the one hand and stimulating
the immune system with a peptide vaccine on the
high
other hand could help MSS as well as MSI
CRC pa
tients. A first animal study demonstrated increased
cytolysis rate, tumor suppression and survival with a
DNA vaccine consisting of PD-1 fused with survivin and
[102]
MUC-1 peptides . Clinical trials investigating the effect
of immune checkpoint inhibitors with other forms of
immunotherapy in CRC patients are still ongoing (Table 2).

as well as the common platinum derivative for CRC
[106]
treatment, oxaliplatin . The studies combining TAAs
with different chemotherapeutic agents also observed
no immune suppressive effects but induction of specific
[29,35,36]
immune responses
. Therefore, the combination of
immunogenic cell death inducing chemotherapeutics and
cancer-specific vaccination is an auspicious approach for
future treatment of CRC patients (Figure 2).
Immunogenic cell death can also be induced by on
colytic viruses which preferentially infect cancer cells.
In vitro studies revealed that viral treatment can lead
to killing of CRC cells, especially tumor initiating cells
[107,108]
or cancer stem cells
. First clinical studies with a
combination of oncolytic viruses and immune checkpoint
inhibitors in melanoma patients showed response rates
[109-111]
up to 62 %
. These promising combinations are
currently investigated in clinical trials also including CRC
patients (Table 2).

CONCLUSION
Cancer vaccines are a promising instrument for treatment
of cancers. The development started with peptides de
rived from TAAs. These targets can be detected easily
and are shared by many patients. Therefore, a variety
of studies investigated the effect of TAA-derived peptide
vaccines with mediocre results. Low immunogenicity,
HLA restriction as well as increased risk of SAEs limit the
efficiency and clinical usefulness of this vaccine type.
These problems can likely be solved with novel
vaccination approaches focusing on TSAs, mainly neo
antigens. They clearly differ from proteins of healthy cells
and thus neither self-tolerance nor SAEs are likely to limit
clinical application of TSA-based vaccines (see Figure
1). First in vitro and in vivo studies revealed promising
results. It can be envisioned that these advantages will
on the longer run compensate for the time and money
intense identification of patient-individual neoantigens
and peptide composition. Pure peptide vaccines, peptideloaded antigen presenting cells or adoptively transferred
T cells will be exploited.

CANCER VACCINES AND IMMUNOGENIC
CELL DEATH
The dogma that chemotherapy is immunosuppressive
has been disproved. Contrarily, it could be shown
that selected chemotherapeutics are able to induce
a special kind of cell death which improves tumor im
mune recognition. This so called immunogenic cell
death is characterized by damage-associated molecular
patterns on the surface of the tumor cell (calreticulin
and heat shock proteins) which are “eat me” signals for
[103]
immune cells and act as co-stimulators
. Inducers
of immunogenic cell death are anthracyclines like
[104]
[105]
doxorubicin
, DNA alkylating cyclophosphamide
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To further enhance the effect of neoantigen vaccines,
adjuvants will be included. These improve peptide stabi
lity and also act as immune stimulators. Besides, the
combination of these new generation individual cancer
vaccines with immune checkpoint inhibitors and/or im
munogenic cell death-inducing chemotherapeutic agents
is an utterly promising concept that will be extensively
investigated in the near future. Such multifactorial
approaches even have the potential to solve the dif
ficulties in targeting MSS CRC. However, concepts to
select the best-suited combinations of vaccines, adju
vants and chemotherapeutic on a patient-individual basis
still have to be developed and - possibly even more
ambitious - adapted to the clinical routine.
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Core tip: Checkpoint inhibitors are a kind of immuno
therapy used in the treatment of various malignancies.
Nevertheless, they carry the risk of causing different
immune-related side effects. Physicians should be vigilant
in recognizing and appropriately managing these side
effects for a better outcome.
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INTRODUCTION
Checkpoint inhibitors have emerged as one of the most
[1]
promising modalities of anti-cancer therapy . They are
monoclonal antibodies that block the checkpoint proteins
either on T cells or cancer cells to enhance immune
[2]
response against tumor cells . Normally, when our body
recognizes cancer cells or foreign bodies, our innate
immune system (macrophages, dendritic cells, natural
killer cells, mast cells, neutrophils, eosinophils and
basophils) tries to eliminate them. Then, our adaptive
immune system (B lymphocytes and T lymphocytes)
starts working via antigen presenting cells. Checkpoint
molecules are proteins that control specific cellular

Abstract
Checkpoint inhibitors are increasingly being used in clini
cal practice. They can cause various gastrointestinal,
hepatic and pancreatic side effects. As these side effects
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processes to prevent errors. Some immune checkpoint
proteins help the T cells to remain active, particularly
in case of infection, whereas other immune checkpoint
proteins regulate the immune system negatively by
directing the T cells to switch off. Some cancer cells
synthesize high levels of such immune checkpoint
proteins, which can switch off the T cells and, as a result,
the T cells can neither recognize nor kill the cancer cells.
Some of the common checkpoint proteins include:
(1) Cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) receptors on CD4 and CD8 T lymphocytes; (2)
programmed cell death protein 1 (PD-1) receptors on
the surface of T cells, B cells, natural killer (NK) cells,
monocytes and dendritic cells; and (3) programmed
cell death protein ligand 1 (PD-L1) and programmed
cell death protein ligand 2 (PD-L2) proteins on healthy
tissues, hematopoietic cells and tumor cells.
When interactions between the PD-1 receptors and
PD-L1 (also known as B7-H1) or PD-L2 (also known
as B7-H2) occurs, it promotes exhaustion of peripheral
effector T cells, conversion of effector T cells to regulatory
[3]
T (Treg) cells and inhibition of tumor cell apoptosis .
Some cancer cells are able to produce PD-L1 and PD-L2
on their surfaces to prevent any immunological attack.
CTLA-4 becomes activated by binding to B7-1 (also
known as CD80) and B7-2 (also known as CD86)
on antigen presenting cells (APCs), and then inhibits
T cell activation at a proximal step in the immune
response. On the other hand, PD-1 limits effector T
cell function by linking with PD-L1 or PD-L2 in the later
stages of the immune response. In the process of
carcinogenesis, these immunosuppressive molecules are
[4]
overexpressed . Checkpoint inhibitors are monoclonal
antibodies against PD-1, PD-L1 or CTLA-4 proteins.
They act as a form of immunotherapy by blocking the
immunosuppressive molecules that otherwise inhibit
the immune system from attacking cancer cells. As a
consequence, there is an immunological boost against
[5]
cancer cells . As they target T cells instead of cancer
[6]
cells, they can be used in various malignancies . A
combination of checkpoint inhibitors may give a better
anti-tumor response. There was a 23% response rate for
metastatic non-small cell lung cancer after administration
[7]
of durvalumab and tremelimumab .
Few checkpoint molecules have been discovered
recently. These include TIM-3, LAG3, TIGIT and BTLA.
T cell immunoglobulin and mucin domain 3 (TIM-3)
is present on the surface of CD4 T cells, CD8 T cells,
regulatory T cells and innate immune cells (dendritic
cells, macrophages and natural killer cells). TIM-3 binds
to specific ligands: galectin (Gal-9), phosphatidyl serine
(PtdSer), high-mobility group box-1 protein (HMGB)
and carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM1). These interactions generate a
variety of effects, including effector T cell apoptosis, T cell
suppression, suppression of the innate immune response
against tumor cells, suppression of anti-tumor activity
[8]
and promotion of tumor growth . TIM-3 is upregulated
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in patients with malignancy. In pre-clinical studies, TIM-3
monoclonal antibody monotherapy showed modest
[9]
anti-tumor activities , but combinations of anti-TIM-3
and anti-PD-1/PD-L1 monoclonal antibodies produced
significant anti-tumor responses against a variety of
malignancies, including colon cancer, lung cancer, ovarian
cancer, melanoma, lymphoma, acute myelogenous leuke
[10]
mia and sarcoma .
LAG-3 (lymphocyte activation gene-3 protein) is an
inhibitory receptor expressed on CD4-positive T-lympho
cytes, CD8-positive T-lymphocytes, NK cells and B cells,
[11-13]
as well as on plasmacytoid dendritic cells
. LAG-3
[14,15]
inhibits both activation and proliferation of T cells
.
Anti-LAG3 monoclonal antibodies can bind to the LAG-3
present on tumor infiltrating lymphocytes (TILs), and
prevent their binding to MHC (major histocompatibility
complex) class Ⅱ molecules expressed on tumor cells.
This may lead to activation of antigen-specific T lympho
cytes and cytotoxic T cell-mediated tumor lysis. Clinical
trials were done with different types of LAG-3 monoclonal
antibodies (IMP321) on various malignancies, such as
metastatic renal cell cancer, breast cancer, unresectable
pancreatic cancer, as well as advanced and unresectable
[16]
melanoma .
T cell immunoreceptors with Ig and ITIM domains
(TIGIT) are inhibitory immunoreceptors present on
some T cells (CD4, CD8), NK cells and Treg cells that
contain Ig and immunoreceptor tyrosine-based inhibitory
motif (ITIM) domains. TIGIT ligands include CD155 and
CD112. In certain malignancies, CD155 and CD112 are
highly expressed on macrophages and dendritic cells.
TIGIT ligation leads to inhibition of T cell proliferation
[17]
and suppression of the cytolytic function of NK cells .
Anti-tumor activity is suppressed by TIGIT, primarily
[18]
via Treg cells and not CD8-positive T cells . Anti-TIGIT
monoclonal antibodies as a monotherapy or in com
bination with anti-PD-L-1 antibodies have shown anti[19]
tumor activity in phaseⅠ/Ⅱ trials.
BTLA (a B and T lymphocyte attenuator, also known
as CD272) is an inhibitory protein functionally and
structurally similar to CTLA-4 and PD-1. It is mainly
expressed on immune cells, NK cells, dendritic cells
and splenic macrophages. BTLA acts as a ligand for
tumor necrosis factor receptor superfamily member 14
(TNFRSF-14), also known as herpes virus entry mediator
(HVEM).
BTLA/HVEM complex inhibits T cell activation and
[20]
proliferation . BTLA is overexpressed in certain malig
nancies like leukemia and melanoma. In mouse models,
[21]
BTLA neutralizing antibodies limited tumor growth .
Anti-human BTLA monoclonal antibodies are currently in
development.

CURRENT CHECKPOINT INHIBITORS
Current checkpoint inhibitors, with their indications and a
[22-28]
schematic diagram (Figure 1), are mentioned below
,
including CTLA-4 blockers, PD-1 inhibitors, and PD-L1
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Tumor
cell

APC

T cell
PD-L1/
PD-L2

PD-1

Avelumab: Indicated for advanced or metastatic uro
thelial cancer and metastatic Merkel cell cancer.

CTLA-4

Durvalumab: Indicated for advanced or metastatic
urothelial cancer, as well as unresectable and stage Ⅲ
non-small lung cancer.

B7-1
B7-2

PD-L1 inhibitors:

PD-1 inhibitors:

CTLA-4 inhibitors:

Atezolizumab

Nivolumab

Ipilimumab

IMMUNE-RELATED ADVERSE EVENTS

Avelumab

Pembrolizumab

Tremelimumab

Immune-related adverse events (IRAE) can occur due
to the use of checkpoint inhibitors. Inflammatory side ef
fects generally involve the skin, gastrointestinal tract, liver
and endocrine glands. The cardiovascular, pulmonary,
renal, hematological and musculoskeletal system are
less commonly involved. IRAE are more severe following
administration of CTLA-4 inhibitors in comparison to PD-1
or PD-L1 inhibitors. The time of onset of IRAE is generally
[30]
1-6 mo after administration of checkpoint inhibitors .
Here, we will be mainly discussing the gastrointestinal,
hepatic and pancreatic side effects of checkpoint inhi
bitors.
Immune-related adverse events are classified accor
ding to the National Cancer Institute’s Common Termi
[31]
nology Criteria for Adverse Events (AE), version 3.0 .
Grade 1: Mild AE; Grade 2: Moderate AE; Grade 3:
Severe AE; Grade 4: Life-threatening or disabling AE;
Grade 5: Death related to AE.

Durvalumab

Figure 1 Schematic diagram of checkpoint inhibitors.

inhibitors.

CTLA-4 blockers

Ipilimumab: Indications include melanoma with lymph
node involvement, advanced melanoma, non-small cell
and small cell lung cancer, advanced renal cell cancer,
and hormone refractory prostate cancer. Great success
with durable clinical benefit was seen with nivolumab plus
ipilimumab combination when given in DNA mismatch
repair-deficient/microsatellite instability-high metastatic
[29]
colorectal cancer .
Tremelimumab: This drug is undergoing human clinical
trials for the treatment of various malignancies, but is
not yet approved by the United States Food and Drug
Administration (FDA).

Gastrointestinal

Diarrhea is the most common gastrointestinal side effect
after administration of checkpoint inhibitors. Diarrhea
occurs in 27%-31% of cases following CTLA-4 inhibitor
[32]
therapy
and less than 4% of cases following anti[33]
PD-1 and anti-PD-L1 therapy . Diarrhea varies from
mild to severe in intensity. Immune-mediated mild to
severe colitis, colon perforation and even death can oc
[34,35]
cur following checkpoint inhibitor therapy
. Severe
colitis can occur in 5% of cases following CTLA-4 inhibitor
therapy and less than 2% of cases following anti-PD-1
therapy. Colitis may mimic Crohn’s colitis or ulcerative
colitis, and can be associated with intra-abdominal ab
[36]
scess, anal fissure and fistula . Pembrolizumab-induced
collagenous colitis and lymphocytic colitis have also been
[37,38]
reported in the literature
.

PD-1 inhibitors

Nivolumab: Indications are melanoma with lymph node
involvement, unresectable or metastatic melanoma,
advanced renal cell carcinoma, advanced or metastatic
urothelial cancer, metastatic non-small cell lung cancer
and small cell lung cancer with progression after
platinum-based chemotherapy, refractory classical
Hodgkin lymphoma, recurrent or metastatic squamous
cell cancer of head and neck, microsatellite instabilityhigh or mismatch repair-deficient colorectal cancer, and
hepatocellular carcinoma.
Pembrolizumab: Indications include unresectable or
metastatic melanoma, metastatic non-small cell lung can
cer, advanced head and neck squamous cell carcinoma,
advanced or metastatic gastric or gastroesophageal
junction cancer, microsatellite instability-high cancer,
locally advanced or metastatic urothelial cancer, recurrent
or metastatic cervical cancer, refractory classical Hodgkin
lymphoma, and refractory primary mediastinal large B
cell lymphoma.

Management

Mild diarrhea or gradeⅠ diarrhea with stool frequency
less than 4 times per day can be managed conservatively
without discontinuing checkpoint inhibitors. Stool for ova,
parasites, giardia antigen, stool culture and C. difficile
toxin should be sent to evaluate for any underlying infec
tion. Patient should be given adequate oral hydration and
anti-diarrheal agents. If diarrhea still persists for 5-7 d or
worsens, patients should be treated similar to cases of
moderate diarrhea.
Moderate diarrhea or grade Ⅱ diarrhea with stool
frequency between 4-6 times per day should be managed
by discontinuation of checkpoint inhibitors, by ruling out

PD-L1 inhibitors

Atezolizumab: Indicated for advanced or metastatic
non-small cell lung cancer and advanced or metastatic
urothelial cancer.
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infection by sending stool samples as mentioned above,
by giving adequate oral hydration and by administering
empiric treatment with oral corticosteroid (prednisone
[39]
1 mg/kg per day) with close clinical follow-up .
Colonoscopy is not required if the patient responds to
the above measures. After 2-5 d control of diarrhea,
prednisone should be slowly tapered over a 1-2 mo
period of time. Trimethoprim-sulfamethoxazole should
be given as a prophylaxis against opportunistic infection
[40]
during the tapering period .
If the patient does not respond to the conservative
measures or if the patient has severe diarrhea, i.e.,
grade Ⅲ or Ⅳ diarrhea, with stool frequency more than
6 times per day with severe and persistent abdominal
pain, fever, rectal bleeding or ileus, intravenous hydration
and intravenous steroid (methylprednisone 1-2 mg/kg
[41]
per day) should be started . Antidiarrheal agents
like loperamide and lomotil (diphenoxylate/atropine)
should be avoided. Abdominal CT (computerized axial
tomography) should be done to assess the severity
and complications of colitis (perforation and peritonitis).
Colonoscopy or flexible sigmoidoscopy should be done
not only to evaluate the severity and extent of colitis,
but also to take random and targeted colon biopsies to
[35]
rule out underlying cytomegalovirus (CMV) infection .
CMV colitis is diagnosed by characteristic histology
(owl’s eye intranuclear inclusion bodies), CMV biopsy
PCR (polymerase chain reaction) or CMV biopsy viral
[42]
culture . Colonoscopic findings may include loss of
vascular markings, erythema, congestion, friability,
ulcerations and spontaneous bleeding. The severity of
diarrhea may not correlate with the colonoscopic or histo
logical findings.
Treatment should be continued until there is signifi
cant improvement of diarrhea, i.e., grade 0-1. If there is
a clinical response to corticosteroids, it is recommended
to continue treatment for a month and then slowly
taper. If the patient’s diarrhea is refractory to steroids, or
colonoscopy shows severe colitis, multiple colon ulcers
or pancolitis, anti-TNF therapy like Infliximab (5 mg/kg
every 2 wk) or anti-integrin therapy like Vedolizumab
[43-45]
(300 mg 0, 2, 6 wk) should be added
. Concomitant
bacterial, viral or Clostridium difficile infection should
be treated simultaneously. Following resolution of symp
toms, checkpoint inhibitors can be restarted if the bene
fits outweigh the risks, and if the daily dose of prednisone
can be reduced to less than 10 mg per day without any
other immunosuppressive medication.

control of diarrhea, start tapering corticosteroid over 1-2
mo plus trimethoprim-sulfamethoxazole as prophylaxis;
(2) no clinical improvement → Manage as grade Ⅲ or
Ⅳ diarrhea. Grade Ⅲ or Ⅳ diarrhea: hospitalization,
parenteral hydration, parenteral corticosteroid, abdominal
CT and colonoscopy: (1) Clinical response: continue ste
roid for a month and taper; (2) no clinical response: antiTNF therapy.

Hepatic

Checkpoint inhibitors can cause immune-mediated
hepatitis in less than 5% of cases receiving these medi
[46]
cations . Although this can occur anytime while the
patient is on checkpoint inhibitor therapy, it occurs most
[47]
commonly 6-7 wk after the onset of therapy . Most of
the time, patients remain asymptomatic with elevated
serum transaminases. Sometimes, the hepatitis can be
more severe, with patients presenting with fever, ma
laise, fatigue, hepatomegaly and hyperbilirubinemia.
Acute viral hepatitis (HAV, HBV, HCV, EBV, CMV) and auto
immune hepatitis need to be excluded by serology and
[48]
liver biopsy . Predominant hepatic parenchymal injury
with panlobular hepatitis or predominant bile duct injury
with mononuclear cell infiltration around proliferated bile
[49]
ductules can be seen after checkpoint inhibitor therapy .
It is sometimes difficult to distinguish autoimmune hepa
titis from drug-induced hepatitis. In autoimmune hepa
titis, intra-acinar and portal plasma cells with rosette
formation and emperiopolesis are prominent, whereas
neutrophilic infiltration is more commonly seen in drug[50]
induced liver injury .

Management[51]

Grade 1 immune-mediated hepatitis: patient is asymp
tomatic or mildly symptomatic, but laboratory studies
show AST/ALT: < 2.5 × ULN (upper limit of normal)
and total bilirubin: < 1.5 × ULN. Treatment: continue
checkpoint inhibitor therapy, but monitor LFT.
Grade 2 immune-mediated hepatitis: patient is
symptomatic (fever, malaise, fatigue) and laboratory
studies show AST/ALT: 2.5-5 × ULN and total bilirubin:
1.5-3 × ULN. Treatment: (1) hold checkpoint inhibitor
therapy; (2) viral hepatitis (HAV, HBV, HCV, HDV, CMV,
EBV, HSV, VZV), autoimmune hepatitis and drug-induced
[46]
hepatitis need to be ruled out ; (3) prednisone 1 mg/
kg per day, taper the dose when patient’s symptoms
improve; and (4) if symptoms do not improve after 48
h, alternate immunosuppressive agents like tacrolimus,
mycophenolate mofetil or cyclophosphamide need to be
considered.
Grade 3 or 4 immune-mediated hepatitis: patient is
symptomatic as mentioned above, and laboratory studies
show: AST/ALT: > 5 × ULN; total bilirubin: > 3 × ULN.
Treatment: (1) hold checkpoint inhibitors; (2) intravenous
solumedrol 2-4 mg/kg per day. Taper the dose when
patient’s symptoms improve; and (3) if symptoms do
not improve after 5-7 d, tacrolimus 0.10-0.15 mg/kg
per day should be added. Alternative agents include

Summary of diarrhea management

Diarrhea onset approximately 6 wk after checkpoint
inhibitor therapy: assess severity of diarrhea and rule out
infection by sending stool samples → GradeⅠ diarrhea:
conservative treatment with oral hydration and antidiarrheal agents → Persistence of diarrhea after 5-7 d
→ Manage as grade Ⅱ diarrhea. Grade Ⅱ diarrhea: stop
checkpoint inhibitor, start oral corticosteroid and continue
oral hydration: (1) Clinical improvement → 2-5 d after
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mycophenolate mofetil or cyclophosphamide.
7

Pancreatic

Immune-mediated pancreatitis with pancreatic insuf
ficiency has been reported a few months after initiation of
[52]
checkpoint inhibitor therapy . Asymptomatic elevations
of amylase and lipase can occur without fulfilling the
diagnostic criteria of acute pancreatitis. As the clinical
significance of this lab abnormality is unknown, routine
measurement of serum amylase and lipase is not recom
[53]
mended . However, if the patient is symptomatic
with abdominal pain or nausea, immune-mediated pan
creatitis should be considered by checking amylase and
lipase levels and performing imaging studies.

8
9

10

Management

Intravenous methylprednisolone (1 mg/kg per day) for a
few days, followed by oral prednisone (1 mg/kg per day).
Taper the dose when patient symptoms improve.
Pancreatic enzyme supplementation should be given
if there is evidence of pancreatic insufficiency (fecal
elastase < 15 μg/g of feces).

11

12

13

CONCLUSION
Checkpoint inhibitors are novel forms of immunotherapy
administered by oncologists. Although they are extremely
useful in various advanced and metastatic malignancies,
they can cause multiple side effects. Gastroenterologists
need to be aware of the various gastrointestinal, hepatic
and pancreatic side effects that can be fatal if not man
aged early. Prompt recognition of these side effects,
administration of systemic immunosuppressive therapy
and supportive care could improve the clinical outcome
without affecting the benefit of checkpoint inhibitors.
Multidisciplinary teams should be involved in the man
agement of these side effects. As new checkpoints are
being discovered and new checkpoint inhibitors are
being developed, patients will be experiencing new IRAE.
Management of those IRAE will improve as we gather
more experience using new checkpoint inhibitors.

14
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Abstract
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Michael’s Hospital, University of Toronto, Toronto M5B 1W8,
Canada

Virtual reality simulation is becoming the standard
when beginning endoscopic training. It offers various
benefits including learning in a low-stakes environment,
improvement of patient safety and optimization of valu
able endoscopy time. This is a review of the evidence
surrounding virtual reality simulation and its efficacy in
teaching endoscopic techniques. There have been 21
randomized controlled trials (RCTs) that have investigated
virtual reality simulation as a teaching tool in endoscopy.
10 RCTs studied virtual reality in colonoscopy, 3 in flexible
sigmoidoscopy, 5 in esophagogastroduodenoscopy, and
3 in endoscopic retrograde cholangiopancreatography.
RCTs reported many outcomes including distance ad
vanced in colonoscopy, comprehensive assessment of
technical and non-technical skills, and patient comfort.
Generally, these RCTs reveal that trainees with virtual
reality simulation based learning improve in all of these
areas in the beginning of the learning process. Virtual
reality simulation was not effective as a replacement of
conventional teaching methods. Additionally, feedback
was shown to be an essential part of the learning process.
Overall, virtual reality endoscopic simulation is emerging
as a necessary augment to conventional learning given
the ever increasing importance of patient safety and
increasingly valuable endoscopy time; although work is
still needed to study the nuances surrounding its integra
tion into curriculum.
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Core tip: There is substantial evidence to support that
virtual reality simulation is an excellent augment to the
traditional apprenticeship model in learning endoscopic
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[5]

already strained availability of the endoscopy suite .
Fourth, the feedback given to each trainee depends
[13,14]
on the staff endoscopist, and therefore may vary
.
Finally, there is a lack of continuity as the trainees are
expected to work with different staff endoscopists, who
may not understand the trainee’s level of competence as
[8]
a whole .

procedures. Further work is still needed to study the
nuances surrounding its integration into curriculum.
Mahmood T, Scaffidi MA, Khan R, Grover SC. Virtual reality
simulation in endoscopy training: Current evidence and future
directions. World J Gastroenterol 2018; 24(48): 5439-5445
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5439.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5439

Simulation based training

Given these drawbacks, the endoscopy educators in
creasingly use SBT prior to first patient contact. SBT
provides the trainee with a simulated model of reality
to help the trainee understand the skills required for
[6,15]
clinical practice
. The simulated model can be made
physically (i.e., bench top) or with the help of technology
[6,13,15]
using VR
. SBT is based on the constructivist lear
ning model, which holds that learning is constructed by
the learner, rather than transferred to the learner; this
[16]
renders the context of the situation not as important .
In endoscopic training, SBT has gained attention because
it provides a way of training without the risk of adverse
events to patients, and allows for standardization of
[5,17,18]
feedback through the simulation
. Virtual reality simu
lators can model endoscopy by using an endoscope that
is inserted into a computer-based module which displays
the gastrointestinal lumen on a screen, and provides
[13]
visual and tactile feedback related to the procedure .

INTRODUCTION
Educators in gastroenterology are increasingly integrating
simulation-based training (SBT) into endoscopy curricula.
SBT allows for a learner-centered environment in which
novices can engage in deliberate practice without the fear
[1-4]
of making mistakes or harming a patient . The appli
cation of SBT to endoscopy has manifested as a variety
of model systems, including mechanical models, animal
models, live ex-vivo models, and virtual reality (VR)
computer simulators. Among these, VR simulators have
[5,6]
become the most commonly tested model system .
In this narrative review, we explore the current state of
evidence for the use of VR SBT in endoscopic training.

ENDOSCOPY TRAINING
Apprenticeship model

CURRENT STATE OF EVIDENCE IN
VIRTUAL-REALITY SBT IN ENDOSCOPY

The apprenticeship model of learning is based on an
expert endoscopist (coach) teaching a trainee (appren
tice) endoscopic skills. The apprenticeship helps the
trainee progress from observation to participation,
and finally to independence with progressive responsi
[7,8]
bilities . The apprenticeship model is based in situated
learning theory, which holds that a skill must be learned
[9]
in the authentic context where it will be applied . During
training, the trainee’s responsibility and independence
increases as he/she accumulates experience and skill
[3,5]
(Figure 1) . Experienced endoscopists intervene if they
deem that the trainee will be unable to complete the pro
cedure safely, and trainees are expected to demonstrate
certain milestones before progressing to the next steps.
There are, however, several important disadvantages
of the apprenticeship model. First, there may be an in
creased risk of adverse events for patients. For example,
one study found that the number of complications
of endoscopy are significantly increased in July or
August, when the training programs start with their
[10]
[11]
new trainees . Similarly, a study by Matharoo et al
showed that trainee related factors resulted in as many
patient safety incidents as sedation with no oxygen
saturation monitor. Second, the staff endoscopist has to
completely give up the control of the endoscope in order
[5,12]
for the trainee to learn
. As the trainee does not have
the experience to identify and appropriately manage the
findings, the pathological findings, which are intermittent
[5,12]
and unpredictable, maybe mismanaged
. Third, trai
ning endoscopies take longer to complete, adding to the

WJG|https://www.wjgnet.com

Previous systematic reviews and meta-analyses have
effectively analyzed the results of previous studies,
including a report of internal validity of the existing lite
[5,17,18]
rature
. Briefly, to date there have been 21 major
RCTs investigating VR simulation and its role in training
(Table 1). 10 of these have studies investigated VR in
colonoscopy, 5 in organic gastrointestinal disease (OGD),
3 in flexible sigmoidoscopy, and 3 in endoscopic retro
[19-39]
grade cholangiopancreatography ERCP (Table 1)
.

SBT vs apprenticeship model

18 studies investigated SBT and compared it to either
no training or conventional model of learning. 16 of the
RCTs reported positive results for SBT, i.e., improved
outcomes. Of note is that in the 16 RCTs that reported
positive results, SBT was either used in conjunction with
conventional teaching, or the control arm did not re
ceive any conventional teaching before the assessment
period. A closer look at the two negative trials by Gerson
and Sedlack reveal several reasons that can explain the
[19,20,33]
results
. In the trial by Gerson and Dam, the SBT
group had unlimited access for two weeks to didactic
modules and six simulated OGD cases on a VR simulator,
with no external feedback or observation, while the
conventional training group completed 10 OGDs with
[20]
supervision from staff endoscopists . As a result, the
SBT group completed fewer procedures independently
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Observing and
modelling

Approximation
through
experimentation

Gaining autonomy
with guidance

Adaptation to new
problem

Mastery

Figure 1 Progression of learning in the apprenticeship model. The apprenticeship model relies on the trainee modelling after an expert, followed by
experimentation and approximation that eventually lead to increased autonomy, adaptation to new problems and eventual mastery.

compared to the conventional training group. In the trial
by Sedlack, there is no clear explanation for why the
SBT group did worse, however the small sample size
of 8 trainees and lack of feedback must be taken into
[33]
consideration . In other trials by Sedlack, trainees who
received VR training in combination with conventional
training achieved better overall ratings of competency
[21,22]
and patient comfort
. These studies suggest that
SBT may have a role in supplementing early endoscopy
training. There is, however, no strong evidence to sug
gest the use of SBT as a replacement for conventional
training, giving the limitation of a model in mimicking
real life variables and complexities. Furthermore, there is
no literature comparing SBT to apprenticeship training for
ERCP or other advanced procedures.

self-directed curriculum. The benefit of self-directed cur
riculum is that it allows learners to set their own learning
[44]
goals and pace their learning . However, this is usually
best suited for knowledge sharing that is meant to be
sustained for a lifetime or for knowledge that is meant
to be applied in varied situations after being acquired
in one setting - for example, medical students learning
pathophysiology that they will be expected to apply on
[45]
clinical rotations . Structured learning has a set goal for
[44]
the trainee, and a trainer to help accomplish that goal .
This goal can be in a form of a certain skill or concept.
Structured learning works best for teaching cognitive
[30]
concepts and technical skills. Grover et al investigated
SBT as part of a structured curriculum compared to
self-regulated curriculum, and found that structured cur
riculum led to better acquisition of technical and nontechnical skills that transferred to the clinical setting.
The authors concluded that when using SBT to augment
the conventional teaching model, it should be through a
structured curriculum that encompasses the cognitive,
technical, and integrative skills needed for endoscopy.
Structured curricula can be further enhanced by
incorporating educational theory-based interventions.
For example, two groups applied progressive learning
to endoscopy curricula, which involved challenging the
learner by increasing the task difficulty and/or complexity
[29,31]
as the learner’s abilities improves
. In both studies,
the authors found that training regimens in which trai
nees encountered progressively more difficult cases led
to improved technical skills in the trainees.

SBT with feedback vs without feedback

Feedback is essential in SBT. Recently, Mahmood and
Darzi showed that without feedback on performance,
[40]
SBT does not augment learning . Specifically, the deli
very of feedback should be given with an awareness
[41]
of the trainee’s cognitive load . Cognitive load is the
effort used in working memory and has three types:
[41,42]
intrinsic, extraneous, and germane
. Intrinsic load
relates to essential components of the learning task,
i.e., endoscopy, while extrinsic load relates to nonessential tasks, such as distractions related to other staff
[42]
members . Germane load relates to forming learning
schemas to consolidate the learning, i.e., compartmen
[42]
talizing concepts to gain mastery . Learning is thought
to occur when trainees form their own cognitive schemas
[42]
that they can readily access . In this setting, feedback
can help the trainee through negotiating goals for the
current session and setting goals for future sessions.
Feedback delivered during endoscopic procedures should
be minimal to reduce a trainee’s cognitive load and
should be directive. For example, the expert endoscopist
may tell or show the trainee how to change their
hand position while navigating the endoscope during
[41]
the session . This allows the trainee to incorporate
that feedback during that endoscopy and learn from
the mistake. After the session, facilitative feedback,
which elicits trainee’s thoughts should be used to help
the trainee engage in reflective learning and develop
[41]
problem solving skills . This is supported by previous
work suggesting that delayed feedback, when compared
with immediate feedback, may be advantageous in the
[41,43]
development of cognitive schemas
.

FUTURE DIRECTIONS
Simulation based training through virtual-reality moda
lities has a role in training the novice endoscopist with
no or minimal prior experience in endoscopy. SBT offers
the opportunity to practice endoscopy in a risk-free en
vironment prior to first patient contact. It is, however,
necessary for trainees to undergo patient-based training
with an expert endoscopist. Despite the high fidelity of
simulators, it difficult to replicate all the variables that a
trainee would encounter during a real patient experience,
including the non-technical aspects of endoscopy that
need to be mastered. As medical education moves to
wards a competency-based framework, one area that
requires elucidation is level of expertise or competency
required in the simulated setting before to moving onto
a real patient. Currently, this distinction is unclear and
merits further evaluation. Moreover, the use of edu
cational constructs in SBT should be further explored.
Furthermore, there is no data in the literature to date
on the cost-effectiveness of VR simulation in endoscopy,

Integration of SBT in curriculum

Another area of interest in endoscopic training is whether
SBT should be embedded in structured curriculum or

WJG|https://www.wjgnet.com

5441

December 28, 2018|Volume 24|Issue 48|

Mahmood T et al . Virtual reality simulation in endoscopy training
Table 1 Summary of randomized controlled trials
Ref.

Sample size

Flexible Sigmoidoscopy
Tuggy et al[19]
10

Intervention

Outcomes

Group 1: VR simulation
Group 2: No simulation
Group 1: VR simulation
Group 2: Conventional
teaching
Group 1: VR simulation
Group 2: Conventional
teaching

Group 1 performed better: Faster mean completion time (323 s vs 654 s), lower directional
errors (1.6% vs 8.6%), higher % of colon visualized (79% vs 45%)
Group 1 performed worse: Lower mean score (2.9 vs 3.8 out of 5), lower cases completed
independently (29% vs 72%), lower retroflexion completed (56% vs 84%); average time,
patient satisfaction did not differ
Group 1 performed better: Higher patient comfort; procedural skills (independence,
identifying pathology, landmarks, performing biopsies, adequate visualization) did not
differ
Group 1 performed better in first 30 procedures: High depth of unassisted insertion, higher
% of procedures completed independently (64.1% vs 56.3%), high scores on other measures
such as ability to insert in a safe manner, adequality visualize mucosa, identify landmarks;
mean time to reach maximum insertion did not differ
Group 1 performed better: Higher rates of insertion to cecum (52% vs 19%), shorter
procedure time (30 min vs 40 min), less patient discomfort
Group 1 performed better: Higher competence scores as judged by ability to reach the
transverse colon and cecum without assistance (92.7% vs 90.9% by Session 10); patient
comfort did not differ
Group 1 performed better: Higher global ratings (17.9 vs 14.8 out of 35) based on technique,
use of controls, flow of procedures, advancement.
Group 1 performed better: Higher scores during colonoscopy. Higher number of procedures
completed independently (76% vs 43%), higher patient comfort; no difference in time or
visualization of mucosa
Group 1 performed better: Higher completion rates (95% vs 70%) and shorter times (407 s
vs 743 s), higher patient comfort, higher use of correction abdominal pressure (79% vs 52%),
lower insertion force; other variables such as number of transverse loops, correct use of
variable stiffness did not differ
Group 1 performed better: Less instances of requiring assistance (1.94 vs 3.43), greater
unassisted insertion depth (43 cm vs 24 cm), greater rate of cecal intubation (26% vs 10%),
high overall competence scores; patient comfort did not differ
Group 1 and 2 improved: Performed better on post-test compared to pre-test through
Global Assessment of Gastrointestinal Endoscopic Skills tool (navigation, strategies, clear
lumen and quality of examination)

Gerson et al[20]

16

Sedlack et al[21]

38

Colonoscopy
Sedlack et al[22]

8

Group 1: VR simulation
Group 2: No simulation

Ahlberg et al[23]

12

Cohen et al[24]

45

Group 1: VR simulation
Group 2: No simulation
Group 1: VR simulation
Group 2: No simulation

Park et al[25]

24

Yi et al[26]

11

Haycock et al[27]

36

Group 1: VR simulation
Group 2: Conventional
teaching

McIntosh et al[28]

18

Group 1: VR simulation
Group 2: No simulation

Gomez et al[29]

27

Group 1: VR simulation
Group 2: No simulation
Group 1: VR simulation
Group 2: No simulation

Group 1: VR simulation +
benchtop simulation
Group 2: VR simulation
Group 3: Benchtop simulation
Grover et al[30]
33
Group 1: Self-regulated
Group 1 and 2 improved; Group 2 performed better: Both groups improved on
learning with VR simulation
colonoscopy-specific performance; Group 2 performed better based on Joint Advisory
Group 2: Structured
Group on GI Endoscopy’s Direct Observation of Procedural Skills Tool (JAG DOPS), had
curriculum with VR
better communication rating, and better integrated global rating
simulation
Grover et al[31]
37
Group 1: Progressive learning Group 1 performed better: Higher JAG DOPS score, communication and integrated global
with VR simulation
rating
Group 2: Non-progressive
learning with benchtop
simulator
Esophagogastroduodenoscopy
Di Giulio et al[32]
22
Group 1: VR simulation
Group 1 performed better: Higher number of completed procedures (87.8% vs 70%),
Group 2: No simulation
required less assistance (41.3% vs 97.9%), overall performance was better; length of time
was not significantly different
Sedlack et al[33]
8
Group 1: VR simulation
Group 1 performed worse: Lower patient comfort (5 vs 6), independence and competence
Group 2: No simulation
scores
Shirai et al[34]
20
Group 1: VR simulation +
Group 1 performed better: Required less direct assistance (8.6% vs 25.9%), higher score on
Conventional teaching
11 items scored during the procedure; no significant difference in completion time
Group 2: Conventional
teaching
Ferlitsch et al[35]
28
Group 1: VR simulation
Group 1 performed better: Decreased total time to reach duodenum (239 s vs 310 s); higher
Group 2: No simulation
technical accuracy; diagnostic accuracy did not differ
Ende et al[36]
29
Group 1: VR simulation +
Group 1 and 2 improved: Improvement in time within group (195 s vs 119 s; 261 s vs 150 s);
Conventional teaching
no significant difference in between groups
Group 2: Conventional
All groups showed improvement in post-intervention manual skills test score.
teaching
Group 3: VR simulation alone
None of the other outcomes reached statistical significance, such as time to intubate
esophagus
Endoscopic retrograde cholangiopancreatography (ERCP)
Lim et al[37]
16
Group 1: Mechanical
Group 1 performed better: Improved cannulation rates (47.1% vs 69.6%), decreased total
simulator
time (4.7 vs 10.3 mins); overall performance score not significantly different.
Group 2: No simulator
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Liao et al[38]

16

Meng et al[39]

5

Group 1: Mechanical
simulator
Group 2: No simulator
Group 1: Mechanical
simulator
Group 2: No simulator

Group 1 performed better: Improved cannulation rates (73.25% vs 47.35%) and improve
overall performance; benefit of single vs multiple simulator practices was not statistically
significant.
Group 1 performed better: Improved cannulation rates (79.4% vs 61.5%), lower total time
(19.38 min vs 26.31 min), and improved overall performance score.

Summary of 21 randomized controlled trials investigating endoscopic techniques, including flexible sigmoidoscopy, colonoscopy, organic gastrointestinal
disease and endoscopic retrograde cholangiopancreatography, including sample size, groups in the study and summary of results. Conventional training
refers to the apprenticeship model.

Emergencies during endoscopy

which can be expensive in terms of capital costs and
costs associated with physician-trainers.

Dealing with emergencies during endoscopy can be a
very stressful experience for trainees. Currently, SBT is
limited to polypectomies and other routine procedures,
though it may be expanded to include more emergent
[50]
cases. Similar to Code Blue training, Kiesslich et al
showed that simulation training was associated with
better endoscopic performance and crisis management in
endoscopic emergencies. Additionally, randomized trials
in Advanced Cardiac Life Support simulation revealed
[51]
improved performance in the simulator-trained groups .
SBT allows for trainees to practice the shared mental
[50]
model and crisis resource management . Further
studies randomized trials can explore these concepts.

Feedback

During SBT, feedback is often provided by an expert that
provides through verbal cues and instructions, and/or
by performance metrics from the VR simulator. There
are several ways to enhance the delivery of feedback.
First, before each simulation session, trainees can be
encouraged to document and share their objectives with
the expert endoscopist, helping them form a habit of
being conscious of their goals during each endoscopic
procedure. This enhances learning as it provides the
trainer and trainee with a specific goal to comment
[41]
upon . Moreover, taking the feedback from one ses
sion, the trainees can be encouraged to reflect upon
what they will change in their next session, allowing
them to understand how to integrate feedback into
[41]
their training . SBT in procedural settings allows trai
nees to observe how incorporating feedback into their
next session can result in better outcomes, as other
extraneous variables will be controlled. Feedback can
be incorporated into endoscopy curricula through gami
fication, where similar to a game, incremental increase
in difficulty and ability to achieve certain goalposts will
[46]
indicate the level of skill in a trainee . Second, SBT
can be used to help identify trainees that are struggling
early in their training and allow programs to supplement
their learning. Finally, SBT allows for video-recording
of procedures and for trainees to watch videos of both
their own performance and expert performance. In endo
scopy, watching these videos is associated with improved
[47]
trainee self-assessment skills over time .

Ergonomics

Recently, the importance of ergonomics in endoscopy
has become evident. Studies have indicated a high
prevalence of musculoskeletal disorders ranging from
[52]
37%-89% among endoscopists . These injuries are
thought to be due to repeated pinching or gripping,
pushing, pulling and torquing of the endoscope in po
[53]
tentially awkward postures . Currently, there are no
guidelines for optimal ergonomic position due to indivi
dual differences in anthropometry. Rather than strict
guidelines about positioning during procedures and
endoscope handling, some general guidelines may be
more valuable. For instance, for computer workstations,
guidelines give users recommendations such as keeping
the elbow at a right angle with the forearm, which should
[54]
be parallel to the ground . In endoscopy, posture while
doing the procedure should be neutral without excessive
bending. Trainees often tend to bend their body uncon
sciously when trying to get a better view on the screen.
Other tips include to use the endoscope as a lever to
reduce right hand torqueing, using a neutral thumb grip
position, using gauze with right-hand grip to reduce
pressure, and using the left-hand pinky grip technique
to reduce right-hand strain in difficult or tight endoscope
[55]
positions . SBT can be used to teach these skills to
the trainees by helping them practice posturing with a
model that mimics the physical aspects of the endoscope
workstation. Studies assessing the effectiveness of SBT
to teach ergonomics are lacking.

Non-technical skills

Non-technical components of the endoscopic procedure
include communication and teamwork, judgement and de
[48]
cision making, leadership, and situational awareness .
Non-technical skills are difficult to teach, especially in
a setting where the patient may be partially sedated
or even awake. Soft skills in medicine are often taught
[49]
through role modeling, i.e., apprenticeship . Similarly,
non-technical skills in endoscopy are often taught in the
endoscopy suite. However, using high fidelity simulation
with standardized patients and actors playing the role
of nursing staff to simulate integration scenarios can be
used help prime trainees to the non-technical skills of
[30]
endoscopy .
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SBT is an important supplement to conventional training
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to help facilitate learning of endoscopy with no risk to
patients. There is, however, insufficient evidence to
advocate for SBT as a replacement for conventional
training due to its limitation in mimicking real life. Cur
rent simulation training curricula may be enhanced with
additional focus on the delivery of feedback and the
integration of educational theory based strategies. Fu
ture studies should broaden the context in which SBT is
studied or utilized.
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Abstract
Minimal hepatic encephalopathy (MHE) represents the
mildest type of hepatic encephalopathy (HE). This condi
tion alters the performance of psychometric tests by impai
ring attention, working memory, psychomotor speed,
and visuospatial ability, as well as electrophysiological
and other functional brain measures. MHE is a frequent
complication of liver disease, affecting up to 80% of
tested patients, depending of the diagnostic tools used
for the diagnosis. MHE is related to falls, to an impairment
in fitness to drive and the development of overt HE, MHE
severely affects the lives of patients and caregivers by
altering their quality of life (QoL) and their socioeconomic
status. MHE is detected in clinically asymptomatic patients
through appropriate psychometric tests and neurophysio
logical methods which highlight neuropsychological altera
tions such as video-spatial orientation deficits, attention
disorders, memory, reaction times, electroencephalogram
slowing, prolongation of latency evoked cognitive po
tentials and reduction in the critical flicker frequency.
Several treatments have been proposed for MHE treat
ment such as non-absorbable disaccharides, poorly absor
bable antibiotics such rifaximin, probiotics and branched
chain amino acids. However, because of the multiple
diagnosis methods, the various endpoints of treatment
trials and the variety of agents used in trials, to date the
treatment of MHE is not routinely recommended apart
from on a case-by-case basis. Aim of this review is analyze
the burden of MHE on QoL of patients and provide a brief
summary of therapeutic approaches.

ORCID number: Lorenzo Ridola (0000-0002-8596-2609);
Silvia Nardelli (0000-0002-8596-2609); Stefania Gioia (00000002-8596-2609); Oliviero Riggio (0000-0002-8596-2609).
Author contributions: Ridola L contributed to conception and
design, analysis and interpretation of the data, drafting of the
article, critical revision of the article for important intellectual
content and final approval of the article; Nardelli S and Gioia
S contributed to acquisition of data and critical revision of the
article; Riggio O contributed to critical revision of the article for
important intellectual content and final approval of the article.
Conflict-of-interest statement: The authors have declared no
conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Corresponding author: Lorenzo Ridola, MD, PhD, Department
of Medico-Surgical Sciences and Biotechnologies, Sapienza
University of Rome, Corso della Repubblica, Latina 04110 Italy.

lorenzo.ridola@uniroma1.it

Telephone: +39-773-6556155
Fax: +39-773-6556155

Key words: Cirrhosis; Minimal hepatic encephalopathy;
Covert hepatic encephalopathy; Health related quality of
life

Received: October 5, 2018
Peer-review started: October 5, 2018
First decision: November 1, 2018
Revised: November 8, 2018
Accepted: November 9, 2018
Article in press: November 9, 2018

WJG|https://www.wjgnet.com

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

5446

December 28, 2018|Volume 24|Issue 48|

Ridola L et al . QoL and MHE
the QoL of patient and, at this regard, a survey of the
American Association for the Study of Liver Diseases of
[34]
2007 , showed that most clinicians believe MHE to be
a significant problem, remaining unfortunately under
investigated. In fact, only 50% of clinicians had screened
their patients for MHE, and 38% had never studied
their patients with liver cirrhosis using psychometric
assessment. MHE impairs patients’ QoL, increases the
occurrence of disability, and has a negative effect on
their daily activities. The impact of the perception of the
disease, in the form of a “Sickness Impact Profile (SIP)”,
has been investigated in patients with cirrhosis to assess
QoL indicators, i.e., sleep, rest, eating, work, home
management, recreation, walking, daily care, movement
and emotional behavior. These conditions resulted
significantly altered in patients with MHE compared to
[35]
individuals without MHE . In addition, in the presence of
MHE, QoL indicators, such as the capacity to drive a car,
[36]
and the incidence of sleep disorders were impaired .
Aim of this review is analyze the burden of MHE on
quality of life of patients and provide a summary of the
proposed therapeutic approaches.

Core tip: Minimal hepatic encephalopathy (MHE) being
related to falls, an impairment in fitness to drive and
the development of overt hepatic encephalopathy (HE),
severely affects the lives of patients and caregivers by
altering their quality of life (QoL) and their socioeconomic
status. The aim of this review is to analyze the burden of
MHE on QoL of patients and provide a brief summary of
therapeutic approaches.
Ridola L, Nardelli S, Gioia S, Riggio O. Quality of life in patients
with minimal hepatic encephalopathy. World J Gastroenterol
2018; 24(48): 5446-5453
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5446.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5446

INTRODUCTION
Hepatic encephalopathy (HE) is a complex neurological
syndrome, typical of liver advanced liver disease, which
determines a wide and complex spectrum of nonspecific
[1]
neurological and psychiatric manifestations . In its mild
[2,3]
expression, minimal HE (MHE) , this condition impairs
the performance of psychometric tests, such as working
memory, psychomotor speed, and visuospatial ability,
as well as electrophysiological and other functional brain
measures, without, however, any evidence of apparent
[4,5]
and classical clinical manifestations . MHE is a frequent
complication of liver disease and is considered as one
of the worsts manifestations, severely affecting the
life of patients and caregivers. Moreover, the cognitive
impairment results in the use of more healthcare re
[6-11]
sources than other liver diseases
. Depending on
the population studied and the diagnostic tool used,
MHE incidence may vary, ranging between 20% and
[12-17]
80% of patients with cirrhosis
. A full overview of
the different diagnostic modalities of MHE has been
[18]
recently published . MHE, involves the areas of at
tention, alertness, response inhibition, and executive
[19-22]
functions
reducing the safety and quality of life (QoL),
both of patients and caregivers. Moreover, those patients
[23-26]
show also sleep disorders
and deficits in specific
activities such as driving, which are dangerous for them
selves and for others. As low-grade HE (gradeⅠ ) is
difficult to diagnose, the term “covert” has been recently
[27]
introduced combining MHE and GradeⅠ HE . The term
“covert” has been debated since the condition is simply
not overt, obvious and severe or clinically unquestionable,
but is not really unapparent (latent, subclinical, minimal).
Finally, MHE and covert hepatic encephalopathy (CHE)
are well known risk factors for the development of overt
hepatic encephalopathy (OHE). In fact, the risk for a first
episode of OHE range from 5% and 25% within 5 years
after cirrhosis diagnosis, depending on risk factors, such
as other complications related to cirrhosis (MHE or CHE,
infections, variceal bleeding, or ascites) and possibly
[28-33]
diabetes and hepatitis C
. Under this light, it appears
clear that the presence of MHE has a detrimental role on
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IMPACT OF MHE ON QOL
Although liver cirrhosis presents a poor prognosis, re
cent findings in diagnosis, therapeutic strategies and
general management of this disease have significantly
improved survival rates. Several studies have shown that
liver diseases severely worsen the health-related QoL
[37-39]
(HRQoL)
, especially in relation to hospitalizations,
severity of the disease, and its complications such as
recurrent HE or OHE, as well as the coexistence of sleep
[40]
disorders . Recent evidence suggests that OHE leads to
persistent cognitive impairment even after its resolution.
In accordance with the growing interest in the central
role of perception in a patient’s state of health, the
evaluation of HRQoL is acquiring importance in clinical
practice as well as in planning therapeutic strategies.
It has in fact already been shown that “quality” and
“disability” of daily life have a stronger impact than
[41]
“longevity” on patients’ expectation of life . A series
of evidences show that HRQoL may appear to be
[10,35,36,42-45]
influenced by the coexistence of MHE
. These
findings have enhanced the interest to verify whether
the specific treatment of these condition could lead to a
consequent improvement in HRQoL. In decompensated
cirrhosis, MHE worsens the domains of activity, emo
tional function and global scoring on the chronic liver
disease questionnaire (CLDQ). MHE also alters ap
petite in cirrhosis and, consequently the liver function
impairment, a condition of malnutrition occurs adversely
[46]
[10]
impacting quality of life . Prasad et al showed more
than 10 years ago that lactulose treatment of MHE
patients significantly improved not only psychometric
performance, but also their HRQoL. In 75% of patients
with MHE resolution, a significant improvement in
the “SIP” and a correlation between improvement in
[43]
psychometric performance and QoL were observed .
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[47]

Furthermore, Sanyal et al
demonstrated that the
chronic administration of rifaximin in patients without
OHE at enrollment, but with a history of recurring HE,
significantly improved HRQoL.
Strongly related with QoL is, in our opinion, the
relationship between MHE and falls. In fact, patients
with liver cirrhosis are at risk of fractures due to osteo
porosis secondary to malnutrition, hypogonadism and
[48-50]
liver failure
. The injuries, especially fractures and sub
sequent surgical sequelae, and related hospitalizations,
determine morbidity and mortality in patients with cir
[51]
rhosis
and therefore can be considered well related
with QoL. The falls and subsequent fractures also
have a serious impact on the patient’s family and com
[52,53]
munity and have a high economic impact
. Román
[54]
et al
have shown that, because of falls, the need
for healthcare (8.8% vs 0%, P = 0.004), whereas
hospitalization (6.6% vs 2.3%, P = NS) was greater
in patients with MHE than in cirrhotic patients without
MHE. Multivariate analysis identified MHE [odds ratio
(OR) = 2.91, 95% confidence interval (CI): 1.13-7.48,
P = 0.02], in addition to a previous history of OHE
(OR = 2.87, 95%CI: 1.10-7.50, P = 0.03) and taking
psychoactive drugs (OR = 3.91, 95%CI: 0.96-15.9, P
= 0.05), as factors independently associated with falls.
These findings were subsequently confirmed by Soriano
[55]
et al
in a larger patient cohort. The authors were
able to conclude, using multivariate analysis, that the
presence of cognitive impairment, or the presence of
MHE diagnosed by an abnormal Psychometric Hepatic
Encephalopathy Score (PHES) were the only independent
factors predictive of a fall (OR = 10.2 95%CI: 3.4-30.4,
P < 0.001). Moreover, the probability of a fall in one
year was found to be significantly higher in patients with
MHE (52% vs 6.5%, P < 0.0001) compared to those
[56]
without MHE. Urios et al
demonstrated that patients
with MHE show an altered balance, mainly if evaluated
on an unstable surface with eyes open, with longer
reaction and confinement times and lower success in
stability test limits, than patients free from MHE. Finally,
patients with MHE may experience also sleep disorders,
[57]
severely affecting quality of life. Singh et al evaluated
sleep disorders in MHE and assess the effect of lactulose
on sleep disturbances and HRQoL, concluding that
excessive sleepiness on day time and an impairment
in sleep quality are common in patients with MHE. The
administration of lactulose also leads to improvement in
MHE as well as sleep disturbances and HRQoL.

on the daily lives of patients and caregivers, MHE is still
likely to be ignored by most clinicians if standards of
neuropsychological testing are not followed while testing
a patient for MHE. Magnetic resonance imaging has
recently proposed with promising results to assess the
[58,59]
presence of MHE
. A comprehensive review on the
diagnostic modalities was previously published by our
[18]
group .

SIP

The SIP questionnaire (Medical Outcome Trust, Boston,
MA) was used to assess the inﬂuence of disease and
treatment on daily functioning. The questionnaire is
based on 136 items grouped into 12 scales (sleep and
rest, eating, work, home management, recreation and
pastimes, ambulation, mobility, body care and move
ment, social interaction, alertness, emotional behavior,
[60]
and communication) . The SIP provides the opportunity
to calculate a total score, ranging from 0 (best) to 100
(worst), and patients mark only items that relate to their
health at that time. Change in the total SIP score after a
predetermined period of time of treatment or follow-up
could be a measure of change in overall HRQοL.

CLDQ

The CLDQ is a validated tool for evaluating quality of
[61]
life in subjects with chronic liver disease . The CLDQ
contains 29 items grouped in six domains: abdominal
symptoms (three items), fatigue (five items), systemic
symptoms (five items), activity (three items), emotional
function (eight items) and worry (five items). For each
question patients were ranked on a 7-point scale, with
higher scores indicating better HRQοL. Data are pre
sented by domain, overall and by items.

Short Form-36

Short Form-36 (SF-36) is a paper-pencil test corrected
for age, education and occupation of a healthy Italian
[62]
population sample , which investigates the full range
of the patient’s health status by 36 multiple-choice
questions. The test measures eight domains, four in
the area of “physical health” (physical functioning, role
limitation-physical, bodily pain, general health) and four
in the area of “mental health” (role limitation-emotional,
vitality, mental health and social functioning). Each
domain is scored between 0 and 100 points, when
higher scores indicate a better HRQoL. It includes a final
question on the patient’s perception of changes in his/
her health condition in the previous 12 mo. The physical
component summary (PCS) and the mental component
summary (MCS) may also be computed. The SF-36 has
a strength limitation, it is validated only in italian popu
lation.

MHE AND HRQOL ASSESSMENT
There is no single optimal measure to assess the pre
sence of MHE. In fact, none of the methods proposed
cover all aspects of HE, appropriate norms are needed
for a good sensitivity and specificity in identifying patients
at risk of overt HE, the rate of pathological results
in patient groups without overt HE differs markedly
and finally the results of the various methods are not
consistent. However, with a significant negative impact
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THE ROLE OF MHE TREATMENT ON QOL
MHE and CHE can alter severely patient’s daily life, and
in certain cases (e.g., impairment of driving skills or work
performance, poor QoL, or cognitive complaints) the

5448

December 28, 2018|Volume 24|Issue 48|

WJG|https://www.wjgnet.com

5449

2014

2011

Bajaj et al[83]

Luo et al[84]

Meta-analysis

Original,
randomized

Original

Randomized,
double-blind,
placebo-controlled
study.

Original,
Observational

Original,
randomized

Original,
randomized

Original,
randomized

Original,
randomized

Original,
randomized

Original,
randomized

Study
type
Lactulose

Active treatment (s)

NCT A, NCT B,
Digit Symbol test
NCT A NCT B,
Digit Symbol test,
BDT
Different diagnostic
tools

TMT-A, TMT-B

NCT A, NCT B,
Digit Symbol test,
BDT, ICT
NCT-A, NCT-B,
LTT, SDT, DST

Lactulose

Probiotics

Rifaximin

Acetyl-L-carnitine
twice a day

Resveratrol

Rifaximin

NCT A, FCT A,
Rifaximin
Digit Symbol test,
BDT, PC
NCT A, FCT A,
Lactulose vs Rifaximin
Digit Symbol test,
BDT, PC
NCT A, NCT B, Lactulose or Probiotics
FCT A, FCT B,
or LOLA
PC, BDT
NCT A, Digit
Probiotic yogurt
Symbol Test, BDT

NCT A, NCT B,
FCT A, FCT B, PC,
BDT

MHE/CHE
diagnosis

434

30 (14)

26 (26)

33 (34)

35 (35)

42 (21)

25 (17)

160
(40/40/40)

112 (55/57)

94 (49)

45 (25)

Patients
treated

Variable

8

1

13

Variable

8

8

12

12

8

12

Weeks of
treatment

MHE reversal in 71% vs 0%; OHE
development in 0% vs 25%; no differences
in QoL and cytokine Levels. Excellent
adherence in cirrhotics after probiotic yogurt
supplementation with potential for long-term
adherence
Improvement in psychometry, driving
performance and QoL

MHE reversal in 19/40 vs 14/40 vs 14/40 vs
4/40. Improvement in QoL.

Significant improvement in psychometry: P
< 0001; and QoL: P < 0.002. Improvement in
HRQoL was related to the improvement in
psychometry.
MHE reversal in 37/49 vs 9/45. Improvement
in QoL. Improvement in HRQoL correlated
with improvement in psychometry
MHE reversal in 38/55 and in 42/57; HRQoL
was significantly improved in both groups

Main results

Resveratrol showed efficacy in the treatment
of depression, anxiety, and ammonia serum
levels, and improved the quality of life Of
MHE patients.
Clinical and laboratory assessments,
treatment is associated with significant
psychometric tests and automated
improvement in patient energy levels, general
electroencephalogram (EEG) analysis and QoL functioning and well-being. The improvement
evaluations
of quality of life is associated with reduction of
anxiety and depression.
Psychometry, ammonia, SIBO
MHE reversal in 15/26; reduction in SIBO and
ammonia levels
Psychometry, ammonia, inflammatory
Reduction in endotoxin and TNF-α but not
markers, QoL
in cytokines. No effects on psychometric
performance
Psychometry, ammonia levels, QoL,
Lactulose superior to placebo on all outcomes
progression to OHE
(psychometry: RR = 0.52, 95%CI: 0.44-0.62, P <
0.00001)

QoL, ammonia levels

Psychometry, QoL, driving ability, antiinflammatory interleukins

MHE reversal, OHE development, QoL,
ammonia, cytokines

Psychometry, ammonia, QoL

MHE reversal, QoL

MHE reversal, QoL

Psychometry, QoL

Objectives

MHE: Minimal hepatic encephalopathy; OHE: Overt hepatic encephalopathy: HRQoL: Health related quality of life; NCT-A: Number connection test-A; NCT-B: Number connection test-B; BDT: Block design test; SDT: Serial
dotting test; DST: Digit symbol test; LTT: Line tracing test; PHES: Psychometric hepatic encephalopathy score; ICT: Inhibitory control test; CFF: Critical flicker frequency; EEG: Electroencephalogram; ICT: Inhibitory control test;
BCAA; Branched chain amino acids; SIBO: Small intestine bacterial overgrowt; CEP: Cognitive evoked potentials; TNF: Tumor necrosis factor.

2015

Zhang et al[82]

2011

Malaguarnera et al[77]

2008

Bajaj et al[72]

2018

2011

Mittal et al[68]

Malaguarnera et al[76]

2016

Sidhu et al[65]

2011

2011

Sidhu et al[43]

Bajaj et al[81]

2007

Year

Prasad et al[10]

Author

Table 1 Published studies aimed to assess the role of treatment on quality of life of patients with minimal hepatic hencephalopathy
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[76,77]

indication to adopt any given pharmacological treatment
may prevail. However, because of various methods used
to assess the presence of MHE and CHE, the varying and
multiple endpoints, the short-term treatment trials, and
differing agents used in trials to date, recently published
guidelines state that treatment of MHE and CHE is not
routinely recommended apart from on a case-by-case
[63]
basis . Table 1 provides a complete overview of the
studies of MHE treatment in the specific setting of QoL.
Concerning specific treatments, rifaximin is an oral
non-systemic broad-spectrum antibiotic, similar to rifam
pin. Rifaximin, after concentrating in the gut, is able to
modulate the intestinal to reduce intestinal ammonia and
[64]
toxin formation. Bajaj et al demonstrated that patients
with MHE treated with rifaximin for an 8-wk period
showed significantly greater improvements in the psycho
social dimension of the SIP and in driving and cognitive
performance than patients treated with placebo. These
results were confirmed in another randomized controlled
trial (RCT), in which the authors demonstrated that
rifaximin is significantly able to improve both cognitive
[43]
functions and HRQoL in patients with MHE . Recently,
an RCT comparing rifaximin with lactulose for MHE
reversal and HRQoL amelioration failed to demonstrate
[65]
significant differences between groups .
Lactulose or lactitol are non-absorbable disaccharides
used widely in the management of OHE. Lactulose is
fermented in the colon, being metabolized to acetic and
lactic acid, acidifying intestinal contents and conversion
+
of ammonia (NH3) to ammonium (NH4 ) that is not
systemically absorbed and is excreted in stool. Moreover,
lactulose also has a cathartic effect, increasing nitrogen
[10]
excretion fourfold. Although Prasad et al
concluded
that lactulose treatment improves both cognitive func
tion and HRQoL in MHE patients, most subsequent
studies have not provided strong evidence confirming
the efficacy of non-absorbable disaccharides in MHE
[43,66-69]
treatment
. A meta-analysis evaluating the role
of pharmacological treatment with non-absorbable dis
accharides in patients with MHE failed to show clear
evidence that any treatment played a convincing role in
[70]
improving cognitive function and HRQoL .
Probiotics are live microorganisms and synbiotics
are probiotics with the addition of fermentable fiber able
to change the balance of intestinal microflora. The sup
posed mechanism of action is that, reducing intestinal
bacterial urease activity, these drugs decrease the
absorption of ammonia and other gut-derived toxins
potentially involved in the pathogenesis of (M)HE.
Seven recently published RCTs were aimed to evaluate
the role of probiotic treatment/supplementation in
treating MHE. Unfortunately, the results do not support
the evidence on the efficacy in MHE reversal of a
treatment with probiotics alone or in addition to other
[67-69,71-74]
drugs
. In fact, no significant difference in the
improvement of QoL, MHE, hospitalization rates, or
progression to OHE has been reported when probiotics
[75]
were compared with lactulose . Carnitine a resveratrol
have also been proposed with encouraging results in
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[78]

MHE treatments
, as well as polyethylene glycol ;
[79]
or nitazoxanide , actually proposed for OHE treatment,
could be considered for future studies for MHE treatment.
Finally, recently published European Association of Liver
disease Clinical Practice Guidelines on Nutrition in chronic
liver disease highlight to avoid protein restriction in
[80]
patients with HE .

CONCLUSION
MHE and CHE represent a broad spectrum of neuro
psychological manifestations of liver disease in which the
detection of risk thresholds for the occurrence of OHE,
impairment in daily life activities and in QoL has unfor
tunately not yet been well defined. Studies specifically
aimed at establishing whether a treatment of MHE is able
[27]
to affect clinically relevant endpoints are still needed .
The presence of minimal or CHE should be assessed
following objective and universal modalities. Following
this direction, only changes of psychometric tests should
not be chosen as the main endpoint of the study; being
only used as a criterion to include comparable patients.
The sample size should be assessed according to clini
cally relevant endpoints, such as the quality of life or
the occurrence of OHE during the follow up. For the
assessment of the efficacy of a treatment in patients
with MHE, the organization of large multicenter studies is
considered mandatory, as well as a parallel design with
a placebo or a no-treatment arm should be considered
necessary. In this specific setting, the majority of studies
enrolled patients with MHE diagnosed with different
modality and studies have been designed with a different
aim. Therefore, these evidences cannot be comparable,
and we cannot draw unequivocal conclusions. Moreover,
because MHE is a chronic condition, the tested drug
should be administered for a very long period of time
without significant side-effects. Among the emerging
drugs, modulators of the intestinal bacterial flora should
be the first candidates to be tested in this field. Future
studies should fill the gaps in our knowledge.
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Abstract
The biosynthesis of prostanoids is involved in both physio
logical and pathological processes. The expression of
prostaglandin-endoperoxide synthase 2 (PTGS2; also
known as COX-2) has been traditionally associated to
the onset of several pathologies, from inflammation to
cardiovascular, gastrointestinal and oncologic events. For
this reason, the search of selective PTGS2 inhibitors has
been a focus for therapeutic interventions. In addition
to the classic non-steroidal anti-inflammatory drugs,
selective and specific PTGS2 inhibitors, termed coxibs,
have been generated and widely used. PTGS2 activity is
less restrictive in terms of substrate specificity than the
homeostatic counterpart PTGS1, and it accounts for the
elevated prostanoid synthesis that accompanies several
pathologies. The main regulation of PTGS2 occurs at
the transcription level. In addition to this, the stability
of the mRNA is finely regulated through the interaction
with several cytoplasmic elements, ranging from specific
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microRNAs to proteins that control mRNA degradation.
Moreover, the protein has been recognized to be the
substrate for several post-translational modifications
that affect both the enzyme activity and the targeting
for degradation via proteasomal and non-proteasomal
mechanisms. Among these modifications, phosphorylation,
glycosylation and covalent modifications by reactive lipidic
intermediates and by free radicals associated to the proinflammatory condition appear to be the main changes.
Identification of these post-translational modifications
is relevant to better understand the role of PTGS2 in se
veral pathologies and to establish a correct analysis of
the potential function of this protein in diseases progress.
Finally, these modifications can be used as biomarkers to
establish correlations with other parameters, including the
immunomodulation dependent on molecular pathological
epidemiology determinants, which may provide a better
frame for potential therapeutic interventions.

the biosynthesis of different prostanoids, such as se
veral prostaglandins, via tissue specific prostaglandin
[11,12]
synthases, thromboxane A2 and other eicosanoids
.
Provision of arachidonic acid as substrate is dependent
on the activation of phospholipase A2, which in turn,
responds to different cell stressors connecting phos
[10,11,13,14]
pholipid hydrolysis to prostanoid synthesis
(Figure 1). Both PTGS isoforms are conserved among
mammals and weight 70-75 kDa. They share more
than 60% sequence homology in mammalian species
and retain more than 85% identity when comparing
orthologues from different species, displaying conserved
regulatory and catalytic domains as depicted in Figure
2. Structural studies show that the isoleucine located at
position 523 in PTGS1 is substituted by valine in PTGS2
(position 509) and this difference in hydrophobicity and
size constitutes the basis for the design of selective,
isoenzyme-specific hydrophobic inhibitors, such as the
[15-17]
coxibs
. Regarding the conserved protein motifs,
they include an epidermal growth factor-like domain
followed by a membrane-binding region that allows
positioning of the different PTGS in cytoplasmic microambiances. The catalytic site of the enzyme involves two
independent activities: the deoxygenation of arachidonic
acid and an additional site responsible for the subsequent
[18]
reduction via the peroxidase activity . These domains
are relevant for the subcellular localization of PTGS al
lowing the protein to interact with the luminal space of
the endoplasmic reticulum and with the nuclear mem
brane. This is important to understand the activity of
the enzyme since phospholipases and their targets,
the phospholipids required to release arachidonic acid,
[19-23]
are located in biological membranes
. Additionally,
other free fatty acids, such as eicosanepentaenoic
[24]
[23]
acid , docosahexaenoic acid , α-and γ-linolenic acid
or linoleic acid can be metabolized by PTGS2 leading to
[25,26]
molecules involved in the control of inflammation
(Figure 3). Several works described selective distribution
of both PTGS isoforms in the cell, with a preferred
positioning of PTGS2 near the nuclear structure. This
is also pertinent for the fate of the products of the en
[10]
zymes . These prostanoids can be released to the
extracellular milieu and exert their autocrine or paracrine
actions either by the specific G protein-coupled receptor
(GPCR)-coupled prostaglandin E2 (PGE2) receptor (EP)
[27]
receptors , by diffusion or through the interaction with
several transporters (i.e., the prostaglandin transporter
system, the ABC cassettes, or the scavenger lipid
[28-30]
receptor CD36
). In addition to GPCR-mediated early
signaling, prostanoids may alter gene transcription after
interaction with several nuclear receptors, such as the
[31-33]
peroxisomal proliferator activated receptors (PPARs)
.

Key words: Prostaglandins; Prostaglandin-endoperoxide
synthase 2; Post-translational modifications; Glycosylation;
Colorectal cancer; Inflammation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The post-translational modifications of prosta
glandin-endoperoxide synthase 2 (PTGS2) appear to be
specific signatures of this enzyme in human colorectal
cancer (CRC). Glycosylations of PTGS2 that alter the
electrophoretic mobility of the protein are mainly ob
served in the tumor samples but are absent in the nontumor samples obtained from these patients. These
modifications not only may play a pathophysiological
role in the progression of CRC but also may provide new
biomarkers to develop specific therapeutic interventions.
Jaén RI, Prieto P, Casado M, Martín-Sanz P, Boscá L. Posttranslational modifications of prostaglandin-endoperoxide
synthase 2 in colorectal cancer: An update. World J
Gastroenterol 2018; 24(48): 5454-5461
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5454.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5454

INTRODUCTION
The role of prostaglandin-endoperoxide synthase 2
(PTGS2) in physiology and pathophysiology has been
addressed in different studies since this enzyme is
induced under several circumstances, including inflam
[1-6]
mation, tumor progression and cell survival . Two
PTGSs are present in mammalian cells: PTGS1, which
is constitutively expressed in almost all tissues at low
levels, playing a homeostatic role; and PTGS2, which
is considered as an immediate early gene that is ex
pressed in response to a wide array of cell challenges
[7-10]
and stressors
. Both enzymes catalyze the same
reaction, which constitutes the rate-limiting step in
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PTGS2 EXPRESSION IN COLORECTAL
CANCER TUMORIGENESIS
The role of PTGS2 expression in the initiation and pro
gress of colorectal cancer (CRC) still remains a matter
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Phosphatidylinositols

Lipoxygenases
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15ΔPGJ2

PGD2

that elevated PTGS2 levels repress 15PGDH expression
and vice versa, elevated 15PGDH use to repress PTGS
levels through different complementary mechanisms,
involving destabilization of the PTGS2 mRNA via specific
[8,14,42]
interaction with microRNAs
. Finally, the interplay
between different contributors to CRC is moving towards
a new integrative view that considers the immunological
modulation due to several agents, including vitamin D,
polyunsaturated fatty acids, diets with specific content in
omega-3/-6, and pharmacological treatment with broad
(aspirin) or selective PTGS2 inhibitors (coxibs). Together,
these factors determine the immune modulation of
what is defined as the immunomodulatory molecular
pathological epidemiology (PME), as an integrated view
of the environment-tumor-immune interactions, that
may establish efficient protocols for immunoprevention
and immunotherapy, leading to a better precision medi
[43,44]
cine
.
PTGS2 is mainly regulated at the transcription
level. The promoter region of PTGS2 contains several
regulatory elements conferring response to transcription
factors such as activating protein-2 (AP-2), nuclear
factor kappa B (NF-κB), cAMP response element
(CRE), E-box and Sp1, with various sites with impact
[35,45-47]
on the promoter activity
(Figure 2). Despite this
presence of canonical conserved transcription regulatory
elements, preliminary data from our group show that
the activity of the promoter has specific signatures
when comparing its activity in rodent vs human cells,
at least in the response to the engagement of NF-AT
sites. Indeed, NF-AT inhibition with cyclosporine A or
tacrolimus results in the repression of the pro-inflam
matory transcriptional regulation in human cells, but
not in the rodent counterparts, suggesting a specific
fine-tuning of the promoter activity of this gene, at
least in myeloid and hepatic cell lines (Figure 4). More
over, PTGS2 expression is controlled also at posttranscriptional level; from a gene containing 10 exons
and producing at least three products ranging from
4.6 to 2.8 kb, a regulatory site, positioned in the last
exon that contains the 3’-UTR encoding sequences,
[48]
is responsible for RNA instability . As a result of this
complex regulation, the levels of prostaglandins may
vary significantly among several pathological situations,
due to the availability of different substrates for the
enzyme, the post-translational modifications occurring
in a given tissue and/or the capacity to export and
degrade the PTGS products (15PGDH; lipoxygenases,
etc.). Indeed, it has been proposed a role for PGE2 in
the CRC stem cell expansion and metastasis, at least in
[34]
mice models of the disease . Nevertheless, consensus
exists regarding the fact that PTGS2 expression is asso
ciated with various pathophysiological events, ranging
from inflammatory diseases to different cancers. The
main problem encountered by researchers in the field
is the frequent lack of correlation between mRNA and
protein levels of PTGS2 and the corresponding bio
synthesis of prostanoids, mainly PGE2. This is due to

Diacyglycerol

LTB4 and LTE4

Cyclooxygenase/
Peroxidase

PTGS1/2

PGH2

PGI2
PGE2
PGF2a

TXA2

Figure 1 Biochemical reactions catalyzed by prostaglandin-endoperoxide
synthase using arachidonic acid as substrate. Phospholipids are cleaved
by phospholipases to render arachidonic acid. Prostaglandin-endoperoxide
synthase activity generates the precursor prostaglandin H2 that is converted in
the different prostaglandins (PGs) by prostaglandin synthases and thromboxane
A2, by thromboxane synthase. PG: Prostaglandin; PTGS: Prostaglandinendoperoxide synthase.

of debate. On one hand, epidemiological studies using
broad (aspirin, indomethacin) or selective inhibitors of
the PTGS isoforms at least suggest that under these
conditions, prevention occurs in the development of
[1,16,31,34,35]
CRC
. However, direct measurement of PGE2
levels in samples from adenomatous vs healthy tissue
fails to show a clear cut-off supporting tumor growth and
survival. In addition to this, the use of selective inhibitors
of the EP receptors also contributes to the suggestion
that autocrine signaling is perhaps critical in the com
mitment of the tumor cells to proliferate and invade
the tissue via activation of mitogenic and metastatic
[6,27,31,34,36,37]
pathways
. In addition to this, it is well known
the capacity of PGE2 to favor angiogenesis of epithelial
cells, contributing to the spreading and survival of the
tumor. Moreover, due to the immunosuppressive activity
of extracellular prostanoids, the anti-tumor role of the
immune system is compromised, favoring the survival
[3,33]
of the transformed cells in this microenvironment
.
Not only the released products of PTGS2 have this ca
pacity to alter cell fate, but at the intracellular level,
prostaglandins itself or as result of oxidation due to
increased oxidative stress may contribute to activate
nuclear receptors, such as PPARs, that oppose to the
pro-inflammatory defense mechanism favoring onco
[31,32]
genic progression
. Thus, the amount and fate of
the products released by PTGS2 activity have different
functions in the onset of CRC. Moreover, several authors
have considered the possibility that, at least for PTGS1,
it may exert “moonlighting” functions whose biological
[38,39]
relevance remains to be established
. Additionally,
the PTGS products can be modified by another series
of enzymes, the 15PGDHs, which are transcriptionally
regulated and determine the prostanoid levels coming
from the PTGS activity, contributing in this way to
the fine tuning of the activity of these lipid mediators
and their involvement on the pathophysiology of CRC
[40,41]
tumorigenesis
. Indeed, agreement exists in the
opposite regulation of PTGS2 and 15PGDH in the sense
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Figure 2 Comparison of the promoter region, gene structure and protein sequence of consensus prostaglandin-endoperoxide synthase 1 and 2. The
scheme shows the main transcription factors involved in the transcriptional control of prostaglandin-endoperoxide synthase (PTGS), the structure of the mRNA and
the structural motifs present in the protein and relevant for the activity of the enzyme. The glycosylation of PTGS has effects on the activity and fate of the protein,
protecting PTGS2 from proteasomal degradation. In addition to this, the electrophoretic mobility of the protein is altered by the glycosylation status of the protein.
PTGS: Prostaglandin-endoperoxide synthase; AP-2: Activating protein 2; CRE: cAMP response element; NF-κB: Nuclear factor kappa B.
Arachidonic acid
(AA, 20:4 n-6)
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Figure 3 Alternative use of polyunsaturated fatty acids. Aspirin may alter the activity of prostaglandin-endoperoxide synthase (PTGS) since it inhibits PTGS1,
but retains the cyclooxygenase activity from PTGS2, leading to the synthesis of 15R-hydroxyeicosatetraenoic acid, from arachidonic acid, or 13- or 17R-hydroxydocosahexaenoic acid, from docosahexaenoic acid. PTGS: Prostaglandin-endoperoxide synthase; HETE: Hydroxyeicosatetraenoic acid; HDHA: Hydroxydocosahexaenoic acid.

the exquisite control on the transcription of the gene;
the existence of sequences that destabilize the mRNA
and the posttranslational modifications that alter not
only the catalytic activity of the enzyme, but also the
stability of the protein, usually favoring proteasomal
[49-51]
and non-proteasomal degradation
. Indeed, some
suggestion of a ‘moonlighting’ effect for the protein
has been reported for PTGS, an aspect of growing
[38,39,52]
interest in the cancer field
. Finally, more than
40 clinical trials on the use of coxibs in CRC have been
registered (ClinicalTrials.gov). Despite the controversy
on the use of selective (coxibs) vs less specific PTGS2
inhibitors (NSAIDS) the main problems coming from
these studies of chemoprevention are associated to
the lack of specific biomarkers on the progress of the
[53]
disease and the existence of side effects that, at the
end, represent a serious bias in the establishment of
the critical parameters associated to the onset of the
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[16,34,54]

pathology

.

PATHOPHYSIOLOGICAL RELEVANCE
OF THE POST-TRANSLATIONAL
REGULATION OF PTGS2
Apart from the classic pharmacological acetylation by
[55]
aspirin on Ser530 in PTGS1 and Ser516 in PTGS2 , that
prevents the full activity of the enzyme [PTGS2 retains
the ability to generate 15R-hydroxyeicosatetraenoic acid
(HETE) from arachidonic acid], other physiological posttranslational modifications have been described for the
PTGS isoenzymes. These modifications have an impact
on the catalytic activity, on the subcellular localization,
and on the targeting of the protein for degradation via
proteasomal or non-proteasomal (endoplasmic reticulum[51]
dependent pathways) pathways . Overall, these modifi
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Figure 4 Prostaglandin-endoperoxide synthase 2 exhibits species-specific transcriptional control. Despite the broad conservation of the transcription factor
motifs in the prostaglandin-endoperoxide synthase 2 promoter, the activity of the promoter in response to the NF-AT inhibitor cyclosporine A (CsA) is repressed in
human hepatic cell lines, but enhanced in murine hepatic counterparts. To confirm this effect, murine AT3F hepatic cells and human CHL hepatic cells were transfected
with different constructions of the promoter linked to a luciferase reporter gene (see[46] for details). The protein levels and the luciferase activity were determined at 24h
after treatment with the indicated stimuli: tetradecanoylphorbol acetate 100 nmol/L, Ca2+-ionophore A23187 1 μmol/L; CsA 100 nmol/L. TPA: Tetradecanoylphorbol
acetate; CsA: Cyclosporine A; PTGS: Prostaglandin-endoperoxide synthase.

fied by different oxidants, such as nitric oxide and other
free radicals interacting with the prosthetic group, the
[56]
enzymatic activity can be altered in this way . This is
especially relevant in situations in which the high through
put nitric oxide synthase (NOS-2) is expressed and a high
synthesis of NO occurs; however, this cannot exclude
other NOS isoenzymes that, although releasing lesser
NO, because of the proximity to PTGS may selectively
affect its activity, although discrepancies in the literature
exist describing either inhibition or activation by NO. In
fact, a complex crosstalk between the NOS and the PTGS
systems has been reported in spheroid cultures of CRC:
NO inhibits PTGS activity through different pathways,
[57]
including S-nitrosylation by peroxynitrite .
Western blot analysis of PTGS2 in samples of CRC
patients and in tumor colonic cell lines have evidenced
the presence of several immunodetected bands cor
responding to PTGS2. The change in electrophoretic
mobility of the proteins is due to the presence of glycosy
lated motifs in the protein as confirmed by biochemical
and proteomic studies. Indeed, proteomic analysis of
PTGS2 characterized the main glycosylated aminoacidic
[58]
residues . Both N-and O-linked glycosylation in
asparagine and serine/threonine are possible. This glyco
sylated form is prevalent in CRC samples and in tumor
colonic cell lines, but is usually absent in samples of
[21,59-61]
healthy colonic tissue when PTGS2 is expressed
.
Indeed, this glycosylated PTGS2 is more resistant to

Common human colonic PTGS2 profile
kDa

Healthy

CRC

72

Glyco-PTGS2

68

PTGS2

Activity:
PGE2

high
high

modest
negligible
Proteasomal
degradation of
the lower
PTGS2 band

HT29
Glyco-PTGS2

PTGS2
Glucosamine
Tunikamycin

Proteasomal
inhibitors

Figure 5 Glycosylation of prostaglandin-endoperoxide synthase 2
in colorectal cancer. The main form in colorectal cancer tissues is the
glycosylated 72 kDa protein. This glycosylated prostaglandin-endoperoxide
synthase 2 (PTGS2) is also expressed in several tumor colonic cell lines
and can be deglycosylated after incubation of the cells with glucosamine or
tunikamycin. After this treatment, PTGS2 is rapidly degraded via proteasomal
activity. CRC: Colorectal cancer; PTGS: Prostaglandin-endoperoxide synthase.

cations are in the basis of most of the pathophysiological
responses associated to the different conditions in which
PTGS2 is expressed.
Since the catalytic activity of PTGS requires a func
tional heme group in the protein and this can be modi
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proteolytic degradation than the non-glycosylated
counterpart; however, we have been unable to iden
tify the specific glycosylation(s) of this PTGS2 by
using proteomic approaches. In fact, this is surprising
since previous work identified the N-glycosylation at
Asn580/594 as a condition favoring its proteolysis
[51]
through the ER-dependent pathway . However, the
absence of glycosyl marks in the protein, after treatment
with glucosamine that reverts the glycosylated band
to the non-glycosylated form, targets the protein for
a rapid degradation, as reflected by the absence of
changes in the mRNA levels, but inducing a significant
decrease in the protein levels of HT29 cells treated with
[61]
glucosamine . Moreover, inhibitors of the proteasome
prevent the degradation of PTGS2 in colonic cell lines
treated with glucosamine. In addition to this, the cata
lytic activity of glycosylated PTGS2 is lesser than the
[59,61]
corresponding to the non-glycosylated form
. Final
ly, additional work is required to address the effect of
PTGS2 glycosylation on the response to the classic
inhibitors of the enzyme, a condition of pharmacologic
and therapeutic interest in the regulation of the catalytic
[62]
activity of the enzyme . Figure 5 summarizes the effect
of glycosylation on PTGS2 activity and fate.
Another issue no completely resolved in the posttranslational modifications of PTGS2 is the phosphory
lation in tyrosine and serine/threonine residues. In fact,
PTGS2 contains consensus motifs for the phosphorylation
by protein tyrosine kinases, such as FYN. However, direct
proofs for the occurring of such phosphorylations have
failed to provide sufficient evidence. The same happens
for the PKC phosphorylation motifs present in the protein.
However, it appears that specific tyrosine phosphorylation
is required for the functional glycosylation of PTGS2,
suggesting the convergence of different pathways in the
final post-translational modifications of the enzyme, with
relevance not only for the enzymatic activity but also for
[9]
the targeting and degradation .

3
4
5
6

7

8

9

10
11

12

13

CONCLUSION
Understanding the pathophysiological role of the posttranslational modifications of PTGS2 remains a subject of
research in the area of oncology. Assessment of the role
of prostanoids in CRC initiation and progression may con
tribute to a better management of the patients and in the
proposal of therapeutic interventions intended to regulate
colonic PTGS2 activity. Finally, the possibility exists to use
PTGS2 post-translational modifications in biopsies as an
additional predictive biomarker in CRC evaluation, and a
better integration in the immunomodulatory-molecular
[43]
pathological epidemiology .
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Abstract
AIM
To study the counteraction of perforated cecum lesion
using BPC 157 and nitric oxide (NO) system agents.

Institutional review board statement: The study was reviewed
and approved by the Department of Veterinary, Ministry of
Agriculture, Republic of Croatia, No: UP/I 322-01/07-01/210.

METHODS
Alongside with the agents’ application (after 1 min,
medication (/kg, 10 ml/2 min bath/rat) includes: BPC
157 (10 μg), L-NAME (5 mg), L-arginine (100mg) alone
or combined, and saline baths (controls)) on the rat
perforate cecum injury, we continuously assessed the
gross reappearance of the vessels (USB microcamera)
quickly propagating toward the defect at the cecum
surface, defect contraction, bleeding attenuation, MDA-
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and NO-levels in cecum tissue at 15 min, and severity of
cecum lesions and adhesions at 1 and 7 d.

INTRODUCTION
[1-3]

In cecum perforation studies
the immediate postperforation threat is rarely studied, particularly regarding:
the rapid disappearance of blood vessels in the cecum
serosa that are instantly emptied and thereby “disappear”,
perforation defect enlargement, bleeding and fluid
leakage, increased oxidative stress and disturbed nitric
oxide (NO) levels in cecum tissue. Likewise, the possible
effect of cytoprotective agents, known to act as a class
on endothelium maintenance in the gastrointestinal tract
[4-9]
(and, thereby, mucosal maintenance) , especially the
stable gastric pentadecapeptide BPC 157 as a cytopro
tective agent rapidly acting on endothelium integrity
[10-19]
maintenance
, has been not investigated.
We focused on a perforated cecum, the stable gastric
pentadecapeptide BPC 157, the NOS-blocker L-NAME,
and the NOS-substrate L-arginine, as well as on the initial
post-perforation period, rapid disappearance of blood
vessels at the cecum serosa (emptied/disappeared),
a large immediate defect, bleeding, leakage of fluid,
increased oxidative stress and disturbed NO levels in
cecum tissue. The rationale was the beneficial effects in
rats with ischemic colitis and inferior caval vein occlusion
[20,21]
syndrome
and the particular effect of BPC 157 on
[20,21]
blood vessels
. Namely, we recently demonstrated
that BPC 157 rapidly activated the collateral circulation
from existing vessels in rats with ischemic colitis or
[20,21]
inferior caval vein occlusion
. In ischemic colitis (i.e.,
segment of the left colic artery and vein excluded by two
ligations) we proved effectiveness by passing through
[20]
arcade vessels . Antagonizing the syndrome of inferior
caval vein infrarenal occlusion, we evidenced by passing
[21]
through the left ovarian vein and other veins . These
accentuated the specific action of BPC 157 to reestablish
blood flow, and exert its free radical scavenger effect in
[20,21]
both ischemia and reperfusion
.
In addition, BPC 157, as a novel mediator of Robert’s
[4,10-19]
cytoprotection
, also affects several other molecular
[21-27]
pathways
. It is native and stable in human gastric
juice and maintains gastrointestinal mucosal integ
[10-19]
rity
, and it represents a prototype of a more effective
class of cytoprotective agents with both prophylactic and
[5,17]
therapeutic abilities
(unlike standard cytoprotective
agents that exhibit only prophylactic effectiveness
[4-9]
(shared limitation of activity)) . BPC 157 (used in ulce
rative colitis and now in multiple sclerosis trials) also
[20,28-33]
counteracts colitis (in various models of colitis)
[34-38]
and its complications, such as fistulas
, failed healing
[28,29,39,40]
of anastomoses
and other gastrointestinal le
[10-19]
sions
, given parenterally or orally. Furthermore, BPC
157 is known to counteract thrombosis, not only after
[41]
abdominal aorta anastomosis
or inferior caval vein
[21]
ligation , but also after bleeding prolongation upon
amputation and the administration of anticoagulants
[42,43]
[21]
and aspirin
or inferior caval vein ligation . This

RESULTS
Post-injury, during/after a saline bath, the number of ves
sels was significantly reduced, the defect was slightly nar
rowed, bleeding was significant and MDA-levels increased
and NO-levels decreased. BPC 157 bath: the vessel
presentation was markedly increased, the defect was no
ticeably narrowed, the bleeding time was shortened and
MDA- and NO-levels remained normal. L-NAME: reduced
vessel presentation but not more than the control, did
not change defect and shortened bleeding. L-arginine:
exhibited less vessel reduction, did not change the de
fect and prolonged bleeding. In combination, mutual
counteraction occurred (L-NAME + L-arginine) or the pre
sentation was similar to that of BPC 157 rats (BPC 157
+ L-NAME; BPC 157 + L-arginine; BPC 157 + L-NAME +
L-arginine), except the defect did not change. Thereby
at day 1 and 7, saline, L-NAME, L-arginine and L-NAME +
L-arginine failed (defect was still open and large adhesions
present).
CONCLUSION
The therapeutic effect was achieved with BPC 157 alone
or in combination with L-NAME and L-arginine as it was
able to consolidate the stimulating and inhibiting effects of
the NO-system towards more effective healing recruiting
vessels.
Key words: BPC 157; perforated cecum; L-arginine;
L-NAME; vessels; rats
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In rats, the cecum was exposed, and a perfo
ration (5-mm diameter) was made at the ventral face
of the basal region of the cecum close to the largest
curvature. After 1 min, a bath (1 ml/rat) containing BPC
157, L-NAME, L-arginine, saline (controls) was directly
applied to the perforated cecum, alone or in combination.
Previously, BPC 157 rapidly activated the collateral
circulation from existing vessels in ischemic colitis or
inferior caval vein occlusion (by passing through the
arcade vessels or the left ovarian vein and other veins) to
reestablish blood flow and exert its free radical scavenger
effect in both ischemia and reperfusion.
Drmic D, Samara M, Vidovic T, Malekinusic D, Antunovic M,
Vrdoljak B, Ruzman J, Milkovic Perisa M, Horvat Pavlov K,
Jeyakumar J, Seiwerth S, Sikiric P. Counteraction of perforated
cecum lesions in rats: effects of pentadecapeptide BPC 157,
L-NAME and L-arginine. World J Gastroenterol 2018; 24(48):
5462-5476
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5462.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5462
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[21,41-43]

ments, which were approved by the local ethics com
mittee. The perforation procedure was performed in rats
that had food and water ad libitum before the procedure
and until the end of the experiment.

effect is related to its endothelial maintenance
and its interaction with the NO system, which provides
the counteraction of both the opposite effects of L-NAME
(prothrombotic) and L-arginine (antithrombotic) appli
[43]
cation . Otherwise, bleeding from the perforated lesion
and perforated lesion outcome might be complicated
with these innate L-NAME and NOS substrate L-arginine
[43]
effects .
[20,21]
In practice, as described previously
, our ap
proach to cure a perforated cecum begins with the
original understanding of stomach cytoprotection (a
very rapid protection of the stomach endothelium and
epithelium against diverse direct injuries; endothelium
maintenance → epithelium maintenance), regularly
[4-9]
shown with cytoprotective agents . This was further
[20,21]
perceived as an extended cytoprotection background
(endothelium maintenance → epithelium maintenance
= blood vessel recruitment and activation towards the
site of injury), also described as “bypassing” occlusion
[20,21]
via alternative ways, as demonstrated with BPC 157
,
which can likely cure rats with a perforated cecum and
thereafter. Furthermore, antagonization of two distinct
detrimental obstructive events (i.e., left colic artery and
vein ligation-colitis and inferior caval vein-infrarenal
[20,21]
ligation-full syndrome)
appears. Likewise, positive
outcome matching also appears, providing a special ef
fect: blood vessel recruitment to organize bypassing of
vessel occlusions and reestablishment of blood flow by
[20,21]
BPC 157 therapy
. Thus, we can make the argument
that, under analogous or more severe conditions (i.e.,
perforated cecum), a similar positive outcome will appear.
If this occurs, we can attenuate cecum perforation
syndrome; in BPC 157-treated rats, therapy may lead
to attenuation and reversal of the consequent tissue
damage. Specifically, a reversal of vessel disappearance
by vessels “running” toward the defect (vessels filled/
reappeared), transition of defect enlargement to defect
[34-38]
narrowing (note, fistula defects healing)
, change
[21,42,43]
from prolonged bleeding to bleeding attenuation
,
induced reduction of increased MDA values and nor
[20,21]
malization of NO values in cecum tissue
. In sub
sequent days and weeks, this may lead to a closed ce
cum defect and attenuation of adhesion formation.
For further clarification and to demonstrate a direct
beneficial effect, medication (BPC 157, L-NAME, and
L-arginine, alone and/or together) was applied directly
[20,21]
to the injury
once during surgery, as a bath to the
perforated cecum, the solution then spread throughout
the abdominal cavity. Consequently, the beneficial effects
are directly related to the reversal of perforated injury
outcome consequences, in both the early and later pe
riods. These effects may be triggered shortly after injury
initiation, or reverse an already advanced injury course.

Drugs

Pentadecapeptide Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-AlaAsp-Asp-Ala-Gly-Leu-Val, M.W. 1419, named BPC 157,
a part of the sequence of human gastric juice protein
encoded by BPC, freely soluble in water at pH 7.0 and
in saline, was prepared (Diagen, Ljubljana, Slovenia) as
[10-21]
described previously
. The peptide with 99% highpressure liquid chromatography (HPLC) purity, 1-des-Gly
[10-21]
peptide as a biologically inactive impurity, was used
.
L-NAME and L-arginine were commercially purchased
(Sigma, United States).

Perforated defect creation, medication, assessment

In deeply anaesthetized rats (thiopental (Rotexmedica,
Germany) 40 mg/kg ip, apaurin (Krka, Slovenia) 10 mg/
kg ip), the cecum was exposed, and a perforation (5-mm
diameter) was made at the ventral aspect of the basal
region of the cecum close to the largest curvature; the
rats were monitored for the next 15 min.
After 1 min, a bath (1 mL/rat) containing BPC 157
(0.01 mg/kg), NOS blocker L-NAME (5 mg/kg), or NOS
substrate L-arginine (100 mg/kg) was directly applied
to the perforated cecum, alone or combined, and sp
read through the abdominal cavity, whereas controls
accordingly received a saline bath of equal volume.
Using a USB microscope camera (Veho discovery
VMS-004D-400x USB microscope; Veho® , United
Kingdom), from the point immediately before therapy,
we recorded and assessed the blood vessels (emptied/
disappeared; refilled/reappeared) (total % of cecum
vessel augmentation/reduction from proximal to distal
end = [number of blood vessels (10 vessels assessed)
/100] × %] in terms of augmentation/reduction of each
vasa recta (0 as the point immediately before therapy)
and defect closing or widening (as % of presentation
immediately before therapy) and at particular time
points: A-after perforation (1 min), B-during application
(2 min), C-period after application (2 min), D-next 5
min period and E-period until the end of observation (15
min). The bleeding time (s) throughout that period was
also assessed; at 15 min, oxidative stress was measured
by quantifying thiobarbituric acid (TBA) reactivity as
malondialdehyde (MDA) equivalents, and nitric oxide
determination in cecum tissue was also carried out.
At day 1 and day 7, rats were relaparotimiezed,
and we assessed the serosal/mucosal defect (longest
lesion diameter, mm) and adhesion severity scoring
(adhesions of the abdominal wall-1 point; adhesions of
the intestine-1 point; adhesions of the cecal area: ventral
side-1 point/dorsal side-1 point; adhesions involving
both the intestine and colon-3 points) (resulting in a total
maximum score of 7). Representative tissue sections
were processed for further histological analysis as de
[10-21]
scribed previously
.

MATERIALS AND METHODS
Animals

Male Albino Wistar rats, 200 g b.w., were randomly
assigned (7 rats per group) and used for the experi
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Oxidative stress in cecum tissue

(Figure 4), MDA-cecum level (Figure 5); and final course
of the injury: cecum defect and adhesions at 1 or 7 days
(Table 1)] are significant in several respects.
Depending on the agent applied, the initial defensive
response confers blood vessel presentation (emptied/
disappeared; refilled/reappeared) and augmentation/
reduction (Figures 1, 6 and 7), defect closing or widening
(Figure 2) and bleeding prolongation or shortening
(Figures 3 and 7). MDA oxidative stress (Figure 5) and
NO levels (Figure 4) were determined in the cecum
tissue as well. They permit combining of initial response
to the final response (cecum defect and adhesions at 1
or 7 days (Table 1)].

At 15 min post-injury, oxidative stress in the tissue
2
samples (1 cm around the defect) was assessed by
quantifying thiobarbituric acid (TBA) reactivity as malon
dialdehyde (MDA) equivalents. Trichloroacetic acid (TCA)
was added to homogenize the tissue samples, which
were then centrifuged (3000 rpm, 5 min), and the super
natant was collected. Thereafter, 1% TBA was added,
and the samples were boiled (95 ℃, 60 min). The tubes
were kept on ice for 10 min, and the absorbance was
determined at the wavelengths of 532 and 570 nm.
The concentration of MDA was read from a standard cali
bration curve plotted using 1,1,3,3’-tetra-ethoxy propane
(TEP). The extent of lipid peroxidation was expressed as
MDA using a molar extinction coefficient for MDA of 1.56
× 105 mol/(L•cm). The results are expressed in nmol/mg
[20,21]
of protein
.

Initial course, blood vessel presentation, bleeding, and
defect contraction

Controls: In rats that received a saline bath, the initial
course was progressive vessel disappearance and very
poor vessel branching, which occurred during application
(Figures 1 and 6). Thereafter, the defect only had a
small initial contraction (Figure 2) and then continuous
widening. Additionally, there was a significant bleeding
period (Figures 3 and 7).

Nitric oxide determination in cecum tissue

At 15 min post-injury, we determined the nitric oxide (NO)
levels in cecum tissue samples using the Griess reaction
(Griess Reagent System, Promega, United States). Sul
fanilamide was then incubated with the homogenized
tissue, and then, N-1-naphthylethylenediamine dihydro
chloride was added. The Griess reaction is based on a
diazotization reaction in which acidified nitrite reacts with
diazonium ions and, in a further step, are coupled to
N-1-naphthylethylenediamine dihydrochloride, forming
a chromophoric azo derivate. The absorbance was mea
sured at 540 nm using sodium nitrite solution as the
standard. NO levels are reported in μmol/mg protein.
The protein concentrations were determined using a com
mercial kit (BioRad Protein DR Assay Reagent Kit, United
[20,21]
States)
.

BPC 157 therapy: Rats with a perforated cecum that
underwent a BPC 157 bath exhibited progressive vessel
presentation toward the injury (i.e., a network of small
vessels branching around the injury) (Figures 1 and 6).
The defect contracted during application (Figure 2) and
the bleeding period was significantly shortened thereafter
(Figure 3).
L-arginine therapy: After application of L-arginine,
rats with a perforated cecum exhibited less vessel disap
pearance (Figure 1). We noted counteracted defect wide
ning (Figure 2), and the bleeding period was significantly
prolonged (Figure 3).

Statistical analysis

Statistical analysis was performed by parametric oneway ANOVA with the post-hoc Newman-Keuls test and
non-parametric Kruskal-Wallis and subsequent MannWhitney U-tests to compare the groups. The values are
represented as means ± SD and minimum/median/ma
ximum. The results with P < 0.05 were considered sig
nificant.

L-NAME therapy: After application of L-NAME, rats
with a perforated cecum exhibited vessel disappearance
similar to controls (Figure 1). There was counteraction of
defect widening (Figure 2), and the bleeding period was
shortened (Figure 3).
Combination therapy of L-arginine and L-NAME:
After application of L-arginine and L-NAME, rats with a
perforated cecum exhibited a combined effect, with less
vessel disappearance (Figure 1), counteracted defect
widening (Figure 2) and a bleeding period in the range of
that for the control animals (Figure 3).

RESULTS
After direct administration of the agents to the site of
injury one minute after cecum perforation, the results
obtained can clearly describe the ongoing events. Of
note, after the administration of the drug directly to the
lesion, the solution spread through the abdominal cavity;
however, its effect can still be directly correlated with the
injury course (aggravated, regular, reversed), particularly
in the earliest period, and then, the final outcome is seen
at one week after surgery and medication application.
The numerous negative changes [i.e., initial course:
vessel presentation (Figure 1), defect closing or widening
(Figure 2), bleeding time (Figure 3), NO-cecum level

WJG|https://www.wjgnet.com

Combined therapy of L-arginine and/or L-NAME
with BPC 157: After application of BPC 157 with
L-arginine and/or L-NAME, rats with a perforated cecum
that underwent combined BPC 157 therapy (L-NAME +
BPC 157; L-arginine + BPC 157; L-NAME + L-arginine +
BPC 157) regularly exhibited progressive vessel presen
tation (Figure 1) and a shortened bleeding time (Figure 3),
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Total % of cecum vessels augmentation/reduction from proximal to distal end, means ± SD
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Figure 1 Blood vessels, filled/appearance or cleared out/disappearance (assessed with a USB microscope camera, Veho discovery VMS-004D-400x USB
microscope), as [total % of cecum vessels augmentation/reduction from proximal to distal end = [number of blood vessels (10 vessels assessed) /100] x
% of augmentation/reducing of each vasa recta (0 as point immediately before therapy) (A)]. A: after perforation (1 min); B: during application (2 min); C: the
period after application (2 min); D: the subsequent 5-min period; E: the period until the end of the observation (15 min). At 1 min post-injury, medication (/kg, 10 mL/2
min bath/rat) administered at the perforated (5 mm diameter) cecum lesion and cecum (M-mucosa; S-serosa), including BPC 157 (10 μg), NOS blocker L-NAME (5
mg), NOS substrate L-arginine (100 mg) alone or combined, and saline bath of equal volume (controls). Rats were then left after abdominal closure undisturbed until
sacrifice, at day 1 or day 7. aP < 0.05 vs control.
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Defect closing or widening as % of defect presentation immediately before therapy (A), means ± SD
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Figure 2 Defect closing or widening [both as % of presentation immediately before therapy (A)]; bleeding time (s); A: after perforation (1 min); B: during
application (2 min); C: the period after application (2 min); D: the subsequent 5-min period; E: the period until the end of the observation (15 min). At 1 min
post-injury, administration of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter) cecum lesion and cecum (M-mucosa; S-serosa), including BPC
157 (10 μg), NOS blocker L-NAME (5 mg), NOS substrate L-arginine (100 mg) alone or combined, and a saline bath equal volume (controls). Rats were then left after
abdominal closure undisturbed until sacrifice, at day 1 or day 7. aP < 0.05 at least vs control.
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of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter)
cecum lesion and cecum includes BPC 157 (10 μg) (B), NOS blocker L-NAME
(5 mg) (N), NOS substrate L-arginine (100 mg) (A) alone or combined, and a
saline bath of equal volume (controls) (S). Rats were then left after abdominal
closure undisturbed until sacrifice, at day 1 or day 7. aP < 0.05 at least vs
control (S).
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Figure 5 At 15 min post-injury, oxidative stress in tissue samples was
assessed by quantifying thiobarbituric acid reactivity as malondialdehyde
equivalents. Administration of medication (/kg, 10 mL/2 min bath/rat) at the
perforated (5 mm diameter) cecum lesion and cecum was BPC 157 (10 μg) or
a saline bath of equal volume (controls). Minimum aP < 0.05 vs control. MDA:
Malondialdehyde equivalents.
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L-arginine therapy: Rats with a perforated cecum that
underwent an L-arginine bath initially exhibited an open
defect larger than in the controls, and markedly more
adhesions were present (Table 1).
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L-NAME therapy: Rats with a perforated cecum that
underwent an L-NAME bath exhibited an open defect
larger than that in the controls, and markedly more ad
hesions were present (Table 1).
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Combined therapy of L-arginine and L-NAME: Rats
with a perforated cecum that underwent this combined
therapy exhibited an open defect that was found to be
larger than that in the controls, and markedly more ad
hesions were present (Table 1).
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Figure 4 15 min post-injury, we determined nitric oxide in cecum tissue
samples using the Griess reaction. Administration of medication (/kg, 10
mL/2 min bath/rat) at the perforated (5 mm diameter) cecum lesion and
cecum was BPC 157 (10 μg) or a saline bath equal volume (controls).
Minimum aP < 0.05 vs control.

Combined therapy of L-arginine and/or L-NAME
with BPC 157: BPC 157 with L-arginine and/or L-NAME
(L-NAME+BPC 157; L-arginine+BPC 157; L-NAME+Larginine+BPC 157) led to defect attenuation and even
tually no defect grossly present with fewer adhesions,
similar to the rats that received BPC 157 alone (Table 1).
NO level
In the early term, NO level assessment demonstrated
a reduction in the levels in rats that underwent cecum
perforation, but the NO values in rats with a perforated
cecum that underwent BPC 157 medication were similar
to those in healthy rats (Figure 4).

similar to the rats that received BPC 157 alone. All rats
exhibited counteraction of defect widening (Figure 2).

Final course, defect and adhesion presentation at one
day and one week of follow up

Controls: Regularly, after one day or one week, rats
that underwent cecum perforation presented with a
significant defect (Table 1, Figure 8) that remained open
and showed significant adhesions (Table 1).

Lipid peroxidation

In the early stages, lipid peroxidation assessment
demonstrated a huge increase in rats that underwent
cecum perforation but no MDA oxidative stress in rats
with a perforate cecum that underwent BPC 157 medi
cation (Figure 5).

BPC 157 therapy: Rats with a perforated cecum that
underwent a BPC 157 bath exhibited an attenuated
defect and finally, no gross defect (Table 1, Figure 8), and
markedly fewer adhesions were present.
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Table 1 Assessed cecum lesion (sum of longest diameters, mm, at mucosal site (M) and serosal site (S), means ± SD) and adhesion
severity (score 0-7, Min/Med/Max)
Medication (/kg, 10 ml/2 min bath/rat)

Assessed cecum lesion (sum of longest diameters, mm, means ± SD) and adhesion severity (score
0-9, Min/Med/Max)
Day 1

Perforated cecum lesion
0.9%NaCl (control)
5.0 ± 0.5 (M)
5.0 ± 0.5 (S)
BPC 157 (10 µg)
3.0 ± 0.0 (M)a
3.0 ± 0.0 (S)a
L-NAME 5 mg
7.5 ± 0.4 (M)a
7.5 ± 0.5 (S)a
L-arginine 100 mg
7.0 ± 0.0 (M)a
7.0 ± 0.0 (S)
L-NAME 5 mg +
7.3 ± 0.5 (M)
L-arginine 100 mg
7.3 ± 0.5 (S)
L-NAME 5 mg + BPC 157 10 μg
3.0 ± 0.0 (M)a
3.0 ± 0.0 (S)a
L-arginine 100 mg + BPC 157 10 μg
3.0 ± 0.0 (M)a
3.0 ± 0.0 (S)a
L-NAME 5 mg + L-arginine 100 mg + BPC 157 10 μg
3.0 ± 0.0 (M)a
3.0 ± 0.0 (S)a

Day 7
Adhesion severity
3/3/3
1/1/1a
5/6/6a
4/5/5a
5/6/6a
1/1/1a
1/1/1a
0/1/1a

Perforated cecum lesion
5.0 ± 0.5 (M)
6.0 ± 0.5 (S)
0.0 ± 0.0 (M)a
0.0 ± 0.0 (S)a
8.0 ± 0.4 (M)a
8.8 ± 0.5 (S)a
7.5 ± 0.3 (M)a
8.0 ± 0.4 (S)a
8.0 ± 0.3 (M)
8.2 ± 0.5 (S)
0.0 ± 0.0 (M)a
0.0 ± 0.0 (S)a
0.0 ± 0.0 (M)a
0.0 ± 0.0 (S)a
0.0 ± 0.0 (M)a
0.0 ± 0.0 (S)a

Adhesion severity
3/4/4
1/1/2a
6/6/6a
5/6/6a
5/6/6a
1/1/2a
1/1/2a
1/1/2a

At 1 min post-injury, administration of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter) lesion and cecum, includes BPC 157 (10
µg), NOS-blocker L-NAME (5 mg), NOS-substrate L-arginine (100 mg) alone or combined, a saline bath of equal volume (controls), and rats were left after
abdominal closure undisturbed till the sacrifice, at day 1 or day 7. Minimum aP < 0.05 vs control.

c

C

Before
therapy

b

With
therapy

With
therapy

Before
therapy

B

Figure 6 The perforated cecum. Perforate lesions, before therapy (c, b) (left). Perforate lesions with therapy [control, saline (C), BPC 157 (B)] (right). Illustrative
distinctive effect of medication administration (saline bath (right, upper, control (C) vs BPC 157 bath [right, low, BPC 157 (B)]. Regular failing effect of saline bath
application on vessels presentation [right, upper, control (C)] vs the immediate recruitment effect of BPC 157 bath administration on the blood vessels presentation
toward the perforated injury [right, low, BPC 157 (B)]. Note the initial recovery of blood vessels that appear alongside with the BPC 157 bath, a network raising toward
the perforated defect.

Microscopy

157-treated animals had much less edema, intensive
inflammation (mixed neutro and mono) and a fibrin cloth
attached to the defect (‘holding’ the edges) (Figure 9).
In control animals, after 7 d, the perforation showed

At the first day post-injury, controls exhibited intensive
edema, loss of glands in the vicinity of the perforation,
scarce inflammation, and neutrophils. By contrast, BPC
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C

B

Figure 7 At 10 min, in the perforated cecum, the illustrative effect of medication administration [saline bath (left, control (C)] and BPC 157 bath [right,
BPC 157 (B)]. In the damaged cecum, the regular effect of saline bath application on vessels presentation [left, control (C)] vs the immediate effect of BPC 157 bath
administration on the blood vessels presentation toward the perforated injury [right, BPC 157 (B)].

C

B

Figure 8 Gross presentation of the area of perforation [left, control (C); right, BPC 157 (B)] and perforated injury [left, control (C)]. Presentation at day 7.
Veho discovery VMS-004D-400x USB microscope. Control, 7 d, left, C. Gross lesion shown upon cecum opening before sacrifice. BPC 157, 7 d, mucosa presentation
without a grossly visible defect (right, BPC 157 (B)).

gastric pentadecapeptide BPC 157 was used as a proto
type agent rapidly acting on endothelium integrity
[10-19]
maintenance
, which is known to be of therapeutic
value in rats with ischemic colitis and inferior caval vein
[20,21]
ligation
.
Of note, the whole initial syndrome (in particular, ins
tantly emptied blood vessels at the cecum serosa and
thus the rapid “disappearance” of existing vessels and
failure of vessel function upon injury) and, consequently,
perforation defect enlargement and fluid leakage, profuse
bleeding, increased oxidative stress and disturbed NO
levels in cecum tissue were accordingly affected.
We suggest that this effect should be seen, based
on evidence of BPC 157 rapidly activating the collateral
circulation from existing vessels in rats with ischemic
[20]
[21]
colitis
or inferior caval vein occlusion . Thus, the
essential findings (i.e., cecum perforation syndrome oc
curring in BPC 157-treated rats shows attenuation and
reversal of the consequent tissue damages) indicate the
rapidly activated bypassing loops (i.e., through arcade
[20,21]
vessels or the left ovarian vein and other veins)
,
corresponding to the prompt reperfusion seen after perfo
ration. Reperfusion may be observed by vessels “running”
toward the defect (vessels filled/reappeared), and a
small-vessel network appearing around the perforated

communication between the lumen and peritoneal cavity
that was partly closed by a loose clot with much debris
and many inflammatory cells (Figure 10). In treated
animals, the defect was sealed with well-formed granu
lation tissue. The surrounding mucosa in controls was
edematous, and the epithelium showed practically no
regenerative activity. However, in treated animals, the
edema was much less pronounced, and the surface
epithelium began to migrate over the defect.
However, no lethal outcome was noted during the
experiment.

DISCUSSION
Major disturbances in an immediate post-injury period
also entails the possible injury reversal in studies of
[20,21]
ischemic colitis and inferior caval vein occlusion
.
Thus, to reverse the immediate post-perforation threat
in the cecum (and, therefore, the complete downhill
course) we focused on the immediate post-perforation
period. We also addressed the novel aspect of vascular
rescue through the application of cytoprotective agents,
known, as a class, to function in endothelium mainte
nance in the gastrointestinal tract (and, thus, mucosal
[4-9]
maintenance)
. Instant application of the stable
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c

b

C

B

Figure 9 At the first day post-injury, controls (c, C) exhibited intensive edema, loss of glands in the vicinity of the perforation, not possible to obtain a
complete defect (due to edema, the tissue is disintegrating), scarce inflammation, and neutrophils [c, HE x 4; C, HE x 10 (control)]. In rats treated with BPC
157 (b, B), we noted much less edema and intensive inflammation (mixed-neutro and mono). Fibrin cloth attached to defect (“holding” the edges) (b, HEx4; B, HEx10
(BPC 157)).

defect with BPC 157 bath administration. Each considered
a break of blood flow, this suggests that the therapy
resolving the defect (i.e., cecum defect enlargement
reversed to defect contraction in BPC 157-treated rats)
may be a result of the reestablishment of blood flow.
The bleeding time from the perforated cecum is thereby
shortened, as demonstrated in rats with amputation,
[21,42,43]
anticoagulant application, or vein obstruction
.
Furthermore, defect closing corresponds to the closing
of various fistula defects, which were surgically made by
[34-38]
particular defect creations in corresponding organs
.
In addition, the free radical scavenger effect and
normalization of NO tissue values noted in rats with
ischemic colitis or inferior vein obstruction in colon and
[20,21]
venous tissues in both ischemia and reperfusion
correspond to the reduction in increased MDA values
and normalization of NO values in cecum tissue in
perforation studies. Heavy loss of endothelium cells
from the vascular wall and, therefore, less eNOS NO pro
[44]
duction ability
would explain increased MDA values
and decreased NO levels, which were regularly found
in the cecum. Additionally, various free radical-induced
lesions in other organs were counteracted by BPC 157
[20,21,45-48]
administration
.
The importance of these beneficial effects was
verified by the final complete closing of the defect,
both grossly and microscopically, with the surface epi
thelium beginning to migrate over the defect and a
lower adhesion severity score. It may also be that BPC
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157 exhibits an additional beneficial effect because it
counteracts peritonitis and adhesion formation along
with beneficial effects in diverse intestinal lesion mo
[34-36,39,40]
dels
.
Thus, it may be generally observed, that BPC 157
promptly facilitates and extends the cytoprotection
background (endothelium maintenance → epithelium
maintenance = blood vessel recruitment and activation
toward injury, providing also described “bypassing” of
[20,21]
occlusion through alternative ways)
; thus, all chains
of events were accordingly and promptly involved to
rapidly initiate and achieve a full healing effect.
This specific level of healing (initial and final) can be
not obtained from the effect of NOS-blockade (L-NAME)
or NOS-substrate (L-arginine), two pharmacologically
distinct mechanisms with opposite effects on the same
[13]
signaling NO-pathway . Initially, L-arginine reduced
vessel disappearance and counteracted defect widening,
and prolonged the bleeding period. With L-NAME, vessel
disappearance was similar to that in the controls; how
ever, there was counteraction of defect widening, and
the bleeding period was shortened. These would both
be inadequate, though NO-specific, responses [given
together, L-NAME+L-arginine regularly reversed each
other’s initial responses, being not different from the
controls, with a bleeding period similar to the controls
(L-NAME+L-arginine)]. Namely, they both eventually
aggravated perforated lesions in the cecum, a nonNO-specific effect (given together, they did not reverse
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c

b

C

B

Figure 10 In control animals (c, C), the perforation after 7 d shows a communication between the lumen and peritoneal cavity, partly closed by a loose
cloth with many debris and inflammatory cells [c, HE x 4; C, HE x 10 (control)]. In rats treated with BPC 157 (b, B), the defect was sealed with well-formed
granulation tissue. The surrounding mucosa in controls was edematous, and the epithelium shows practically no regenerative activity, while in treated animals, the
edema was much less pronounced and the surface epithelium started to migrate over the defect [b, HE x 4; B, HE x 10 (BPC 157)].

each other’s final responses: L-NAME+L-arginine rats
still had an open defect larger than that in the controls
with adhesions of higher score). By contrast, as a proof
of concept regarding the beneficial effects of BPC 157,
rats in experiments with perforated cecum and colitis
[20]
syndromes showed the counteraction of the worsening
of the course of injury after L-NAME and L-arginine
application as individual agents (L-NAME rats; L-arginine
rats → L-NAME+BPC 157 rats, L-arginine+BPC 157 rats
≈ BPC 157 rats) . When given together, the counteraction
of the remaining extensive pathology was observed
regardless of whether L-NAME and L-arginine reversed
each other’s worsening responses (L-NAME + L-arginine
rats → L-NAME + L-arginine + BPC 157 rats ≈ BPC 157
[20]
rats) .
In conclusion, the remaining extensive pathology
in the L-NAME+L-arginine animals (both in early and
final terms) means that other systems (i.e., the BPC
157 system) may function along with the NO system
(previously supposed to be immobilized by the mutual
[13]
actions of combined L-NAME and L-arginine) . In the
case of the effectiveness of BPC 157, the normalized
MDA values and NO levels (always with progressive
vessel presentation, a shortened bleeding time, closure
of the defect, surface epithelium migration over the
defect and fewer adhesions) indicated effectiveness over
the background of the NO-system, whether immobilized
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(L-NAME + L-arginine), overstimulated (L-arginine) or
[13]
blocked (L-NAME) . Thus, BPC 157 could consolidate
the NO system’s stimulating and inhibiting effects toward
more effective healing (i.e., revascularization (vessel
“running” toward the defect and small vessel network
around the perforated defect) appearing with BPC 157
[13]
bath administration) . Furthermore, this additional rapid
cytoprotective vascular recovery and presentation leads
to a consequent strong angiogenic effect in subsequent
[12,18,23-27,49,50]
days
, more profound than the angiogenesis
[50]
of standard anti-ulcer agents because of its interaction
[21-27]
with several molecular pathways
. Illustratively, in
other studies, BPC 157 induced an acceleration of blood
flow recovery and vessel number within days in rats with
[25]
hind limb ischemia .
Additionally, in practice, this means distinct endpoints
should be overwhelmed to achieve the presentation seen
in rats that underwent BPC 157 application. Finally, in
addition to counteracting the parallel (worsening) effect
of L-NAME/L-arginine on ischemic colitis and cecum
[21]
perforation syndromes , BPC 157 counteracts the
common parallel L-NAME/L-arginine activity points in
other assays (i.e., magnesium intoxication and miosis/
[51,52]
mydriasis)
. Notably, BPC 157 instantly prevents and
reverses L-NAME-induced hypertension and L-NAMEinduced thrombocytopenia as well as L-arginine-induced
hypotension and L-arginine-induced prolonged bleeding

5472

December 28, 2018|Volume 24|Issue 48|

Drmic D et al . Perforated cecum, BPC 157 and the NO system
[13]

the vessels (USB microcamera) quickly propagating toward the defect at the
caecum surface, defect contraction, bleeding attenuation, MDA- and NO-levels
in colon tissue at 15 min, and, in repalaratomized rats severity of colon lesions
and adhesions at 1 and 7 days.

and thrombocytopenia .
[20,21]
Therefore, BPC 157, with certain vascular effects
[13]
and NO-effect
can be used in perforated cecum and
bleeding therapy.

Research results

The study of the counteraction of perforated cecum lesions in rats and the
effects of pentadecapeptide BPC 157, L-NAME and L-arginine merits several
emphasizes to summarize the research findings, their contribution to the
research in the field, and the problems that remain to be solved. First, as an
issue so far not fully addressed, to reverse the immediate post-perforation
threat in the cecum (and, therefore, the complete downhill course) we focused
on this immediate post-perforation period. We also addressed the novel aspect
of vascular rescue through the application of cytoprotective agents, known, as a
class, to function in endothelium maintenance in the gastrointestinal tract (and,
thus, mucosal maintenance). Of note, with applied BPC 157 therapy, the whole
initial syndrome (in particular, instantly emptied blood vessels at the cecum
serosa (thus rapid “disappearance” of the existing vessels and vessel function
failure upon injury)) and, consequently, perforation defect enlargement and fluid
leakage, profuse bleeding, increased oxidative stress and disturbed NO levels
in cecum tissue were accordingly affected. This specific level of healing (initial
and final) can be not obtained from the effect of NOS-blockade (L-NAME) or
NOS-substrate (L-arginine).

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

To illustrate the background, present status, and significance of the study
we should emphasize that in cecum perforation studies the immediate
post-perforation threat is rarely studied. On the other hand, we recently
claimed that treatment with the prototype cytoprotective agent, stable gastric
pentadecapeptide BPC 157, induces bypassing of occlusions in rats that
underwent vessel occlusions through the rapid presentation of collaterals,
and exert its free radical scavenger effect in both ischemia and reperfusion.
As a consequence, in this study, we focused on the resolving of the cecum
perforation lesion, particularly the rapid disappearance of blood vessels in the
cecum serosa that are instantly emptied and thereby “disappear”, perforation
defect enlargement, bleeding and fluid leakage, increased oxidative stress and
disturbed NO levels in cecum tissue.

Research motivation

The main topics, the key problems to be solved, and the significance of solving
these problems for further research are related to reverse the immediate postperforation threat in the cecum (and, therefore, the complete downhill course).
We focused on perforated cecum, the stable gastric pentadecapeptide BPC
157, the NOS-blocker L-NAME, and the NOS-substrate L-arginine, as well as
on the initial post-perforation period, rapid disappearance of blood vessels at
the cecum serosa (emptied/disappeared), a large immediate defect, bleeding,
leakage of fluid, increased oxidative stress and disturbed NO levels in
cecum tissue. The rationale was that BPC 157 rapidly activated the collateral
circulation from the existing vessels in rats with ischemic colitis or inferior
caval vein occlusion. This was further perceived as an extended cytoprotection
background (endothelium maintenance → epithelium maintenance = blood
vessel recruitment and activation toward injury), also described as “bypassing”
occlusion via alternative ways, as demonstrated with BPC 157, which, in
principle, can likely cure rats with perforated cecum and thereafter.

Research conclusions

As the new findings, we suggest that this recovering of the perforated cecum
should be an activity much like an activity seen when BPC 157 rapidly activated
the collateral circulation from existing vessels in rats with ischemic colitis or
inferior caval vein occlusion. Thus, the essential findings (i.e., cecum perforation
syndrome occurs in BPC 157-treated rats with attenuation and reversal of the
consequent tissue damages) indicate the rapidly activated bypassing loops (i.e.,
through arcade vessels or the left ovarian vein and other veins, corresponding
to the prompt particular vascular rescue seen after perforation). Vascular
rescue may be vessels “running” toward the defect (vessel filled/reappeared),
and a small-vessel network appears around the perforated defect with BPC
157 bath administration. Each considered a break of blood flow, suggests that
the therapy resolving the defect (i.e., cecum defect enlargement reversed to
defect contraction in BPC 157-treated rats) may be reestablishing blood flow.
That explanation represents the newest theoretical extension of cytoprotection
theory background (endothelium maintenance → epithelium maintenance =
blood vessel recruitment and activation toward injury, providing also described
“bypassing” of occlusion through alternative ways). Since all chains of events
could be accordingly and promptly involved to rapidly initiate and achieve a
full healing effect. The bleeding time from the perforated cecum is thereby
shortened, as previously demonstrated in rats with amputation, anticoagulant
application, or vein obstruction. Furthermore, defect closing corresponds to the
previously demonstrated closing of various fistula defects, which were surgically
made by particular defect creations in corresponding organs. The implications
of this study for clinical practice in the future can be that BPC 157, with certain
vascular effects and NO-effect, can be used in the perforated cecum and
bleeding therapy.

Research objectives

The main objectives, the objectives that were realized, and the significance
of these objectives for future research could be summarized as follows. In
practice, as described previously, our approach to cure perforated cecum
begins with the original understanding of stomach cytoprotection (a very rapid
protection of the stomach endothelium and epithelium against diverse direct
injuries; endothelium maintenance → epithelium maintenance), as “bypassing”
occlusion via alternative ways, as demonstrated with BPC 157. Furthermore,
we used these findings as the general argument that under analogous or
even worse conditions (i.e., perforated cecum) a similar positive outcome can
appear. Consequently, BPC 157 can attenuate cecum perforation syndrome;
in BPC 157-treated rats, therapy may lead to attenuation and reversal of the
consequent tissue damage. Especially, reversal of vessel disappearance
to vessel “running” toward the defect (vessel filled/reappeared), reversal of
defect enlargement to defect narrowing, reversal of prolonged bleeding to
bleeding attenuation can induce reduction in the increased MDA values and
normalization of NO values in cecum tissue. In subsequent days and weeks,
this may lead to a closed cecum defect and attenuation of adhesion formation.

Research perspectives

The main experiences and lessons that can be learnt from this study may be
the evidence that BPC 157 promptly facilitates and extends the cytoprotection
background (endothelium maintenance → epithelium maintenance = blood
vessel recruitment and activation toward injury, providing also described
“bypassing” of occlusion through alternative ways). Thus, the evidence was
obtained that all chains of events were accordingly and promptly involved to
rapidly initiate and achieve a full healing effect, and with the respect to the
corresponding positive effects in two other studies (ischemic/reperfusion colitis;
inferior caval vein occlusion), the beneficial effect in rats with perforated cecum
may be generally observed. Thereby, the future research should be related
to the similar and/or even worse condition, to verify full significance of the
presented beneficial findings seen in rats after cecum perforation and BPC 157
therapy application.

Research methods

As an advantageous principle, methodology includes direct monitoring of
the events occurring in rats during perforation of the cecum and immediately
thereafter with the application of the stable gastric pentadecapeptide BPC 157,
as a cytoprotective agent, and NO-agents, L-NAME and L-arginine. In deeply
anaesthetized rats the cecum was exposed, and a perforation (5-mm diameter)
was made at the ventral face of the basal region of the cecum close to the
largest curvature; the rats were monitored for the next 15 min. The agents’
application (after 1 minute, medication (/kg, 10 mL/2min bath/rat) includes:
BPC 157 (10 μg), L-NAME (5 mg), L-arginine (100 mg) alone or combined,
and saline baths (controls)) on the rat perforate caecum injury. Alongside with
the agents’ application, we continuously assessed the gross reappearance of
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Abstract

Institutional animal care and use committee statement:
All the experimental procedures were approved by the Hanyang
University Institutional Animal Care and Use Committee of (HYIACUC-16-0075).

AIM
To validate the effects of receptor interacting protein
kinase-3 (RIP3) deletion in non-alcoholic fatty liver
disease (NAFLD) and to clarify the mechanism of
action.

Conflict-of-interest statement: The authors have declared no
conflicts of interest.

METHODS
Wild-type (WT) and RIP3 knockout (KO) mice were

Data sharing statement: No additional data is available.
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fed normal chow and high fat (HF) diets for 12 wk.
The body weight was assessed once weekly. After
12 wk, the liver and serum samples were extracted.
The liver tissue expression levels of RIP3, microsomal
triglyceride transfer protein, protein disulfide isomerase,
apolipoprotein-B, X-box binding protein-1, sterol
regulatory element-binding protein-1c, fatty acid
synthase, cluster of differentiation-36, diglyceride
acyltransferase, peroxisome proliferator-activated
receptor alpha, tumor necrosis factor-alpha (TNF-α), and
interleukin-6 were assessed. Oleic acid treated primary
hepatocytes from WT and RIP3KO mice were stained
with Nile red. The expression of inflammatory cytokines,
including chemokine (C-X-C motif) ligand (CXCL) 1,
CXCL2, and TNF-α, in monocytes was evaluated.

mice had reduced expressions of tumor necrosis factor
alpha and neutrophil chemokines [Chemokine (C-X-C
motif) ligands: CXCL1, and CXCL2] compared to high
fat diet fed wild-type mice. In vitro analysis suggests
that necroptotic stimulation [lipopolysaccharide +
N-Benzyloxycarbonyl-Val-Ala-Asp(O-Me) fluoromethyl
ketone] increased CXCL1/2 expression in monocytes.
Treatment with RIP3 inhibitor (GSK’843) decreased the
expression of CXCL1/2 as well as interleukin-6.
Saeed WK, Jun DW, Jang K, Ahn SB, Oh JH, Chae YJ, Lee
JS, Kang HT. Mismatched effects of receptor interacting
protein kinase-3 on hepatic steatosis and inflammation
in non-alcoholic fatty liver disease. World J Gastroenterol
2018; 24(48): 5477-5490
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5477.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5477

RESULTS
RIP3KO HF diet fed mice showed a significant gain in
body weight, and liver weight, liver to body weight ratio,
and liver triglycerides were increased in HF diet fed
RIP3KO mice compared to HF diet fed WT mice. RIP3KO
primary hepatocytes also had increased intracellular
fat droplets compared to WT primary hepatocytes
after oleic acid treatment. RIP3 overexpression
decreased hepatic fat content. Quantitative real-time
polymerase chain reaction analysis showed that the
expression of very-low-density lipoproteins secretion
markers (microsomal triglyceride transfer protein,
protein disulfide isomerase, and apolipoprotein-B) was
significantly suppressed in RIP3KO mice. The overall
NAFLD Activity Score was the same between WT and
RIP3KO mice; however, RIP3KO mice had increased fatty
change and decreased lobular inflammation compared
to WT mice. Inflammatory signals (CXCL1/2, TNF-α, and
interleukin-6) increased after lipopolysaccharide and pancaspase inhibitor (necroptotic condition) treatment in
monocytes. Neutrophil chemokines (CXCL1, and CXCL2)
were decreased, and TNF-α was increased after RIP3
inhibitor treatment in monocytes.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) comprises
one of the major liver disease burden in the developed
world. In the United States, the prevalence of NAFLD
[1]
is up to 25% . NAFLD, the hepatic component of
metabolic syndrome, is a multifactorial wide spectrum
disease ranging from simple steatosis to steatohepatitis
and further progressing to fibrosis and hepatocellular
carcinoma. In NAFLD, increased lipid accumulation
in hepatocytes leads to steatosis, inflammation, and
fibrosis. NAFLD could also be hinting towards decreasing
[2]
heart function . In younger patients, NAFLD is also
associated with decreased sleep, decreased quality and
[3]
frequency of food intake, and a sedentary life-style .
The lifestyle modifications directed towards reduced
steatosis in NAFLD would not only improve NAFLD but
[2]
also cardiac function . Although the prevalence of
NAFLD is increasing, there are still numerous diagnostic
and treatment issues associated with NAFLD. For
instance, liver biopsy remains the gold standard method
for NAFLD diagnosis, but currently no diagnostic method
can correctly distinguish between simple steatosis
and steatohepatitis. Moreover, there is still a lack of a
[4]
satisfactory treatment strategy for NAFLD .
In NAFLD, the ‘first hit’ comprises of accumulation of
fatty acids in hepatocytes facilitated by increased fatty
acid synthesis and increased insulin resistance. Later, the
multiple ‘parallel hits’ mainly comprising of endoplasmic
reticulum stress, mitochondrial dysfunction, oxidative
stress, and inflammatory cytokines further facilitate
[5]
hepatocyte dysfunction and death . Cell death is the
fundamental step leading to steatohepatitis from benign
steatosis. The increased steatosis and inflammation
can trigger hepatocyte death by either apoptosis or
[6-8]
necrosis
. Recently, the significance of inhibiting
alternate cell death pathways including necroptosis has
[9]
been extensively reported .

CONCLUSION
RIP3 deletion exacerbates steatosis, and partially
inhibits inflammation in the HF diet induced NAFLD
model.
Key words: Necroptosis; Receptor interacting protein
kinase-3; Mixed lineage kinase domain-like protein;
Non-alcoholic fatty liver disease; Steatosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Receptor interacting protein kinase-3 (RIP3)
deletion was associated with increased fatty change,
hepatic tissue triglycerides, body weight, and serum
aspartate aminotransferase and alanine aminotransferase
levels. Very-low-density lipoproteins secretion markers,
including apolipoprotein-B, microsomal triglyceride
transfer protein, and protein disulfide isomerase, were
suppressed with RIP3 deletion. High fat diet fed RIP3KO
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Necroptosis, which is a receptor interacting protein
kinase 1 and 3 (RIP1/RIP3) and mixed lineage kinase
domain like pseudokinase (MLKL) dependent, apoptosis
alternative, and necrosis like cell death pathway, has
[10-17]
been evaluated in various hepatic pathologies
. The
increased expression of RIP3 and MLKL observed in
[11-13]
human NASH, type II diabetes, and obese patients
highlights the significance of necroptosis in human
metabolic disease conditions. Moreover, human
metabolic disease serum markers, including HbA1c
and insulin, are also correlated with RIP3 and p-MLKL
[13]
expression .
Previously, several studies reported varying results
[11-13,18]
on necroptosis inhibition in animal NAFLD models
.
To evaluate the role of necroptosis inhibition, the
studies utilized methionine choline deficient (MCD)
diet, high fat (HF) diet, and choline-deficient HF diet
[11-13,18]
(CD-HFD) induced-NAFLD models
. In the HF
diet-induced NAFLD model, RIP3 inhibition led to
[13,18]
increased steatosis and glucose intolerance
. The
global RIP3 deletion led to increased body weight and
hepatic steatosis in the HF diet-induced NAFLD model,
while in the MCD diet-induced NAFLD model, RIP3
deletion showed protective effects on both hepatic
[11,12]
steatosis and inflammation
. Interestingly, HF diet
fed RIP3KO mice also had increased hepatic apoptosis,
[18]
inflammation, and fibrosis . Moreover, adipose tissue
apoptosis and inflammation were also increased in
[13,18]
RIP3KO mice compared to WT mice
. An additional
in vivo signaling pathway was suspected which led
[13,18]
to increased steatosis
, adipocyte apoptosis,
[13]
and inflammation . On contrary, in the MCD dietinduced NAFLD model, RIP3KO mice had decreased
inflammation, steatosis, and fibrosis compared to WT
[11,12]
mice
. Although the previous studies evaluated the
effect of RIP3 deletion in the HF diet-induced NAFLD
model, the detailed mechanism of increased steatosis
associated with RIP3 deletion was not clear.
Therefore, by using HF diet-induced NAFLD in
RIP3KO mice, we aimed to validate and evaluate
the precise underlying mechanism of steatosis and
inflammation in hepatocytes and inflammatory cells.

body weight ratio were measured. All the experimental
procedures were approved by the Hanyang University
Institutional Animal Care and Use Committee of (HYIACUC-16-0075). RIP3-KO animals were generously
[19]
provided by Newton et al Genentech (San Francisco,
CA, United States).

Histological assessment of liver biopsy samples

For histological assessment, paraformaldehyde fixed,
paraffin embedded liver tissue samples were sectioned
(4 µm) and stained with hematoxylin & eosin. The
stained liver biopsy samples were analyzed by a single
pathologist. The NASH clinical research network scoring
system was used to histologically grade the NAFLD
[20]
in mice liver . Briefly, steatosis degree, hepatocyte
ballooning, and lobular inflammation were graded semiquantitatively. The NAFLD Activity Score (NAS) was
assessed by a combination of each score. Based on the
NAS score, the commutative score of (0-2), control;
(3-4), NAFLD; and (> 5), NASH was assigned.

Triglyceride quantification

To quantify liver triglycerides (TG) content, a TG
quantification kit (Abcam, Cambridge, MA, United
States) was used. Briefly, snap-frozen livers tissues (50–
100 mg) were homogenized in 5% NP-40, and then
slowly heated to 80 ℃ for 5 min and cooled down. The
process was repeated twice. The samples were then
centrifuged for 5 min, and supernatants were diluted
20-fold with distilled water and analyzed calorimetrically
according to manufacturer's instructions.

HepG2 cells culture and maintenance

HepG2 cells were seeded on 6-well plate using
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Grand Island, NY, United States) containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin
(P/S). After 24 h, the media was removed, and the cells
were washed with Dulbecco’s phosphate-buffered saline
(DPBS) followed by treatment with oleic acid (OA; 400
µmol/L; Sigma-Aldrich, St Louis, MO, United States),
palmitic acid (PA; 400 µmol/L; Sigma-Aldrich), and GSK’
843 (5 µmol/L; AOBIOUS INC, Gloucester, MA, United
States). After 24 h, the RNA was isolated using the
RNeasy mini kit (Qiagen, Hilden, Germany) according to
manufacturer’s instructions.

MATERIALS AND METHODS
Animal experiments

C57BL/6 wild-type (WT) (8-9 wk old) and RIP3-KO
mice (8-9 wk old) were randomly divided into following
groups (n = 8); WT- normal chow (NC), WT-HF,
RIP3KO-NC, and RIP3KO-HF. To evaluate the effects of
RIP3 inhibition on HF diet-induced NAFLD development,
NC and HF (60% kcal) diets were fed for 12 wk to the
assigned groups. Four animals were kept per cage and
animals were maintained in a temperature-controlled
room (22 ℃) on a 12:12 h light-dark cycle. The body
weight was recorded once weekly. After 12 wk, the
animals were sacrificed. The liver weight and liver to
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Primary hepatocytes isolation and culture

Primary hepatocytes from WT and RIP3-KO mice were
isolated by a two-step collagenase perfusion method as
[21]
described previously . Briefly, mice were anesthetized
using Zoletil and Rompun 1:1. The liver was perfused
using calcium and magnesium-free Hanks’ Balanced Salt
Solution (HBSS; Welgene, Gyeongsan, South Korea)
supplemented with 25 mmol/L, 4-(2-hydroxyethyl)1-piperazine ethanesulfonic acid (HEPES; Amresco,
Solon, OH, United States) and 0.5 mmol/L, ethylene-
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Nile red staining

glycol-bis-(β-aminoethylene)-N,N,N’,N’-tetraacetic acid
(EGTA; Sigma-Aldrich), followed by perfusion with low
glucose DMEM supplemented with 15 mmol/L HEPES
and Collagenase Type IV (100 U/mL; Worthington
Biochemical Corporation, Lakewood, NJ, United States)
(pH 7.4, 37 ℃). After perfusion, the liver was carefully
removed and gently minced in 20 mL ice-cold William’
s E medium (Gibco) supplemented with 10% heatinactivated FBS, 10 mL/L insulin-transferrin-selenium
(ITS; Gibco), and 10 mL/L P/S. The homogenized liver
suspension was filtered using a 70 μm cell strainer. The
cell suspension was centrifuged at 50 × g for 5 min.
The pellet was re-suspended in 10 mL William’s Medium
supplemented with 10% FBS, ITS (10 mL/L), P/S (10
mL/L), and 10 mL buffered Percoll (Sigma-Aldrich). The
resultant cell suspension was centrifuged at 50 × g for 5
min, and the pellet re-suspended in William’s E medium
supplemented with 10% FBS, ITS (10 mL/L), and 1
µmol/L dexamethasone and P/S (10 mL/L). The cell
viability was determined using the Trypan Blue exclusion
method and was generally > 85%. After isolation,
primary hepatocytes were plated on rat-tail collagen I
(Corning Inc., Corning, NY, United States) coated culture
dishes (Thermo Fisher Scientific Inc., Waltham, MA,
5
United States) at 3 × 10 cells/mL. The hepatocytes
were maintained at 37 ℃ in a humidified atmosphere
of 5% CO2 for 4 h. After 4 h, the media were removed,
and cells were treated with OA (400 µmol/L) in serumfree William’s E medium containing ITS (10 mL/L), 1
µmol/L dexamethasone, and P/S (10 mL/L). The control
group was treated with equal volumes of dimethyl
sulfoxide (DMSO). After 24 h, the hepatocytes were
processed as per experimental protocols.

For lipid droplet staining, primary hepatocytes and
HepG2 cells were seeded on a coverslip and maintained
for 4 and 24 h, respectively. After adherence, the media
were removed and cells were co-treated with OA (400
µmol/L) and GSK’843 (5 µmol/L). The control groups
were treated with equal volumes of DMSO. After 24 h,
the media were removed, and the cells were washed
twice with DPBS, fixed with 4% paraformaldehyde in
PBS for 30 min at room temperature, rinsed twice with
DPBS, and incubated with fluorescence dye Nile red
(0.5 mg/mL in acetone). The confocal imaging was
performed using a Leica TCS SP5 confocal microscope
(Leica Microsystems, Wetzlar, Germany).

RIP3 non-viral vector construction

The human RIP3 (NM_006871) coding regions were
amplified by polymerase chain reaction (PCR) using
TrueORF cDNA Clones (Origene, Rockville, MD, United
States) for genes. The fragments were cloned into the
pECFP (enhanced green fluorescent protein)-C1 vector
(Clontech, Palo Alto, CA, United States). Later, RIP3 PCR
products were subcloned into the pGEM-T easy vector
(Promega, Madison, WI, United States) and then cloned
into the EcoRI - BamHI sites of the pECFP-C1 vector.

RIP3 overexpression in primary hepatocytes

The macrophage U937 cell line was used. The cells were
seeded on 6-well plates using DMEM supplemented
with 10% FBS and 1% P/S. After 24 h, the media
were removed, and the cells were washed with DPBS
followed by incubation with tumor necrosis factor alpha
(TNF-α) (10 ng/mL; R&D Systems, Minneapolis, MN,
United States), N-benzyloxycarbonyl-Val-Ala-Asp(O-Me)
fluoromethyl ketone (zVAD) (30 µmol/L, R&D Systems),
lipopolysaccharide (LPS) (25 ng/mL; Sigma-Aldrich),
and GSK’843 (5 µmol/L). After 24 h, the RNA was
isolated using the RNeasy mini kit (Qiagen) according to
manufactures instructions.

The primary hepatocytes were isolated and maintained
as previously described. RIP3 was overexpressed in
primary hepatocytes using JetPEI DNA transfection
reagent (Polyplus-transfection SA, Illkirch, France)
according to the manufacturer’s instructions. Briefly,
5
1 × 10 /mL primary hepatocytes were seeded on
collagen-coated cover slides in 24-well plates. After 4
h, the media were replaced with fresh culture media
supplemented with 10% FBS. RIP3 DNA (3 µg/well)
was diluted in 100 µL NaCl (150 mmol/L) and was
gently vortexed and spun down. Six microliters per
well JetPEI reagent was diluted in 100 µL NaCl (150
mmol/L) and was gently vortexed and spun down. The
diluted reagent was mixed and vortexed with diluted
DNA and incubated for 30 min at room temperature.
After 30 min, 50 µL JetPEI/DNA mix was added to each
well of a 24-well plate. After 12 h, the transfection was
confirmed by visualizing green fluorescence of EGFP-C1
using a Leica DMI 14000B inverted microscope (Leica
Microsystems).

Serum biochemical analysis

RNA isolation and quantitative real-time PCR

Macrophage cell culture and maintenance

The whole blood samples collected in Becton Dickinson
serum separation tubes (Franklin Lakes, NJ, United
States) were centrifuged at 3000 rpm at 4 ℃ for 10
min. The serum samples were collected and stored at
-80 ℃ until analysis. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and TG
were measured with an automatic chemical analyzer
(Hitachi-747; Hitachi, Tokyo, Japan).
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Total liver RNA was isolated from liver tissue using
the TRIzol Reagent (Invitrogen, Carlsbad, CA, United
States) according to the manufacturer’s instructions.
The isolated RNA samples were converted to cDNA
using reverse transcriptase (SuperScript III; Invitrogen)
and oligo (dT) primers. All PCR reactions were
performed on the LightCycler 480 system (Roche
Diagnostics, Mannheim, Germany) using LightCycler480
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Figure 1 Receptor interacting protein kinase-3 deletion exacerbates HF diet induced steatosis. A: Following 12-wk HF diet, the liver tissue hematoxylin & eosin
staining showed increased steatosis in RIP3KO-HF group compared to WT-HF group. B-F: Liver TG contents were significantly increased in the RIP3KO-HF group
compared to the WT-HF group. RIP3KO-HF group had increased steatosis and decreased lobular inflammation. G-L: HF diet fed RIP3KO mice had increased liver
weight and liver/body weight ratio compared to HF diet fed WT mice. The RIP3KO-HF group had increased serum AST and ALT but decreased serum TG compared
to the WT-HF group. aP < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; bP < 0.05 by Mann-Whitney U test, compared to NC diet fed RIP3KO group; cP < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group. HF: High fat; NC: Normal chow; WT: Wild-type; KO: Knockout; RIP3: Receptor
interacting protein kinase-3; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TG: Triglycerides.
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Figure 2 Effect of receptor interacting protein kinase-3 deletion on fat synthesis. A-J: Quantitative real-time PCR analysis showed an increased expression
of RIP3 the WT-HF group after HF diet feeding. Interestingly, very-low-density lipoprotein secretion markers including apolipoprotein-B, microsomal triglyceride
transfer protein, protein disulfide isomerase, and X-box binding protein-1 were decreased in the RIP3KO-HF group compared to the WT-HF group. The differences in
SREBP1c, FAS, CD36, DGAT, and PPAR-α were not definite. aP < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; bP < 0.05 by Mann-Whitney U
test, compared to NC diet fed RIP3-KO group; cP < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group. HF: High fat; KO: Knockout; NC: Normal chow;
WT: Wild-type; RIP3: Receptor interacting protein kinase-3; VLDL: Very-low-density lipoproteins; ApoB: Apolipoprotein-B; MTTP: Microsomal triglyceride transfer
protein; PDI: Protein disulfide isomerase; XBP1: X-box binding protein-1; SREBP1c: Sterol regulatory element-binding protein-1c; FAS: Fatty acid synthase; CD36:
Cluster of differentiation-36; DGAT: Diglyceride acyltransferase; PPAR-α: Peroxisome proliferator-activated receptor alpha.

SYBRGreen I Mastermix (Roche Diagnostics) in standard
10 µL reaction volumes as follows: 4 µL (100 ng) cDNA,
0.5 µL of 10 pmol/L sense primer, 0.5 µL of 10 pmol/L
antisense primer, and 5 µL LightCycler 480 SYBRGreen
I Mastermix (Roche Diagnostics). To guarantee the
reliability of the obtained results, all samples were
processed in triplicate and performed using a negative
control. The values obtained were normalized to the
control and expressed as fold changes.

1B, D-F). Liver weight (1.87 g vs 2.43 g, P = 0.001)
and liver to body weight ratio (5.09 vs 3.91, P =
0.000) were also increased in HF diet fed RIP3KO mice
compared to WT mice (Figure 1H and I). Serum ALT
was increased in HF diet fed RIP3KO mice (Figure 1K).

Effect of RIP3 ablation on hepatic fat regulation

RIP3 expression increased with the HF diet (Figure
[18]
2A), as previously observed . The expression of other
genes involved in lipid homeostasis, including those
for sterol regulatory element-binding protein-1c, fatty
acid synthase, cluster of differentiation-36, diglyceride
acyltransferase, and peroxisome proliferator-activated
receptor alpha, were not definite (Figure 2F-J). The
genes involved in very-low-density lipoprotein (VLDL)
secretion were analyzed to evaluate increased hepatic
tissue TG contents. The mRNA analysis showed that
RIP3KO mice had significantly decreased VLDL secretion
markers, including microsomal triglyceride transfer
protein (MTTP), protein disulfide isomerase (PDI), and
apolipoprotein-B (ApoB). VLDL secretion markers were
further suppressed in HF diet fed RIP3KO animals (Figure
2B-D).
Next, to confirm whether the effect of RIP3 deletion
could also be observed in vitro, primary hepatocytes
from WT and RIP3KO mice were isolated. Following
treatment with OA, Nile red staining was increased in
both WT and RIP3KO primary hepatocytes. However,
OA treated RIP3KO primary hepatocytes had increased
Nile red staining compared to WT primary hepatocytes
(Figure 3A). Next, to confirm further, RIP3 was
overexpressed in primary hepatocytes using an RIP3
overexpression system. If RIP3 ablation exacerbates
hepatic lipid storage, then RIP3 overexpression should
decrease lipid storage. As expected, RIP3 overexpressed

Statistical analysis

The values are expressed as mean ± standard
deviation. Statistical analysis was performed using SPSS
for Windows version 21.0 (IBM Corp., Armonk, NY,
United States). All experiments were performed three
times. One-way analysis of variance and the MannWhitney U test were performed to compare the mean of
different groups, and a P-value < 0.05 was considered
significant.

RESULTS
Exacerbated intrahepatic fat amount but attenuated
hepatic inflammation in HF diet fed RIP3KO mice

RIP3KO mice showed increased hepatic fat deposition
on histological and hepatic tissue TG contents analysis
compared to WT mice (4.58 nm/µL vs 6.92 nm/µL, P =
0.000) when fed with 60% HF but not with normal chow
diet (Figure 1A and C). Body weight was significantly
increased in HF diet fed RIP3KO mice compared to WT
mice. Overall, NAS score was not significantly different
between the both WT-HF and RIP3KO-HF groups;
however, fatty change was significantly increased (2 vs
3, P = 0.000) and lobular inflammation was decreased
(1.5 vs 0.75, P = 0.007) in HF fed RIP3KO mice (Figure
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Figure 4 RIP3 reduces inflammation in liver tissue. Following HF diet feeding, RIP3KO mice had reduced expression of TNF-α, CXCL1, and CXCL2 compared to
HF diet fed WT mice. aP < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; cP < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group.
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primary hepatocytes had decreased Nile red staining
compared to control (Figure 3B). Next, we evaluated
whether RIP3 inhibition using GSK’843 would also
yield similar results in HepG2 cells. However, GSK’843
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treated HepG2 cells did not show an increase in Nile red
staining, a decrease in MTTP, PDI, and ApoB expression
(Figure 3C and D), and changes in sterol regulatory
element-binding protein-1c, fatty acid synthase, and
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Figure 5 Effect of RIP3 on inflammatory markers. A and B: TNF-α/LPS + zVAD induced increase in TNF-α expression was exacerbated with GSK'843 treatment.
TNF-α/LPS + zVAD induced increased expression of CXCL1 and CXCL2 was decreased with GSK'843 treatment. aP < 0.05 by ANOVA, Duncan post hoc analysis,
compared to control; bP < 0.05 by ANOVA, Duncan post hoc analysis. TNF-α: Tumor necrosis factor alpha; LPS: Lipopolysaccharide; zVAD: N-Benzyloxycarbonyl-ValAla-Asp(O-Me) fluoromethyl ketone; CXCL1: Chemokine (C-X-C motif) ligand-1; CXCL2: Chemokine (C-X-C motif) ligand-2; ANOVA, Analysis of variance.

stearyl-CoA desaturase (SCD-1) expression (Figure 3E).

treated with DMSO and OA. Similar to increased hepatic
TG contents in RIP3KO mice, OA treated RIP3KO
primary hepatocytes had increased Nile red staining
compared to OA treated WT primary hepatocytes.
Correspondingly, primary hepatocytes overexpressing
RIP3 also showed decreased Nile red staining compared
to control (Figure 3). However, we did not observe a
decrease in the expression of MTTP, PDI, and ApoB
following treatment with GSK’843 in HepG2 cells.
[13]
Similar to previous findings , our results showed
that the overall NAS score was the same between
HF diet fed WT and RIP3KO mice; however, lobular
inflammation was decreased in our study. Moreover,
in contrast to the MCD diet-induced NAFLD model,
RIP3 deletion associated reductions in serum AST and
ALT were not observed in our study. On the contrary,
in HF diet-induced NAFLD model, RIP3 induction was
thought to protect hepatocytes against further steatosis
and, thus, the RIP3 deletion might have led to more
[18]
deleterious effects . Moreover, RIP3 deletion was
also associated with exacerbated inflammation in the
[18]
HF diet-induced NAFLD . Interestingly, RIP3 deletion
[22]
reduced ethanol induced steatosis . In our study,
following HF diet feeding, CXCL1/2 expression increased
in liver tissue. The expressions of CXCL1/2 were
reduced in RIP3KO mice compared to corresponding
controls. In vitro, TNFα/LPS + zVAD induced CXCL1/2
expressions. GSK’843 treatment reduced CXCL1 and
CXCL2 expression in U937 macrophages and HepG2
cells, but TNF-α expression was not reduced (Figures 5
and 6).
Our study has the following limitations. First, we did
not evaluate the long-term effects of RIP3 deletion on
the exacerbated response in HF diet-induced NAFLD
model. Moreover, we did not evaluate the previously
highlighted contribution of increased hepatic and
adipose tissue apoptosis associated with RIP3 deletion

RIP3 partially regulated macrophage activation

HF diet fed RIP3KO mice had reduced expression of
TNF-α, CXCL1, and CXCL2 compared to HF diet fed
WT mice (Figure 4A-D). In vitro analysis suggested
that necroptotic stimulation (LPS + zVAD) increased
CXCL1/2 expression in monocytes. RIP3 inhibitor (GSK’
843) decreased the expression of CXCL1/2 as well as
IL-6, but GSK’843 did not reduce TNF-α expression. The
levels of neutrophil chemokines (CXCL1, and CXCL2)
were decreased with GSK’843 (Figure 5A and B).

DISCUSSION
Our results suggest that RIP3 inhibition is associated
with suppression of VLDL secretion markers and partial
inhibition of macrophage activation via inhibiting CXCL1
and 2 expressions.
Previously, varying results of RIP3 inhibition in HF
and MCD diet-induced animal NAFLD models were
[18]
observed. In HF diet-induced NAFLD model , RIP3
deletion was associated with increased fatty change,
hepatic tissue TG, body weight, and serum AST and
ALT. Another study, however, reported that in the
MCD diet-induced NAFLD model, RIP3 deletion did
not affect lipidosis score in the early phase (2-wk)
[11]
but did decrease it in the late phase (8 wk) . The
MCD diet-induced NAFLD studies did not extensively
[11,12]
evaluate for hepatic steatosis
. None of the previous
studies examined the precise mechanism of hepatic
fat accumulation and the interaction with hepatocytes
pathways of lipid de novo synthesis, transportation,
and metabolism. Our results also showed that VLDL
secretion markers, including ApoB, MTTP, and PDI, were
suppressed with RIP3 deletion (Figure 2). The primary
hepatocytes isolated from WT and RIP3KO mice were
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RIP3 inhibitor

RIP3 inhibitor
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Tissue basement membrane

Figure 6 Conceptual diagram. GSK'843 treatment decreases neutrophil recruitment markers, including CXCL1 and CXCL2, thereby reducing neutrophil recruitment
to the tissue. However, RIP3 inhibition increases de novo fat synthesis while decreasing VLDL secretion. RIP3: Receptor interacting protein kinase-3; CXCL1:
Chemokine (C-X-C motif) ligand-1; CXCL2: Chemokine (C-X-C motif) ligand-2; VLDL: Very-low-density lipoproteins.

in NAFLD. RIP3 ablation in adipose tissue leads to
the metabolic phenotype in RIP3KO mice. Moreover,
RIP3 has a role in maintaining white adipose tissue
homeostasis and systemic RIP3 ablation leads to insulin
resistance and glucose intolerance. RIP3 overexpression
is thought to balance caspase-8 mediated increase in
apoptosis. Following RIP3 deletion, a switch towards
increased apoptosis in both liver and adipose tissues
was observed, and increased adipocytes apoptosis was
[13]
thought to mediate the systemic effects . Therefore, to
elaborate the detailed mechanism of additional in vivo
signaling, a further in depth analysis is needed. Second,
examination of hepatocyte specific RIP3 knockout and
RIP3 kinase dead mice would be useful to understand
HF diet-induced NAFLD. The pathogenic context,
initiating stimulus, and compartment specific RIP3
[12,13]
regulation
might reveal why such diverse results of
RIP3 deletion are observed in the NAFLD models. Other
studies also reported that the expression of regulated
necrosis molecules could be different according to the
trigger, disease pathogenesis, organs involved, and
[23]
species . Moreover, studies have also suggested that
different cell types could be responding differentially to
[13]
necroptosis stimuli .
In conclusion, our results show that RIP3 deletion
aggravates hepatic steatosis in the HF diet-induced
NAFLD model. RIP3 deletion was also associated with
suppression of VLDL secretion from hepatocytes.
Moreover, targeting RIP3 could have deleterious
systemic consequences. Future research should consider
the diverse and unwanted systemic consequences of
RIP3 deletion in NAFLD. The role of RIP3 could be a
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double-edged sword in NAFLD. Although RIP3 has a
crucial role in necroptosis, RIP3 showed diverse effects
in metabolic disease. Therefore, careful attention and
more extensive studies are needed to further elaborate
the interactions between RIP3 and NAFLD associated
signaling pathways.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The receptor interacting protein kinase-3 (RIP3) inhibition in various nonalcoholic fatty liver disease (NAFLD) models has shown varied results. The
underlying mechanism associated with these diverse outcomes is still not clear.
The evaluation of necroptosis signaling molecules in NAFLD might provide a
useful therapeutic target.

Research motivation

Previous studies report that in high fat (HF)-induced NAFLD, RIP3 deletion
exacerbated fatty change, inflammation, fibrosis, and apoptosis. However, in
the methionine choline deficient diet-induced NAFLD model, these changes
were not observed. The reason for the varied results associated with RIP3
deletion in different NAFLD models is unknown.

Research objective

To validate the effects of RIP3 deletion in NAFLD and to clarify the mechanism
of action.

Research methods

Wild-type and RIP3 knockout mice were fed HF and normal chow diets for 12
wk. The body weight was assessed weekly. After 12 wk, the liver and serum
samples were analyzed for changes. Hematoxylin & eosin staining, NAFLD
Activity Score evaluation, and triglyceride quantification were performed. The
changes in very-low-density lipoproteins (VLDL) secretion and inflammation
markers were recorded. Primary hepatocytes were evaluated for lipid contents.
HepG2 cells and U937 cells were evaluated for changes in inflammatory
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markers.

Research results

Our results show that RIP3 deletion is associated with exacerbated hepatic
lipid contents, suppressed VLDL secretion markers, and partially suppressed
inflammation.

10

Research conclusion

In HF diet-induced NAFLD, RIP3 deletion is associated with increased hepatic
steatosis and partially suppressed inflammation

11

Research perspective

Necroptosis signaling molecules, especially mixed lineage kinase domain-like
proteins, should be further explored for its therapeutic potential in NAFLD.

12
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Abstract
AIM
To investigate near-infrared photoimmunotherapeutic
effect mediated by an anti-tissue factor (TF) antibody con
jugated to indocyanine green (ICG) in a pancreatic cancer
model.

Core tip: We examined whether anti-tissue factor (TF)
antibody 1849-indocyanine green (ICG) conjugate
(1849-ICG) induced the photoimmunotherapeutic effect in
a pancreatic cancer xenograft. There was no report about
employing 1849-ICG conjugate which selectively binds the
target antigen TF for near-infrared photoimmunotherapy
(NIR-PIT) of tumor, though some studies have suggested
the usefulness of anti-TF 1849 in cancer imaging and
therapy. Our study proposes for the first time that
1849-ICG conjugate is a desirable candidate for new treat
ment modality NIR-PIT of pancreatic cancer after evalua
ting its cytotoxic and antitumor effects via in vitro and in
vivo studies in mouse model of pancreatic cancer.

METHODS
Near-infrared photoimmunotherapy (NIR-PIT) is a highly
selective tumor treatment that utilizes an antibody-photo
sensitizer conjugate administration, followed by NIR light
exposure. Anti-TF antibody 1849-ICG conjugate was
synthesized by labeling of rat IgG2b anti-TF monoclonal
antibody 1849 (anti-TF 1849) to a NIR photosensitizer,
ICG. The expression levels of TF in two human pancreatic
cancer cell lines were examined by western blotting. Spe
cific binding of the 1849-ICG to TF-expressing BxPC-3
cells was examined by fluorescence microscopy. NIR-PITinduced cell death was determined by cell viability imaging
assay. In vivo longitudinal fluorescence imaging was
used to explore the accumulation of 1849-ICG conjugate
in xenograft tumors. To examine the effect of NIRPIT, tumor-bearing mice were separated into 5 groups:
(1) 100 μg of 1849-ICG i.v. administration followed by
2
NIR light exposure (50 J/cm ) on two consecutive days
2
(Days 1 and 2); (2) NIR light exposure (50 J/cm ) only
on two consecutive days (Days 1 and 2); (3) 100 μg of
1849-ICG i.v. administration; (4) 100 μg of unlabeled antiTF 1849 i.v. administration; and (5) the untreated control.
Semiweekly tumor volume measurements, accompanied
with histological and immunohistochemical (IHC) analyses
nd
of tumors, were performed 3 d after the 2 irradiation
with NIR light to monitor the effect of treatments.

Aung W, Tsuji AB, Sugyo A, Takashima H, Yasunaga M,
Matsumura Y, Higashi T. Near-infrared photoimmunotherapy of
pancreatic cancer using an indocyanine green-labeled anti-tissue
factor antibody. World J Gastroenterol 2018; 24(48): 5491-5504
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5491.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5491

INTRODUCTION
Pancreatic cancer is one of the most devastating health
issues that has caused 411600 deaths, globally, in
[1]
2015 for all ages and both sexes . In 2018, in the
United States, it is the fourth and ninth leading cancer
type for estimated cancer death and new cancer case,
[2]
respectively . Pancreatic cancer has the lowest 5-year
[2]
survival rate of 8%, for all stages combined . The ma
jor reasons of poor prognosis are late diagnosis and
lack of effective therapy. Therefore, for achieving early
diagnosis and new treatment options, the efficacious
antibody based molecular-targeting therapeutic appro
aches are currently gaining attention in preclinical and
clinical research. Conventional immunotherapy itself as
well as using certain antibodies, antibody-drug conju
gate (ADC) therapy, radioimmunotherapy (RIT), and
photoimmunotherapy (PIT) are being investigated
substantially. Meanwhile, the effort to explore a novel
target molecule and a suitable theranostic agent is still
imperative.
Tissue factor (TF) is a 47-kDa single chain trans
membrane glycoprotein belonging to the cytokine
receptor family group 2, composed of 263 amino acid
residues. TF mediates a variety of physiologically- and
pathophysiologically-relevant functions and its overexpres
sion is linked to thrombogenicity, tumor angiogenesis,
[3-5]
cell signaling, tumor cell proliferation, and metastasis .
Various malignant entities including pancreatic cancer
[6,7]
has shown the expression of TF . Moreover, in contrast

RESULTS
High TF expression in BxPC-3 cells was observed via
western blot analysis, concordant with the observed prefe
rential binding with intracellular localization of 1849-ICG
via fluorescence microscopy. NIR-PIT-induced cell death
was observed by performing cell viability imaging assay.
In contrast to the other test groups, tumor growth was
significantly inhibited by NIR-PIT with a statistically signifi
cant difference in relative tumor volumes for 27 d after
the treatment start date [2.83 ± 0.38 (NIR-PIT) vs 5.42
± 1.61 (Untreated), vs 4.90 ± 0.87 (NIR), vs 4.28 ±
1.87 (1849-ICG), vs 4.35 ± 1.42 (anti-TF 1849), at Day
27, P < 0.05]. Tumors that received NIR-PIT showed
evidence of necrotic cell death-associated features upon
hematoxylin-eosin staining accompanied by a decrease
in Ki-67-positive cells (a cell proliferation marker) by IHC
examination.
CONCLUSION
The TF-targeted NIR-PIT with the 1849-ICG conjugate
can potentially open a new platform for treatment of
TF-expressing pancreatic cancer.
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to normal pancreas with low TF expression, a high TF
expression in pancreatic cancer correlates with tumor
[6,8,9]
grade, extent, metastasis and invasion
. Haas and
co-workers have previously analyzed the expression of
TF in eight human pancreatic cancer cell lines including
BxPC-3 and reported presence of TF expression, at RNA
and protein level. Corresponding to the TF expression
in cell lines, they also demonstrated that most of the
tissue specimens of pancreatic cancer patients have
highly variable TF expression, as determined by immuno
[10]
fluorescence staining . Previously, we suggested that
TF may be a promising target for cancer diagnostic im
aging or therapy, developed several anti-TF antibodies,
and showed that a rat IgG2b anti-TF monoclonal antibody
[11,12]
1849 has high affinity against TF
. We reported
the development of Alexa Flour-647-labeled anti-TF
antibody 1849 probe for fluorescence imaging in a TFoverexpressing human pancreatic cancer xenograft
[11]
111
model
and an In-labeled anti-TF antibody 1849
probe for immuno- single-photon emission computed to
[13]
mography (SPECT) imaging in glioma model and pan
creatic cancer models (manuscript under preparation).
[14,15]
Cai et al
have successfully developed a radiotracer for
immuno-PET (positron emission computed tomography)
imaging of in vivo TF expression in pancreatic cancer
[16]
[17]
and breast cancer models . Wang et al labeled anti90
TF antibody with Y and reported its radiotherapeutic
effect on human xenograft NSCLC tumors in nude mice.
These studies that considered TF as a molecular target
encourage us to use anti-TF antibody 1849 in near-in
frared PIT (NIR-PIT).
NIR-PIT is a modified version of the conventional
photodynamic therapy (PDT) or photothermal therapy
(PTT). NIR-PIT exerts a target cell specific cancer
treatment that enables highly selective cell death after
systemic administration of a photosensitizer-conjugated
antibody against tumor-associated antigens, and ac
companying exposure with NIR light. The light of a speci
fic wavelength activates the relevant photosensitizer, and
this interaction induces a cytotoxic reaction. An antibody
which binds a cancer specific antigen expressing on the
cellular membrane, is desirable for selective targeting
of cancer cells. Over recent decades, a wide variety of
available monoclonal antibodies that bind to the various
molecular targets, have been considered and used with
NIR-PIT in preclinical studies by several research groups.
Among them, NIR-PIT using anti-epidermal growth
factor receptor (EGFR) antibody (cetuximab) conjugated
to a photosensitizer, phthalocyanine dye IRDye® 700DX
NHS Ester (IR700DX), has been widely studied and
is currently in its PhaseⅠ /Ⅱ clinical study (study of
RM-1929 and PIT in patients with recurrent head and
neck cancer: NCT02422979).
In the present study, we conjugate an anti-TF mono
clonal antibody 1849 with a photosensitizer, indocyanine
green (ICG), and demonstrate the potential of the ge
nerated 1849-ICG conjugate as a desirable candidate for
NIR-PIT of pancreatic cancer, after evaluating its cytotoxic
and antitumor effects via in vitro and in vivo studies in a
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mouse model of pancreatic cancer.

MATERIALS AND METHODS
Cell lines

The human pancreatic cancer cell lines, BxPC-3 and
SUIT-2, were purchased from the ATCC (Manassas, VA,
United States). BxPC-3 cells were maintained in RPMI
1640 medium (Sigma-Aldrich, St. Louis, MO, United
States) supplemented with 10% fetal bovine serum
(FBS) (Nichirei Biosciences, Tokyo, Japan), 100 U/mL
penicillin-G sodium, and 100 mg/mL streptomycin sul
fate (Invitrogen, Carlsbad, CA, United States) at 37 ℃
under a humidified atmosphere containing 5% CO2.
SUIT-2 cells were maintained in high glucose Dulbecco’s
modified Eagle’s medium (DMEM) (Wako, Osaka, Japan)
supplemented with 10% FBS, 100 U/mL penicillin, and
100 μg/mL streptomycin.

Western blot analysis

Western blotting was performed to analyze TF expression
in cultured cells. Whole-cell lysates were prepared
using radioimmunoprecipitation assay buffer (Wako
Pure Chemical Industries, Osaka, Japan) supplemented
with a protease inhibitor cocktail (Sigma-Aldrich). Total
protein concentration was measured using a NanoDrop
One spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE, United States). Protein samples (35
μg) were separated on a 4%-20% polyacrylamide gel
(ATTO Corporation, Tokyo, Japan) and transferred on to
Immobilon-P membrane (Millipore, Billerica, MA, United
States). As primary antibodies, anti-TF 1849 (generated
by us) and a commercially available goat anti-human
actin (C-11) antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, United States), were used. A horseradish
peroxidase (HRP)-linked anti-rabbit IgG antibody and
anti-rat IgG antibody (GE Healthcare, Little Chalfont,
United Kingdom) were used as the secondary antibodies.
Immunoreactive bands were visualized using the En
hanced Chemiluminescence Plus Western blotting de
tection system (GE Healthcare).

Photosensitizer labeling of anti TF-antibody

The rat IgG2b anti-TF monoclonal antibody 1849 which
reacts with human TF antigen was developed as pre
[12]
viously described . An ICG Labeling kit-NH2 was
purchased from Dojindo Molecular Technologies, Inc.
(Rockville, MD, United States). Labeling of antibody with
ICG was performed according to the manufacturer’s ma
nual. A component of this kit, NH2-reactive ICG, has a suc
cinimidyl ester group and can easily form a covalent bond
with an amino group of the antibody. Briefly, NH2-reactive
dyes were added to anti-TF antibody (130 μg) solution on
the membrane of a filtration tube and incubated at 37 ℃
for 10 min. The buffer solution was then added to the
mixture and centrifuged. The conjugate was recovered
by pipetting with phosphate-buffered saline (PBS).
The concentration of the conjugates was determined
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by Bradford protein assay using a BioRad microplate
reader (Bio-Rad Laboratrories, Inc., Hercules, CA, United
States). The absorbance of ICG was measured at 800
nm with the Synergy HT multi-mode microplate reader
(BioTek Instrument, Inc., Winooski, VT, United States),
and the number of fluorophore molecules conjugated
to each antibody was calculated. The ratio of ICG to
antibody was 0.4.

470/525 nm) and ICG (excitation/emission maxima:
710/810 nm).

Animal and tumor model

6
A single-cell suspension of 5 × 10 BxPC-3 cells in 100
μL RPMI medium was mixed with BD Matrigel matrix
(BD Biosciences, Bedford, MA, United States) and sub
cutaneously inoculated into both thighs of 7-wk-old
male, BALB/cA Jcl-nu/nu nude mice (CLEA, Shizuoka,
Japan) for in vivo imaging and NIR-PIT studies. During
the experimental procedure, mice were anesthetized
with isoflurane. All animal experiments were conducted
in compliance with the guidelines for animal experimen
tation approved by the Animal Care and Use Committee
of our institution, National Institute of Radiological
Sciences.

Fluorescence microscopy studies

Fluorescence microscopy was employed to observe
the localization of 1849-ICG and the cytotoxic effect of
PIT. BxPC-3 or SUIT-2 cells were plated on a Lab-Tek
Chamber slide (Thermo Fisher Scientific, Frederick, MD,
United States) and incubated for 18 h. Subsequently,
culture media were discarded, and the cells were
immediately stained after fixation with cold methanol for
5 min at -20 ℃. Nonspecific binding of the antibody was
blocked by incubating with Block-Ace reagent (Dainippon
Pharmaceutical, Osaka, Japan) solution containing
10% goat serum for 30 min at room temperature. Sub
sequently, the cells were incubated with the 1849-ICG
diluted (1:100) in antibody diluent buffer (Dako, Glos
trup, Denmark) or without antibody, at 4 ℃. After 18 h,
cells were washed with Tris-buffered saline (TBS), and
the nuclei were stained with 4,6-diamidino-2-phenylindole
Fluoromount-G (SourthenBiotech, Birmingham, AL,
United States). The cells were visualized under a Keyence
BZ-X700 microscope (Keyence Japan Co, Ltd, Osaka,
Japan) equipped with the following filter sets: excitation
wavelength 675 to 750 nm, emission wavelength 760
to 860 nm and dichroic mirror wavelength 760 nm for
ICG. To compare BxPC-3 and SUIT-2 cells, images were
acquired using the same settings of exposure time and
black balance. Phase-contrast images were also acquired.

In vivo NIR fluorescence imaging

Tumor-bearing mice were injected intravenously with
1849-ICG (100 μg) via a tail vein. The mice were anes
thetized by inhalation of 2.5% isoflurane, and spectral
fluorescence images at dorsal position were obtained
using the Maestro In-vivo Imaging system (CRi, Woburn,
MA, United States) with the ICG filter sets (excitation,
700–770 nm and emission, 790 nm long pass) at preinjection, followed by various time points post-injec
tion (24, 48, 72, and 144 h). The tunable filter was
automatically stepped up in 10-nm increments from 780
to 950 nm for the ICG filter setting, while the camera
sequentially captured images at each wavelength inter
val. With the commercial Maestro software (CRi), sub
tractions of background and baseline intensities, followed
by un-mixing of spectral fluorescence images were
performed a step by step. By setting the auto calculate
threshold, the region of interest on entire tumors of the
ICG spectrum image were determined and the tumor
ﬂuorescence signal intensities (FI) were measured. The
constant exposure time was set to compare the FI of the
serial images. Overlaid image of ICG spectrum image
and white light image was acquired by using Photoshop
software (Adobe, San Jose, CA, United States).

Cell viability imaging assay after PIT

5
BxPC-3 cells (2 × 10 /well) were seeded in a chamber
slide. After 6 h, the culture medium was changed to
fresh medium containing 1849-ICG (2.5 μg/mL medium)
or not. After an overnight incubation, the culture medium
was replaced with phenol red free medium and the cells
were subsequently irradiated with NIR light from an
Infrared Diode Laser system (Laser Create Co., Tokyo,
Japan) at a wavelength of 808 ± 3 nm and a power
2
2
density of 50 J/cm (1 W/cm for 50 s). The irradiation
dose was measured with a thermal laser power sensor
and an optical power meter, Starlite (OPHIR Japan,
Saitama, Japan). Two hours later, two color staining assay
™
using ReadyProbes Cell Viability Imaging kit (Thermo
Fisher Scientific) was performed. As per manufacturer’
s instruction, nuclei of all viable cells were stained with
NucBlue® Live reagent, while only the nuclei of dead cells
were stained with NucGreen® Dead reagent. The cells
were imaged under a Keyence BZ-X700 microscope
(Keyence Japan Co, Ltd) equipped with appropriate filter
sets for DAPI (excitation/emission maxima: 360/460
nm), GFP (green) filter set (excitation/emission maxima:
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In vivo PIT of tumor

When the subcutaneous BxPC-3 tumors in mice reached
approximately 10 mm at the longest diameter, the tumorbearing mice were randomly assigned to one of the 5
groups (n = 6 for each group) for the treatment study
conducted as per the shown scheme (Figure 1). Mice
were initially injected 1849-ICG (100 μg) intravenously.
On day 1 and day 2, the tumor was irradiated with
NIR light from an Infrared Diode Laser system (Laser
Create Co.) at a wavelength of 808 ± 3 nm and a power
2
2
density of 50 J/cm (1 W/cm for 50 s), as measured
with a StarLite Laser Power meter (OPHIR Japan Ltd.).
During irradiation, the surrounding areas of tumors were
shielded from light using aluminum foil. Briefly, group (1)
received 1849-ICG i.v. administration followed by two
doses of irradiation on two consecutive days, group (2)
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Figure 1 Experimental treatment scheme. A: Near-infrared photoimmunotherapy (NIR-PIT); B: NIR light alone; C: Indocyanine green-labeled antibody 1849
conjugate alone; D: Anti-tissue factor antibody 1849 alone; E: Control (untreated). Anti-TF 1849: Anti-tissue factor antibody 1849; 1849-ICG: Indocyanine greenlabeled anti-tissue factor antibody 1849; NIR: Near-infrared; NIR-PIT: Near-infrared photoimmunotherapy.

received two doses of irradiation only on two consecutive
days, group (3) received 1849-ICG i.v administration
only, group (4) received unlabeled anti-TF 1849 i.v. ad
ministration, and group (5) received no treatment. To
determine the tumor response, tumors of mice (n = 12
for each group except n = 11 in anti-TF 1849 group)
were measured twice a week throughout the experiment
using calipers, and volumes were approximated using
3
the formula: volume (mm ) = [length (mm)] × [width
2
(mm)] × 0.5. Relative tumor volume was calculated as
the volume on the indicated day divided by the starting
volume on the day prior to the treatment. Body weight
of mice was also measured twice a week; general health
conditions and local skin condition at the irradiated area
of mice were monitored daily.

were rehydrated, and subjected to antigen retrieval.
The sections were stained for Ki-67, a cell proliferation
[18]
marker , using an anti-human Ki-67 polyclonal antibody
(Dako Denmark, Glostrup, Denmark), as previously de
[19]
scribed . Slides were analyzed using the Olympus BX43
microscope system (Olympus, Tokyo, Japan).

Statistical analysis

All results were expressed as mean ± SD. Significant
differences between groups were determined by Student’s
t-test (Excel, Microsoft, Redmond, WA, United States).
Two-tailed unpaired t-test was used for comparisons of
relative tumor volume. The probability of survival based
on relative tumor volume (3.1-fold increase of individual
tumor volume from the initial volume) was estimated in
each group with a Kaplan-Meier survival curve analysis,
and the results were compared with use of the GehanBreslow-Wilcoxon test. P-values < 0.05 were considered
significant.

Histological and immunohistochemical analysis
nd

At 72 h after 2 irradiation of NIR-PIT, 2 mice from each
group (n = 2) were euthanized by cervical dislocation
under anesthesia (isoflurane). Tumors were excised
from these mice, fixed in 4% paraformaldehyde, and
embedded in paraffin. To observe the histologic changes,
paraffin-embedded tissues were cut into 5-μm slice,
serial sections were fixed on glass slides and stained
with hematoxylin and eosin (H&E) staining. To perform
immunohistochemical (IHC) analysis, tissue sections
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RESULTS
Expression of TF in human pancreatic cancer cell lines

Expression of human TF protein in BxPC-3 and SUIT-2
pancreatic cancer cells was determined through western
blot analysis and fluorescence microscopy. In western
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Figure 2 Tissue factor expression in human pancreatic cancer cell lines. A: Tissue factor (TF) expression in the cell lines BxPC-3 (lane 1) and SUIT-2 (lane
2) was examined by western blotting; B: Both cell lines were incubated with or without indocyanine green-labeled anti-TF antibody 1849 (1849-ICG) for 18 h and
examined under a fluorescent microscope. Intracellular localization of intense fluorescent signals indicated substantial binding and internalization of 1849-ICG within
BxPC-3, but very rarely in SUIT-2 cells (Scale bar = 50 μm, 40 × objective magnification). DAPI: 4,6-diamidino-2-phenylindole; 1849-ICG: Indocyanine green-labeled
anti-tissue factor antibody 1849; TF: Tissue factor.

blot analysis of cell lysate, TF expression was found to be
much higher in BxPC-3 cells than in SUIT-2 cells (Figure
2A). Moreover, fluorescence microscopy after overnight
incubation with 1849-ICG revealed that the preferential
binding with intracellular localization of 1849-ICG was
higher in BxPC-3 cells than SUIT-2 cells (Figure 2B).
Taken together, our data indicated the specific binding
of the 1849-ICG conjugate antibody to the highlyexpressed TF in BxPC-3 pancreatic cancer cells.

stained with NucGreen® Dead reagent were visualized
(Figure 3). Meanwhile, there was no significant cyto
toxicity associated with exposure of 1849-ICG or NIR
light exposure alone, in the absence of each other (Figure
3).

In vivo tumor visualization by NIR fluorescence imaging

Mice with subcutaneous BxPC-3 tumors were intra
venously injected with 1849-ICG, followed by NIR fluore
scence imaging at the indicated time points (24, 48, 72,
96 and 144 h after injection). In the untreated group,
tumors showed highest FI 24 h after injection and fairly
retained the FI until 144 h, our last observation time

Phototoxic cell death in response to TF-ICG mediated
PIT

PIT induced rapid cell death, and numerous dead cells

WJG|https://www.wjgnet.com

5496

December 28, 2018|Volume 24|Issue 48|

Aung W et al . PIT of pancreatic cancer with TF-ICG
Merge

NucGreen® Dead

NucBlue® Dead

ICG

NIR-PIT

1849-ICG

NIR

100 μm, Objective magnification (10 ×)

Figure 3 Phototoxic cell death after photoimmunotherapy. Two hours after photoimmunotherapy (PIT) treatment, the cells were stained using the Cell viability
imaging kit. The nuclei of dead cells were stained with NucGreen® Dead reagent (green), while the viable cell nuclei were stained with NucBlue® Live reagent (blue).
Near-infrared (NIR)-PIT induced rapid cell death and numerous dead cells were markedly visible. There was no significant cytotoxicity associated with exposure to
indocyanine green-labeled anti-tissue factor antibody 1849 or NIR light only. (Scale bar = 100 μm, 10 × objective magnification). 1849-ICG: Indocyanine green-labeled
anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.

point, even though FI of tumor decreased gradually over
time in longitudinal imaging (Figure 4A). In contrast, the
FI of tumors in the PIT group decreased immediately
after receiving the irradiation but it increased again in 24
h (Figure 4B).

the other hand, no obvious damage was observed in the
tumors of the control groups: receiving only 1849-ICG
but no NIR irradiation, receiving only NIR irradiation,
receiving only unconjugated anti-TF 1849, and receiving
no treatment (Figure 6). As per the IHC examination, the
numbers of Ki-67-positive tumor cells, indicating active
proliferation, decreased noticeably in the tumor tissues
of mice treated with PIT, when compared with the other
groups (Figure 7).

PIT effects on the tumor growth in nude mice

Tumor growth was significantly inhibited by NIR-PIT
with statistically significant differences in the relative
tumor volumes for 27 d after the treatment onset when
compared to the other groups (no treatment, 1849-ICG
only, anti-TF 1849 only and NIR irradiation only) (P <
0.05) (Figure 5A). No significant therapeutic effect was
observed in the control groups. A significantly prolonged
survival was observed in the NIR-PIT group (P < 0.05 vs
the other groups) (Figure 5B). No body weight change
(Figure 5C), skin damage, or abnormal general condition
were observed in these mice.

DISCUSSION
For cancer therapy, conventional PDT has been suggested
[21]
as one of the treatment modalities . In PDT, tumor
targeting of photosensitizers depends primarily upon
the passive enhanced permeability and retention (EPR)
[22]
effect . However, EPR-based tumor targeting alone
[23]
faces intrinsic limitations in its specificity and efficacy .
To overcome this ambiguity, active targeting strategies
using special molecules (antibodies, ligands, etc.),
which bind to tumor antigens specifically, have been
exploited and are preferred as a drug delivery system.
[24]
Recently, Mitsunaga et al
and others recommended
cancer cell-selective NIR-PIT to overcome the limitation
of conventional PDT. Their studies revealed that NIRPIT induces reliable cytotoxic and antitumor effects in
[25-32]
several tumors and derived cell lines
. Researchers
labeled the different types of tumor-specific antibodies
[25,26]
[27]
such as anti-EGFR mAb
, anti-CD20 mAb , anti-

Evaluation of the PIT effects with histological and IHC
analysis

According to our histological examination and some
previous studies, the cells in BxPC-3 tumors have been
observed to form a nest pattern, surrounded by stromal
[20]
tissues in BxPC-3 tumors . However, H&E-stained
sections of tumors treated with PIT revealed necrotic
death-associated features, such as loss of tumor cells and
the nest pattern, scattering of damaged and hypertrophic
tumor cells, and marked interstitial ﬁbrosis (Figure 6). On
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Figure 4 Serial near-infrared fluorescence imaging of a representative mouse bearing xenografted tumor. A: Imaging was performed pre- and post- injection
of indocyanine green (ICG)-labeled anti-tissue factor antibody 1849 (1849-ICG) at indicated time points (24, 48, 72, and 144 h). The upper panel shows the overlaid
image of the ICG spectrum image (middle panel) and the white light image (lower panel). Fluorescent signal intensity of BxPC-3 tumors is higher than that of the
whole body. Adjoining bar graph shows the ICG specific signal intensity of the tumors over time with the peak intensity at 24 h after the injection. Data are presented
as mean ± SD (n = 14); B: Images of tumor bearing mice before photoimmunotherapy (PIT) (left); 2 h (center) and 24 h (right) after PIT. ICG signal intensity in the
tumor decreased initially after PIT and was restored in 24 h suggesting re-accumulation of 1849-ICG due to circulating 1849-ICG. Bar graph shows the ICG signal
intensity of tumor before and after near-infrared-PIT. Data are presented as mean ± SD (n = 16). 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody
1849; NIR: Near-infrared; PIT: Photoimmunotherapy.
[33]

[34]

[30]

CD44 mAb , anti-PD-L1 mAb , anti-PSMA mAb ,
[35]
[31,32]
anti-CD25 mAb , and anti-CEA mAb
, with photo
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sensitizer IR700DX, and used them as PIT agents.
Although PIT is a promising therapeutic option, very few
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Figure 5 Photoimmunotherapeutic effects on BxPC-3 xenografts and body weight change in mice. A: Tumor volume change is expressed as the ratio of the
volume on the indicated day and volume at 1 d before the start of near-infrared photoimmunotherapy (NIR-PIT). Tumors treated by NIR-PIT (red) showed significantly
reduced growth rates compared to those, that received no treatment (light blue), NIR light exposure alone (pink), indocyanine green-labeled anti-tissue factor (TF)
antibody 1849 (1849-ICG) alone (green) and anti-TF antibody 1849 (anti-TF 1849) alone (blue), for 27 d after the treatment start date. Values shown represent mean
± SD, aP < 0.05, NIR-PIT vs other groups (n = 12 for each group except n = 11 in anti-TF 1849 group); B: Significantly prolonged survival was observed in NIT-PIT
group vs other groups, bP < 0.05, by Gehan-Breslow-Wilcoxon test (n = 12 for each group except n = 11 in anti-TF 1849 group); C: The average body weight did not
differ significantly among all 5 groups of mice. Red arrowhead indicates the day of administration of 1849-ICG or Anti-TF 1849 and purple arrowheads indicate the
day of NIR exposure. Anti-TF 1849: Anti-tissue factor antibody 1849; 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT:
Photoimmunotherapy.

PIT agents have been developed and examined. There
fore, there is a need to develop more PIT agents for
treating various cancer patients.
High TF expression is commonly observed in a va
riety of solid tumors including pancreatic cancer and
is associated with poor prognosis of pancreatic ductal
[36]
adenocarcinoma . Previously, we developed the anti-TF
1849, which has high affinity against TF, and succeeded
to visualize TF-expressing tumors noninvasively, in an
[13]
orthotopic glioma mouse model and pancreatic xeno
graft tumor models (manuscript under preparation) by
111
utilizing the In-labeled anti-TF 1849. In the present
study, we propose that TF is an attractive molecular
target, and evaluate the photoimmunotherapeutic effect
mediated by anti-TF 1849 labeled with a photosensitizing
fluorophore ICG that is activated and cytotoxic upon
irradiation with NIR light.
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Our western blot analysis demonstrated the higher
expression of TF in BxPC-3 pancreatic cancer cells com
pared to the SUIT-2 cells (Figure 2A). Other researchers
have also reported the expression of TF in certain human
[10]
pancreatic cancer cell lines . These results encouraged
us to use BxPC-3 as a representative TF-expressing
pancreatic cancer model. Moreover, our results from in
vitro and in vivo fluorescence imaging after overnight
incubation of cells with 1849-ICG (Figure 2B) and tumorbearing mice after 1849-ICG injection, respectively
(Figure 4A), showed a strong ICG fluorescence signal
in BxPC-3 cells and tumors; indicating the significantly
increased accumulation of 1849-ICG in these cells
and tumors. Therefore, we hypothesized that our pan
creatic cancer xenograft expressed elevated levels of
TF and would be bound specifically with 1849-ICG.
Accumulation of 1849-ICG in tumors with fluorescence
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Figure 6 Histological examination of effects of near-infrared photoimmunotherapy 72 h after 2nd exposure to near-infrared light. Tumors were resected and
stained with hematoxylin and eosin. After near-infrared photoimmunotherapy (NIR-PIT), tumors showed necrotic death-associated features including loss of tumor
cells and cells nest pattern, scattering of damaged and hypertrophic tumor cells, and abundant ﬁbrosis. No obvious damage was detected in the tumors of other
control groups; receiving no treatment, NIR light alone, indocyanine green-labeled anti-tissue factor (TF) antibody 1849 (1849-ICG) alone and anti-TF antibody 1849
(anti-TF 1849) alone. Photos of tumor section were taken under 20 × objective magnification (scale bar = 100 μm). Anti-TF 1849: Anti-tissue factor antibody 1849;
CTR: Control; 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.
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Figure 7 Ki-67 immunostaining of tumor sections 72 h after 2nd exposure to near-infrared light in near-infrared photoimmunotherapy. A marked reduction
in Ki-67-positive cell numbers was observed in tumors treated with near-infrared photoimmunotherapy, compared with those of other control groups. Tumor section
photos were taken under 20 × objective magnification (scale bar = 100 μm). Anti-TF 1849: Anti-tissue factor antibody 1849; CTR: Control; 1849-ICG: Indocyanine
green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.

image was serially quantified and was found to peak
24 h after injection. Following NIR-PIT, the ICG signal
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intensity in the tumor decreased initially, probably due
to partial photobleaching of probe and cancer cell death.
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Subsequently, the signal intensity tended to increase
again, 24 h after PIT, indicating re-accumulation of
circulating 1849-ICG in the surviving cells of the residual
tumor. This phenomenon may ensure the effect of PIT
by additional exposure of NIR 24 h later. Our present
study is the first ever report of NIR-PIT targeting TF with
1849-ICG, although there have been studies regarding
[14-16]
the targeting of TF for diagnostic imaging
or radio
[17]
isotope therapy . Since TF is expressed not only on
[37]
tumor cell surface, but also, in tumor stroma and on
[38]
tumor-associated vascular endothelial cells , our NIRPIT with 1849-ICG may possibly target all of them.
As the NIR-PIT regimen, we used a single 1849-ICG
injection followed by NIR light exposure on two con
secutive days. We intravenously injected the 100 μg
1849-ICG conjugate in 100 μL PBS to mice and irradiated
2
the tumor with NIR light (50 J/cm ) on two consecutive
days. Even with this treatment regimen, tumor growth
retardation was seen, and we could potentially obtain
more optimal therapeutic efficacy with minimal adverse
effects by increasing the injected dose of conjugate,
the irradiation energy, fractionated doses and repeated
treatment cycles. There have been reports that NIRPIT, quickly and massively, kills target-expressing cancer
cells within minutes after the NIR light exposure by
provoking irreversible cellular membrane damage. As a
result, extracellular water can enter the cells, resulting in
[24]
swelling, blebbing, and rupture of the cells . Moreover,
antibody-photosensitizer conjugates selectively bind
to target-positive cancer cells with insignificant nontarget cellular uptake of the photosensitizer, inducing
rapid necrotic damage, especially on cancer cells near
blood vessels. Thus, it causes the dilatation of tumor
blood vessels and dramatically increasing permeability
[39-41]
so called the super EPR (SUPR) effect
. By means
of this phenomenon after the initial NIR-PIT, antibodyphotosensitizer conjugates can infiltrate more into the
tumor microenvironment with enhanced permeability
and penetration after the first dose of NIR-PIT, with a
more homogenous access to the surviving cancer cells in
[42]
tumors . Therefore, an additional irradiation with NIR
light can further augment the therapeutic efficacy of NIR[43]
PIT .
To comprehensively evaluate the potential effects
of 1849-ICG directed NIR-PIT, we performed in vitro
cell viability imaging assay, longitudinal monitoring of
tumor volume change and histological and IHC ana
lyses of tumor sections. NIR-PIT-induced rapid cell
death was seen by fluorescence microscopy (Figure 3).
Relative tumor volume change showed significant inhi
bition of tumor growth in the NIT-PIT group compared
to the control groups (Figure 4A). In the histological
investigation, H&E-stained NIR-PIT-treated tumor sec
tions exhibited necrotic death-associated features (were
loss of tumor cells and cells nest pattern, scattering of
damaged and hypertrophic tumor cells, and marked
interstitial ﬁbrosis), whereas no obvious damage was
observed in tumors of the other groups (Figure 6). Fur
thermore, in the IHC examination, a decrease in number
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of proliferating cells was noticed in the tumors of mice
treated with NIR-PIT (Figure 7). Although rapid and
massive cell death was induced by NIR-PIT, to obtain the
optimal and prolong antitumor effect, further studies with
fractionated dosing of conjugate and repeated exposure
of suitable irradiation doses and/or the strategic studies
for combining it with other drugs or treatment modalities
will be needed.
[39]
Kobayashi et al
and others utilized the IR700DX
as the photosensitizer that has photostability, water
solubility, and salt tolerance. In the present study, we
employed a water-soluble anionic dye ICG as the photo
sensitizer, which is an already approved fluorescence
imaging agent for clinical use by the United States
Food and Drug Administration, since a couple of de
[44]
cades because of its safety . Furthermore, the su
perior features of NIR properties of ICG over other
visible fluorophores, such as less auto-fluorescence,
better tissue penetration, and large stokes shifts that
allow better rejection of excitation light and thus lower
[45]
background fluorescence , encouraged us to use it
for in vivo NIR imaging and NIT-PIT. NH2-reactive ICG,
that we employed here, can easily form a covalent
bond with an amino group of anti-TF 1849 without any
activation process. Previously, ICG has been reported
to be an effective NIR light absorber for laser-mediated
[46-48]
[49]
photodynamic/PTT
. Reindl et al
reported that
ICG absorbs 800-nm NIR light, and nearly 90% of the
absorbed light is converted to heat. Moreover, there were
additional reports about that ICG induces photo-oxidative
[50]
cell death mediated by a singlet oxygen
and heat
[51]
generation . Thus, photothermal effect and oxidative
stress are involved in the mechanisms resulting in the
anti-tumor effect of ICG-NIR therapy. The present study
demonstrated that ICG is useful for PIT, suggesting that
ICG-labeled antibodies are alternative option in addition
to IR700DX-labeled.
In the last few years, with the advantage of tumor
specificity of PIT over PDT, studies on PIT have increased,
and evidences on NIR-PIT-induced immune responses
[52]
were being reported . The association of PIT and im
mune response is an interesting topic and needs to be
investigated more extensively. Unfortunately, we could
not include this issue in our present study.
The specific binding of the 1849-ICG conjugate with
inherent fluorescent nature of ICG, which emits the
fluorescence signals in the NIR range, enables using this
conjugate in clinical practice for both anti-tumor PIT and
in situ detection of pancreatic cancer. Thus, in the case
of resectable pancreatic cancer, tumor margins may
be identified by using the intraoperative or endoscopic/
laparoscopic setting of ICG fluorescence imaging tools.
Furthermore, PIT can be concurrently conducted as an
additional therapy to residual tumor tissues. PIT may
also be applied to disseminated peritoneal lesions of
pancreatic cancer with minimal damage to surrounding
healthy normal tissues. Although, the development of
clinically usable devices for endoscopic/laparoscopic
fluorescence imaging and NIR-PIT remain a hurdle, there
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cell proliferation marker) by IHC examination.

is a possibility to overcome it with advancing software
and hardware technologies.
In conclusion, the current study reveals that
1849-ICG conjugate accumulated in a TF-overexpressing
pancreatic cancer cell and xenografts model BxPC-3.
A single dose of 1849-ICG conjugate administration ac
2
companied by NIR light exposure (50 J/cm ) for two con
secutive days effectively inhibited tumor growth in vivo
without producing any noticeable adverse effects. Taken
together, our results suggest that NIR-PIT employing TF
as a targeting antigen for the 1849-ICG is a promising
new treatment modality for pancreatic cancer with a
useful contemporaneous diagnostic utility, which could be
ultimately applicable in clinical use.

Research conclusions

The TF-targeted NIR-PIT with the 1849-ICG conjugate can potentially open a
new platform for treatment of TF-expressing pancreatic cancer.

Research perspectives

Because TF-targeted NIR-PIT is a promising new treatment modality with a
useful contemporaneous diagnostic utility, we will approach to apply it in clinical
use. In addition, the association of PIT and immune response is an interesting
topic and we will explore it in the future study.

REFERENCES
1

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Pancreatic cancer is still one of major life-threatening diseases. Therefore,
there is an urgent need to explore early diagnostic and new therapeutic
options. Near infrared photoimmunotherapy (NIR-PIT) is a highly selective
tumor treatment that utilizes antibody-photosensitizer conjugate systemic
administration, accompanied by subsequent NIR light exposure. Tissue factor
(TF) is a transmembrane protein and its overexpression is associated with
increased tumor growth, tumor angiogenesis and metastatic potential in many
malignancies, including pancreatic cancer.

2

Research motivation

5

3
4

Previously, we suggested that TF may be a promising target for cancer
diagnostic imaging probe and have already reported the usefulness of anti-TF
monoclonal antibody (anti-TF mAb) in cancer imaging and therapy. However,
NIR-PIT using anti-TF mAb has not been attempted.

6

Research objectives

7

In this study, we aim to investigate the photoimmunotherapeutic effect induced
by a rat IgG2b anti-TF monoclonal antibody 1849 (anti-TF 1849), conjugated to
the NIR photosensitizer, indocyanine green (ICG), in a TF-expressing BxPC-3
pancreatic cancer model.

8

Research methods

An ICG-labeled antibody conjugate (1849-ICG) was generated by labeling an
anti-TF 1849 with ICG. The expression levels of TF in two human pancreatic
cancer cell lines were examined by western blotting. Specific binding of the
1849-ICG to BxPC-3 cells was examined by fluorescence microscopy. NIRPIT-induced cell death was determined by cell viability imaging assay. In vivo
longitudinal fluorescence imaging was used to explore the accumulation of
1849-ICG conjugate in xenograft tumors. To determine the effect of NIR-PIT,
tumor-bearing mice were divided into 5 groups: (1) 100 μg of 1849-ICG i.v.
administration followed by NIR light exposure (50 J/cm2) on two consecutive
days (Days 1 and 2); (2) NIR light exposure (50 J/cm2) only on two consecutive
days (Days 1 and 2); (3) 100 μg of 1849-ICG i.v. administration; (4) 100 μg
of unlabeled anti-TF 1849 i.v. administration; and (5) the untreated control.
Semiweekly tumor volume measurements, accompanied with histological and
immunohistochemical (IHC) analyses of tumors, were performed 3 d after the
2nd irradiation with NIR light to monitor the effect of treatments.

9

10

11

12

Research results

High TF expression in BxPC-3 cells was observed via western blot analysis,
concordant with the observed preferential binding with intracellular localization
of 1849-ICG via fluorescence microscopy. NIR-PIT-induced cell death was
observed by performing cell viability imaging assay. In contrast to the other test
groups, tumor growth was significantly inhibited by NIR-PIT with a statistically
significant difference in relative tumor volumes (P < 0.05). Tumors that received
NIR-PIT showed evidence of necrotic cell death-associated features upon
hematoxylin-eosin staining accompanied by a decrease in Ki-67-positive cells (a

WJG|https://www.wjgnet.com

13

14

5502

GBD 2015 Mortality and Causes of Death Collaborators.
Global, regional, and national life expectancy, all-cause mortality,
and cause-specific mortality for 249 causes of death, 1980-2015: a
systematic analysis for the Global Burden of Disease Study 2015.
Lancet 2016; 388: 1459-1544 [PMID: 27733281 DOI: 10.1016/
S0140-6736(16)31012-1]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J
Clin 2018; 68: 7-30 [PMID: 29313949 DOI: 10.3322/caac.21442]
Kasthuri RS, Taubman MB, Mackman N. Role of tissue factor in
cancer. J Clin Oncol 2009; 27: 4834-4838 [PMID: 19738116 DOI:
10.1200/JCO.2009.22.6324]
van den Berg YW, Osanto S, Reitsma PH, Versteeg HH. The
relationship between tissue factor and cancer progression: insights
from bench and bedside. Blood 2012; 119: 924-932 [PMID: 22065595
DOI: 10.1182/blood-2011-06-317685]
Leppert U, Eisenreich A. The role of tissue factor isoforms in cancer
biology. Int J Cancer 2015; 137: 497-503 [PMID: 24806794 DOI:
10.1002/ijc.28959]
Kakkar AK, Lemoine NR, Scully MF, Tebbutt S, Williamson RC.
Tissue factor expression correlates with histological grade in human
pancreatic cancer. Br J Surg1995; 82: 1101-1104 [PMID: 7648165
DOI: 10.1002/bjs.1800820831]
Ueda C, Hirohata Y, Kihara Y, Nakamura H, Abe S, Akahane K,
Okamoto K, Itoh H, Otsuki M. Pancreatic cancer complicated by
disseminated intravascular coagulation associated with production of
tissue factor. J Gastroenterol 2001; 36: 848-850 [PMID: 11777214]
Khorana AA, Ahrendt SA, Ryan CK, Francis CW, Hruban RH, Hu
YC, Hostetter G, Harvey J, Taubman MB. Tissue factor expression,
angiogenesis, and thrombosis in pancreatic cancer. Clin Cancer Res
2007; 13: 2870-2875 [PMID: 17504985 DOI: 10.1158/1078-0432.
CCR-06-2351]
Hobbs JE, Zakarija A, Cundiff DL, Doll JA, Hymen E, Cornwell M,
Crawford SE, Liu N, Signaevsky M, Soff GA. Alternatively spliced
human tissue factor promotes tumor growth and angiogenesis in
a pancreatic cancer tumor model. Thromb Res 2007; 120 Suppl 2:
S13-S21 [PMID: 18023707 DOI: 10.1016/S0049-3848(07)70126-3]
Haas SL, Jesnowski R, Steiner M, Hummel F, Ringel J, Burstein C,
Nizze H, Liebe S, Löhr JM. Expression of tissue factor in pancreatic
adenocarcinoma is associated with activation of coagulation. World J
Gastroenterol 2006; 12: 4843-4849 [PMID: 16937466]
Tsumura R, Sato R, Furuya F, Koga Y, Yamamoto Y, Fujiwara Y,
Yasunaga M, Matsumura Y. Feasibility study of the Fab fragment of a
monoclonal antibody against tissue factor as a diagnostic tool. Int J Oncol
2015; 47: 2107-2114 [PMID: 26497165 DOI: 10.3892/ijo.2015.3210]
Koga Y, Manabe S, Aihara Y, Sato R, Tsumura R, Iwafuji H, Furuya
F, Fuchigami H, Fujiwara Y, Hisada Y, Yamamoto Y, Yasunaga M,
Matsumura Y. Antitumor effect of antitissue factor antibody-MMAE
conjugate in human pancreatic tumor xenografts. Int J Cancer 2015;
137: 1457-1466 [PMID: 25704403 DOI: 10.1002/ijc.29492]
Takashima H, Tsuji AB, Saga T, Yasunaga M, Koga Y, Kuroda JI,
Yano S, Kuratsu JI, Matsumura Y. Molecular imaging using an antihuman tissue factor monoclonal antibody in an orthotopic glioma
xenograft model. Sci Rep 2017; 7: 12341 [PMID: 28951589 DOI:
10.1038/s41598-017-12563-5]
Hernandez R, England CG, Yang Y, Valdovinos HF, Liu B, Wong

December 28, 2018|Volume 24|Issue 48|

Aung W et al . PIT of pancreatic cancer with TF-ICG

15

16

17

18
19

20

21

22
23

24

25

26

27

28

29

HC, Barnhart TE, Cai W. ImmunoPET imaging of tissue factor
expression in pancreatic cancer with 89Zr-Df-ALT-836. J Control
Release 2017; 264: 160-168 [PMID: 28843831 DOI: 10.1016/
j.jconrel.2017.08.029]
Hong H, Zhang Y, Nayak TR, Engle JW, Wong HC, Liu B, Barnhart
TE, Cai W. Immuno-PET of tissue factor in pancreatic cancer. J
Nucl Med 2012; 53: 1748-1754 [PMID: 22988057 DOI: 10.2967/
jnumed.112.105460]
Shi S, Hong H, Orbay H, Graves SA, Yang Y, Ohman JD, Liu B,
Nickles RJ, Wong HC, Cai W. ImmunoPET of tissue factor expression
in triple-negative breast cancer with a radiolabeled antibody Fab
fragment. Eur J Nucl Med Mol Imaging 2015; 42: 1295-1303 [PMID:
25801992 DOI: 10.1007/s00259-015-3038-1]
Wang B, Berger M, Masters G, Albone E, Yang Q, Sheedy J, Kirksey
Y, Grimm L, Wang B, Singleton J, Soltis D. Radiotherapy of human
xenograft NSCLC tumors in nude mice with a 90Y-labeled antitissue factor antibody. Cancer Biother Radiopharm 2005; 20: 300-309
[PMID: 15989475 DOI: 10.1089/cbr.2005.20.300]
Scholzen T, Gerdes J. The Ki-67 protein: from the known and the
unknown. J Cell Physiol 2000; 182: 311-322 [PMID: 10653597 DOI: 1
0.1002/(SICI)1097-4652(200003)182:3<311::AID-JCP1>3.0.CO;2-9]
Sudo H, Tsuji AB, Sugyo A, Ogawa Y, Sagara M, Saga T. ZDHHC8
knockdown enhances radiosensitivity and suppresses tumor growth in
a mesothelioma mouse model. Cancer Sci 2012; 103: 203-209 [PMID:
22017350 DOI: 10.1111/j.1349-7006.2011.02126.x]
Kano MR, Bae Y, Iwata C, Morishita Y, Yashiro M, Oka M, Fujii
T, Komuro A, Kiyono K, Kaminishi M, Hirakawa K, Ouchi Y,
Nishiyama N, Kataoka K, Miyazono K. Improvement of cancertargeting therapy, using nanocarriers for intractable solid tumors by
inhibition of TGF-beta signaling. Proc Natl Acad Sci USA 2007; 104:
3460-3465 [PMID: 17307870 DOI: 10.1073/pnas.0611660104]
Agostinis P, Berg K, Cengel KA, Foster TH, Girotti AW, Gollnick SO,
Hahn SM, Hamblin MR, Juzeniene A, Kessel D, Korbelik M, Moan J,
Mroz P, Nowis D, Piette J, Wilson BC, Golab J. Photodynamic therapy
of cancer: an update. CA Cancer J Clin 2011; 61: 250-281 [PMID:
21617154 DOI: 10.3322/caac.20114]
Shirasu N, Nam SO, Kuroki M. Tumor-targeted photodynamic
therapy. Anticancer Res 2013; 33: 2823-2831 [PMID: 23780966]
Peer D, Karp JM, Hong S, Farokhzad OC, Margalit R, Langer
R. Nanocarriers as an emerging platform for cancer therapy. Nat
Nanotechnol 2007; 2: 751-760 [PMID: 18654426 DOI: 10.1038/
nnano.2007.387]
Mitsunaga M, Ogawa M, Kosaka N, Rosenblum LT, Choyke
PL, Kobayashi H. Cancer cell-selective in vivo near infrared
photoimmunotherapy targeting specific membrane molecules. Nat
Med 2011; 17: 1685-1691 [PMID: 22057348 DOI: 10.1038/nm.2554]
Burley TA, Mączyńska J, Shah A, Szopa W, Harrington KJ, Boult
JKR, Mrozek-Wilczkiewicz A, Vinci M, Bamber JC, Kaspera W,
Kramer-Marek G. Near-infrared photoimmunotherapy targeting
EGFR-Shedding new light on glioblastoma treatment. Int J Cancer
2018; 142: 2363-2374 [PMID: 29313975 DOI: 10.1002/ijc.31246]
Nakamura Y, Ohler ZW, Householder D, Nagaya T, Sato K,
Okuyama S, Ogata F, Daar D, Hoa T, Choyke PL, Kobayashi H.
Near Infrared Photoimmunotherapy in a Transgenic Mouse Model of
Spontaneous Epidermal Growth Factor Receptor (EGFR)-expressing
Lung Cancer. Mol Cancer Ther 2017; 16: 408-414 [PMID: 28151706
DOI: 10.1158/1535-7163.MCT-16-0663]
Heryanto YD, Hanaoka H, Nakajima T, Yamaguchi A, Tsushima Y.
Applying near-infrared photoimmunotherapy to B-cell lymphoma:
comparative evaluation with radioimmunotherapy in tumor xenografts.
Ann Nucl Med 2017; 31: 669-677 [PMID: 28741052 DOI: 10.1007/
s12149-017-1197-9]
Railkar R, Krane LS, Li QQ, Sanford T, Siddiqui MR, Haines
D, Vourganti S, Brancato SJ, Choyke PL, Kobayashi H, Agarwal
PK. Epidermal Growth Factor Receptor (EGFR)-targeted
Photoimmunotherapy (PIT) for the Treatment of EGFR-expressing
Bladder Cancer. Mol Cancer Ther 2017; 16: 2201-2214 [PMID:
28619755 DOI: 10.1158/1535-7163.MCT-16-0924]
Jin J, Krishnamachary B, Mironchik Y, Kobayashi H, Bhujwalla
ZM. Phototheranostics of CD44-positive cell populations in triple

WJG|https://www.wjgnet.com

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
45

5503

negative breast cancer. Sci Rep2016; 6: 27871 [PMID: 27302409 DOI:
10.1038/srep27871]
Nagaya T, Nakamura Y, Okuyama S, Ogata F, Maruoka Y, Choyke
PL, Kobayashi H. Near-Infrared Photoimmunotherapy Targeting
Prostate Cancer with Prostate-Specific Membrane Antigen (PSMA)
Antibody. Mol Cancer Res 2017; 15: 1153-1162 [PMID: 28588059
DOI: 10.1158/1541-7786.MCR-17-0164]
Shirasu N, Yamada H, Shibaguchi H, Kuroki M, Kuroki M. Potent
and specific antitumor effect of CEA-targeted photoimmunotherapy.
Int J Cancer 2014; 135: 2697-2710 [PMID: 24740257 DOI: 10.1002/
ijc.28907]
Maawy AA, Hiroshima Y, Zhang Y, Heim R, Makings L, GarciaGuzman M, Luiken GA, Kobayashi H, Hoffman RM, Bouvet M.
Near infra-red photoimmunotherapy with anti-CEA-IR700 results in
extensive tumor lysis and a significant decrease in tumor burden in
orthotopic mouse models of pancreatic cancer. PLoS One 2015; 10:
e0121989 [PMID: 25799218 DOI: 10.1371/journal.pone.0121989]
Nagaya T, Nakamura Y, Okuyama S, Ogata F, Maruoka Y, Choyke
PL, Allen C, Kobayashi H. Syngeneic Mouse Models of Oral Cancer
Are Effectively Targeted by Anti-CD44-Based NIR-PIT. Mol Cancer
Res 2017; 15: 1667-1677 [PMID: 28923838 DOI: 10.1158/1541-7786.
MCR-17-0333]
Nagaya T, Nakamura Y, Sato K, Harada T, Choyke PL, Hodge JW,
Schlom J, Kobayashi H. Near infrared photoimmunotherapy with
avelumab, an anti-programmed death-ligand 1 (PD-L1) antibody.
Oncotarget 2017; 8: 8807-8817 [PMID: 27716622 DOI: 10.18632/
oncotarget.12410]
Nakajima T, Sano K, Choyke PL, Kobayashi H. Improving the
efficacy of Photoimmunotherapy (PIT) using a cocktail of antibody
conjugates in a multiple antigen tumor model. Theranostics 2013; 3:
357-365 [PMID: 23781283 DOI: 10.7150/thno.5908]
Nitori N, Ino Y, Nakanishi Y, Yamada T, Honda K, Yanagihara K,
Kosuge T, Kanai Y, Kitajima M, Hirohashi S. Prognostic significance
of tissue factor in pancreatic ductal adenocarcinoma. Clin Cancer Res
2005; 11: 2531-2539 [PMID: 15814630 DOI: 10.1158/1078-0432.
CCR-04-0866]
Vrana JA, Stang MT, Grande JP, Getz MJ. Expression of tissue factor
in tumor stroma correlates with progression to invasive human breast
cancer: paracrine regulation by carcinoma cell-derived members of
the transforming growth factor beta family. Cancer Res 1996; 56:
5063-5070 [PMID: 8895765]
Contrino J, Hair G, Kreutzer DL, Rickles FR. In situ detection
of tissue factor in vascular endothelial cells: correlation with the
malignant phenotype of human breast disease. Nat Med 1996; 2:
209-215 [PMID: 8574967]
Kobayashi H, Choyke PL. Super enhanced permeability and
retention (SUPR) effects in tumors following near infrared
photoimmunotherapy. Nanoscale 2016; 8: 12504-12509 [PMID:
26443992 DOI: 10.1039/c5nr05552k]
Sano K, Nakajima T, Choyke PL, Kobayashi H. The effect of
photoimmunotherapy followed by liposomal daunorubicin in a mixed
tumor model: a demonstration of the super-enhanced permeability and
retention effect after photoimmunotherapy. Mol Cancer Ther 2014; 13:
426-432 [PMID: 24356818 DOI: 10.1158/1535-7163.MCT-13-0633]
Sano K, Nakajima T, Choyke PL, Kobayashi H. Markedly enhanced
permeability and retention effects induced by photo-immunotherapy
of tumors. ACS Nano 2013; 7: 717-724 [PMID: 23214407 DOI:
10.1021/nn305011p]
Nagaya T, Nakamura Y, Sato K, Harada T, Choyke PL, Kobayashi
H. Improved micro-distribution of antibody-photon absorber
conjugates after initial near infrared photoimmunotherapy (NIR-PIT).
J Control Release 2016; 232: 1-8 [PMID: 27059723 DOI: 10.1016/
j.jconrel.2016.04.003]
Mitsunaga M, Nakajima T, Sano K, Choyke PL, Kobayashi H. Nearinfrared theranostic photoimmunotherapy (PIT): repeated exposure of
light enhances the effect of immunoconjugate. Bioconjug Chem 2012;
23: 604-609 [PMID: 22369484 DOI: 10.1021/bc200648m]
Dzurinko VL, Gurwood AS, Price JR. Intravenous and indocyanine
green angiography. Optometry 2004; 75: 743-755 [PMID: 15624671]
Sharma R, Wendt JA, Rasmussen JC, Adams KE, Marshall MV,

December 28, 2018|Volume 24|Issue 48|

Aung W et al . PIT of pancreatic cancer with TF-ICG

46

47
48

49

Sevick-Muraca EM. New horizons for imaging lymphatic function.
Ann N Y Acad Sci 2008; 1131: 13-36 [PMID: 18519956 DOI: 10.1196/
annals.1413.002]
Shirata C, Kaneko J, Inagaki Y, Kokudo T, Sato M, Kiritani S,
Akamatsu N, Arita J, Sakamoto Y, Hasegawa K, Kokudo N. Nearinfrared photothermal/photodynamic therapy with indocyanine green
induces apoptosis of hepatocellular carcinoma cells through oxidative
stress. Sci Rep 2017; 7: 13958 [PMID: 29066756 DOI: 10.1038/
s41598-017-14401-0]
Tseng WW, Saxton RE, Deganutti A, Liu CD. Infrared laser
activation of indocyanine green inhibits growth in human pancreatic
cancer. Pancreas 2003; 27: e42-e45 [PMID: 14508139]
Radzi R, Osaki T, Tsuka T, Imagawa T, Minami S, Nakayama Y,
Okamoto Y. Photodynamic hyperthermal therapy with indocyanine
green (ICG) induces apoptosis and cell cycle arrest in B16F10 murine
melanoma cells. J Vet Med Sci 2012; 74: 545-551 [PMID: 22146339]
Reindl S, Penzkofer A, Gong SH, Landthaler M, Szeimies RM, Abels

50

51

52

C, Baumler W. Quantum yield of triplet formation for indocyanine
green. J Photoch Photobio A 1997; 105: 65-68 [DOI: 10.1016/
S1010-6030(96)04584-4]
Bäumler W, Abels C, Karrer S, Weiss T, Messmann H, Landthaler M,
Szeimies RM. Photo-oxidative killing of human colonic cancer cells
using indocyanine green and infrared light. Br J Cancer 1999; 80:
360-363 [PMID: 10408838 DOI: 10.1038/sj.bjc.6690363]
Urbanska K, Romanowska-Dixon B, Matuszak Z, Oszajca J, NowakSliwinska P, Stochel G. Indocyanine green as a prospective sensitizer
for photodynamic therapy of melanomas. Acta Biochim Pol 2002; 49:
387-391 [PMID: 12362980]
Ogawa M, Tomita Y, Nakamura Y, Lee MJ, Lee S, Tomita S, Nagaya
T, Sato K, Yamauchi T, Iwai H, Kumar A, Haystead T, Shroff H,
Choyke PL, Trepel JB, Kobayashi H. Immunogenic cancer cell death
selectively induced by near infrared photoimmunotherapy initiates
host tumor immunity. Oncotarget 2017; 8: 10425-10436 [PMID:
28060726 DOI: 10.18632/oncotarget.14425]
P- Reviewer: Bramhall S S- Editor: Ma RY
L- Editor: A E- Editor: Yin SY

WJG|https://www.wjgnet.com

5504

December 28, 2018|Volume 24|Issue 48|

World J Gastroenterol 2018 December 28; 24(48): 5505-5524

Submit a Manuscript: https://www.f6publishing.com
DOI: 10.3748/wjg.v24.i48.5505

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

ORIGINAL ARTICLE
Basic Study

Integrated metabolomic profiling for analysis of
antilipidemic effects of Polygonatum kingianum extract on
dyslipidemia in rats
Xing-Xin Yang, Jia-Di Wei, Jian-Kang Mu, Xin Liu, Jin-Cai Dong, Lin-Xi Zeng, Wen Gu, Jing-Ping Li, Jie Yu
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/

Xing-Xin Yang, Jia-Di Wei, Jian-Kang Mu, Jin-Cai Dong, Lin-Xi
Zeng, Wen Gu, Jing-Ping Li, Jie Yu, College of Pharmaceutical
Science, Yunnan University of Traditional Chinese Medicine,
Kunming 650500, Yunnan Province, China
Xin Liu, Beijing Entry-Exit Inspection and Quarantine Bureau,
Beijing 100026, China

Manuscript source: Unsolicited manuscript

ORCID number: Xing-Xin Yang (0000-0001-6594-772X); JiaDi Wei (0000-0002-8108-0457); Jian-Kang Mu (0000-00019189-2515); Xin Liu (0000-0003-4788-5275); Jin-Cai Dong
(0000-0001-6909-9676); Lin-Xi Zeng (0000-0002-3234-2377); Wen
Gu (0000-0003-3766-5180); Jing-Ping Li (0000-0002-7452-6342);
Jie Yu (0000-0001-8100-8896).

Corresponding author: Jie Yu, PhD, Professor, College of
Pharmaceutical Science, Yunnan University of Traditional Chinese
Medicine, 1076 Yuhua Road, Kunming 650500, Yunnan Province,
China. cz.yujie@gmail.com
Telephone: +86-871-65933303
Fax: +86-871-65933303

Author contributions: Yang XX and Yu J designed the research;
Yang XX, Wei JD and Dong JC performed the research; Liu X
contributed analytic tools; Zeng LX, Gu W and Li JP analyzed
the data; Yang XX, Wei JD and Mu JK wrote the paper.

Received: September 25, 2018
Peer-review started: September 25, 2018
First decision: October 24, 2018
Revised: October 31, 2018
Accepted: November 16, 2018
Article in press: November 16, 2018
Published online: December 28, 2018

Supported by the National Natural Science Foundation of
China, No. 81660596 and No. 81760733; the Application and
Basis Research Project of Yunnan, China, No. 2016FD050 and
No. 2017FF117-013; and the Fund for Young and Middle-aged
Academic and Technological Leaders of Yunnan, No. 2015HB053.
Institutional animal care and use committee statement:
Approval from the Institutional Ethical Committee on Animal Care
and Experimentations of Yunnan University of Traditional Chinese
Medicine was obtained for this study.

Abstract
AIM
To identify the effects and mechanism of action of Poly
gonatum kingianum (P. kingianum ) on dyslipidemia in
rats using an integrated untargeted metabolomic me
thod.
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METHODS
A rat model of dyslipidemia was induced with a high-fat
diet (HFD) and rats were given P. kingianum [4 g/(kg•d)]
intragastrically for 14 wk. Changes in serum and hepatic
lipid parameters were evaluated. Metabolites in serum,
urine and liver samples were profiled using ultra-high
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performance liquid chromatography/mass spectrometry
followed by multivariate statistical analysis to identify po
tential biomarkers and metabolic pathways.

syndrome, and is an important risk factor for athero
sclerosis, coronary heart disease, stroke and other
cardiovascular and cerebrovascular diseases. It is also
closely related to many significant diseases such as
[1]
diabetes and nephropathy . Dyslipidemia is divided
into two types, referred to as primary and secondary
dyslipidemia. Primary dyslipidemia has a genetic history
and may be caused by congenital enzyme defects.
Secondary dyslipidemia is usually present in patients
with diseases such as diabetes mellitus, hypothyroidism,
nephrotic syndrome, biliary obstruction, pancreatitis,
[2]
gout, alcoholism, and various liver disorders . The im
provement in living standards and associated lifestyle
changes have led to dyslipidemia being considered one
of the most important risk factors for metabolic diseases
[3]
worldwide . Therefore, management of dyslipidemia is
of vital importance to prevent and cure a variety of acute
and chronic human diseases.
The commonly used lipid regulators include statins,
fibrates, nicotinic acid and variants, bile acid sequestrants
and inhibitors of cholesterol absorption. These drugs
can be effective for treating dyslipidemia, but have signi
[4]
ficant adverse effect profiles . For example, statins may
increase blood glucose concentrations, cause rhabdo
[5]
myolysis or damage the liver and kidneys . Traditional
Chinese medicines (TCMs) are one of the world’s oldest
herbal medicines and have been applied extensively by
[6]
TCM practitioners for thousands of years . TCMs have
an indispensable role in the prevention and treatment of
human diseases, especially those that are complicated
[7]
and chronic . As a complementary therapy technique
with fewer side effects than Western medicines, TCMs
have been employed widely to regulate lipid metabolic
[8]
disorders . Thus, TCMs may serve as the basis for devel
opment of new lipid-regulating drugs or health products.
Rhizoma polygonati, first recorded in Mingyi Bielu
in 220-450 AD (written by Hong-Jing Tao), has been
used as a TCM and nutritional food for over 2000 years.
Polygonatum kingianum Coll. et Hemsl., Polygonatum
sibiricum Red. and Polygonatum cyrtonema Hua are
described in the Chinese Pharmacopoeia (2015 edition)
as legal sources of Rhizoma polygonati. Polygonatum
kingianum (P. kingianum; Figure 1) is mainly distributed
in the Chinese provinces of Yunnan, Sichuan, Guizhou
and Guangxi. It is mainly comprised of saponins and
polysaccharides, and has pharmacological activities that
include immune system stimulation, anti-aging effects
[9,10]
and blood glucose regulation
. Our previous research
showed that the total saponins and total polysaccharides
from P. kingianum had blood glucose and lipid regulating
[11,12]
activities
. However, the lipid-regulating effects of P.
kingianum and the mechanism for these remain unclear.
Metabolomics can comprehensively characterize
small molecule metabolites in biological systems. It can
also provide an overview of metabolic status and global
biochemical events after external stimulation such as
[13]
in disease models and after drug treatment . Meta
bolomics is a novel method in pharmacological and phar

RESULTS

P. kingianum significantly inhibited the HFD-induced in

crease in total cholesterol and triglyceride in the liver
and serum. P. kingianum also significantly regulated
metabolites in the analyzed samples toward normal sta
tus. Nineteen, twenty-four and thirty-eight potential bio
markers were identified in serum, urine and liver samples,
respectively. These biomarkers involved biosynthesis of
phenylalanine, tyrosine, tryptophan, valine, leucine and
isoleucine, along with metabolism of tryptophan, tyrosine,
phenylalanine, starch, sucrose, glycerophospholipid, ara
chidonic acid, linoleic acid, nicotinate, nicotinamide and
sphingolipid.
CONCLUSION

P. kingianum alleviates HFD-induced dyslipidemia by

regulating many endogenous metabolites in serum, urine
and liver samples. Collectively, our findings suggest that
P. kingianum may be a promising lipid regulator to treat
dyslipidemia and associated diseases.
Key words: Dyslipidemia; Lipid regulation; Metabolomics;
Multivariate statistical analysis; Polygonatum kingianum ;
Ultra-high performance liquid chromatography/mass
spectrometry
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the effects and the underlying
mechanism of action of Polygonatum kingianum (P.
kingianum ) on high-fat diet (HFD)-induced dyslipidemia in
rats using an integrated untargeted metabolomic method.
The results indicated that P. kingianum alleviated HFDinduced dyslipidemia by regulating a large number of
endogenous metabolites in serum, urine and liver. This
involved phenylalanine, tyrosine, tryptophan, valine,
leucine and isoleucine biosynthesis, and tryptophan,
tyrosine, phenylalanine, starch, sucrose, glycerophos
pholipid, arachidonic acid, linoleic acid, nicotinate, nicotina
mide and sphingolipid metabolism. P. kingianum may be
a promising lipid regulator to remedy dyslipidemia and
further alleviate its related diseases.
Yang XX, Wei JD, Mu JK, Liu X, Dong JC, Zeng LX, Gu W, Li JP,
Yu J. Integrated metabolomic profiling for analysis of antilipidemic
effects of Polygonatum kingianum extract on dyslipidemia in rats.
World J Gastroenterol 2018; 24(48): 5505-5524
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5505.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5505

INTRODUCTION
Dyslipidemia is a core characteristic of the metabolic
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A

April 2017. Samples were authenticated by Professor Jie
Yu and a voucher specimen (No. 8426) was deposited
in the Key Laboratory of Preventing Metabolic Diseases
of Traditional Chinese Medicine, Yunnan University of
Traditional Chinese Medicine (Kunming, China).

B

Preparation of P. kingianum extract

P. kingianum rhizome was processed according to
regulations in the Chinese Pharmacopoeia (2015 edition).
Briefly, fresh P. kingianum rhizome was separated from
fibrous roots, washed, cut into thick slices and dried
at 50 ℃. The dried materials were then infiltrated in a
5-fold volume of Shaoxing rice wine (Beijing Ershang
Wangzhihe Food Co., Ltd., Beijing, China), and then
placed in a steam sterilizer (LDZX-50 KBS, Shanghai
Shenan Medical Instrument Factory, Shanghai, China)
at 120 ℃ for 2.5 h. After cooling for 3 h, the steamed
materials were dried at 60 ℃.
The steamed and dried P. kingianum sample was
pulverized, immersed in a 7-fold volume of water for
30 min and then decocted with water for 60 min. The
filtrates were collected after leaching. The dregs were
decocted successively with a 7-fold volume of water for
a further 60 min, and the extracted liquids filtered. The
two filtrates were then combined and condensed using
an R-210 rotatory evaporator (Büchi Labortechnik AG,
Flawil, Switzerland) under reduced pressure at 50 ℃.
Finally, the concentrates were lyophilized to a powder
using a FD5-3 freeze dryer (SIM International Group Co.
Ltd., Newark, DE, United States). The obtained sample
powder was stored in a desiccator at room temperature
until use.

Figure 1 Polygonatum kingianum. A: Whole plant photograph of
Polygonatum kingianum (P. kingianum); B: Rhizome of P. kingianum, which
represents the medicinal part of this plant used in this study.

macodynamic studies that is increasingly employed to
assess the therapeutic and toxic effects of herbal TCMs
[14]
and TCM prescriptions, and their mechanism of action .
In the present study, we investigated the lipid-regu
lating effects and the underlying mechanism of action of
P. kingianum on high-fat diet (HFD)-induced dyslipidemia
in rats. An integrated untargeted metabolomic method
was used, which was based on ultra-high performance
liquid chromatography/mass spectrometry (UHPLC/MS)
analysis of serum, urine and liver samples (Figure 2).
The results indicated that P. kingianum alleviated HFDinduced dyslipidemia by regulating many endogenous
metabolites in serum, urine and liver samples. Taken
together, these findings indicated that P. kingianum may
be a promising lipid regulator to treat dyslipidemia and
further alleviate associated diseases.

Animal experiments

MATERIALS AND METHODS

Healthy male Sprague-Dawley rats (200 ± 50 g) were
obtained from Dashuo Biotech. Co., Ltd. (Chengdu,
China). They were adjusted to a controlled environment
(22 ± 1 ℃ temperature; 60% ± 10% humidity; and a
12 h/12 h light/dark cycle) with free access to water and
a commercial laboratory complete food. Experiments
complied with the Guide for the Care and Use of Labora
tory Animals as published by the United States of
America National Institutes of Health and specifically
approved by the Institutional Ethical Committee on
Animal Care and Experimentations of Yunnan University
of Traditional Chinese Medicine (R-062016003) (Kunming,
China). All reasonable efforts were made to minimize
animal suffering.
After one week of adaptive feeding, rats were
randomized into four groups (n = 5 rats per group):
normal control (normal saline), model (normal saline),
simvastatin [1.8 mg/(kg•d)] and P. kingianum [4
g/(kg•d)] groups. The simvastatin group served as a
positive control. The rats were given the treatments
intragastrically once a day for 14 consecutive weeks.
Simvastatin and P. kingianum were prepared separately
in normal saline. Dyslipidemia was induced with an HFD
(comprised of 1% cholesterol, 10% refined lard, 10%

Chemicals, reagents and materials

Kits for quantifying triglyceride (TG) and total cholesterol
(TC) concentrations were purchased from ZhongshengBei
Biotech Co., Ltd. (Beijng, China). Bicinchoninic Acid
(BCA) Protein Determination Kit was obtained from
Beyotime Institute of Biotechnology (Shanghai, China).
Simvastatin was purchased from Hangzhou Merck East
Pharmaceutical Co., Ltd. (Hangzhou, China). HPLCgrade formic acid and acetonitrile were acquired from
Merck (Darmstadt, Germany). Basal rodent diet (calories
provided from carbohydrates, proteins and fat were
62%, 26% and 12%, respectively) was obtained from
Suzhou Shuangshi Experimental Animal Feed Technology
Co., Ltd. (Suzhou, China). Cholesterol, refined lard, and
eggs were supplied by Beijing Boao Extension Co., Ltd.
(Beijing, China), Sichuan Green Island Co., Ltd. (Chengdu,
China) and Wal-Mart Supermarket (Kunming, China),
respectively. High-purity deionized water was purified
using a Milli-Q system (Millipore, Bedford, MA, United
States). All other reagents were of analytical grade or
higher. The rhizome of P. kingianum was purchased
from Wenshan Shengnong Trueborn Medicinal Materials
Cultivation Cooperation Society (Wenshan, China) on 07
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Sample preparation
Serum

Urine

UHPLC/MS
analysis

Liver homogenate

200 μL

100 μL

600 μL
Acetonitrile

300 μL
Acetonitrile

1 mL
3 mL
Acetonitrile
Statistical analysis
Filtration

Vortex
Potential biomarker

Drying under N2
and re-dissolution

Resting, 4 ℃, 20 min

Metabolic pathway analysis

Centrifugation, 4 ℃
12000 rpm, 20 min
Aqueous

Figure 2 Workflow of the integrated untargeted metabolomic method based on ultra-high performance liquid chromatography/mass spectrometry analysis
of serum, urine and liver samples. UHPLC/MS: Ultra-high performance liquid chromatography/mass spectrometry.

eggs and 79% basic feed) for 14 wk in all groups except
for the normal control group.

and resting at 4 ℃ for 20 min, the samples were
centrifuged at 12000 rpm and 4 ℃ for 15 min. The
collected supernatants were dried under a gentle nitrogen
stream. The obtained residues were re-dissolved in 100
μL of acetonitrile for metabolomics analysis.

Sample collection

To collect urine samples, rats in each experimental group
were housed in metabolic cages for the last three weeks
of the 14 wk of treatment. Samples were collected from
the metabolic cages and transferred immediately into
sterile tubes. After the last administration at week 14,
rats were fasted for 12 h and then anesthetized with
chloral hydrate. Fasting blood was collected from the
hepatic portal vein, and the liver was harvested and
stored at -80 ℃ until use. Blood samples were allowed to
clot at 4 ℃ and centrifuged at 10000 g for 10 min, after
which serum was collected and stored at -80 ℃ until
assayed.

Urine samples: Samples were lyophilized to a powder
using a FD5-3 freeze dryer (SIM International Group
Co. Ltd., Newark, DE, United States). The obtained
sample powders were dissolved with 100 μL of water
and then diluted with 300 μL of acetonitrile. After vortexmixing and resting at 4 ℃ for 20 min, the samples were
centrifuged at 12000 rpm and 4 ℃ for 15 min. The
collected supernatants were dried with a gentle nitrogen
stream. The residues were re-dissolved in 100 μL of
acetonitrile for metabolomics analysis.

Measurement of lipid parameters in serum and liver

TG and TC concentrations were determined using 100 μL
of serum and 100 μL of liver homogenate supernatant,
in which the protein concentration was measured by BCA
assay. All parameters were evaluated on a SpectraMax
Plus 384 Microplate Reader (Molecular Devices, Sun
nyvale, CA, United States) using commercially available
diagnostic kits in accordance with the manufacturer’s
instructions.

Liver samples: Samples were thawed at room tempe
rature before pre-treatment. Liver tissue (0.2 g) from
each rat was homogenized with 1.0 mL of normal saline
and then diluted with 300 μL of acetonitrile. After vortexmixing and resting at 4 ℃ for 20 min, the samples were
centrifuged at 12000 rpm and 4 ℃ for 15 min. The
collected supernatants were dried with a gentle nitrogen
stream. The residues were re-dissolved in 100 μL of
acetonitrile for metabolomics analysis.

Sample pre-treatment for UHPLC/MS analysis

Conditions of UHPLC/MS analysis

Serum samples: Aliquots of serum (200 μL) were
diluted with 600 μL of acetonitrile. After vortex-mixing

WJG|https://www.wjgnet.com
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Table 1 Body weight and food intake of rats

Initial body weight (g)
Final body weight (g)
Body weight gain (g)
Food intake (g)

Normal control

Model

Simvastatin

200.87 ± 8.83
494.81 ± 37.43
293.94 ± 28.61
15670.81

206.69 ± 8.51
518.08 ± 40.50
311.39 ± 31.98
15042.53

205.03 ± 6.26
487.62 ± 30.26
282.59 ± 24.01
14969.08

P. kingianum
206.72 ± 7.82
480.14 ± 29.91
273.42 ± 22.10
14903.86

Values represent the mean ± SD from five animals. P. kingianum: Polygonatum kingianum.

Table 2 Effects of Polygonatum kingianum on total cholesterol and triglyceride concentrations in rat serum
Group

TC (mmol/L)

Normal group
Model group
P. kingianum group
Simvastatin group

TG (mmol/L)

c

1.42 ± 0.11
1.56 ± 0.11a
1.43 ± 0.13c
1.15 ± 0.09b,d

0.91 ± 0.21
0.97 ± 0.22
0.76 ± 0.13c
0.77 ± 0.09c

Values represent the mean ± SD from five animals. aP < 0.05, bP < 0.01 vs the relative normal group. cP < 0.05, dP < 0.01 vs the relative model group. P.
kingianum: Polygonatum kingianum; TC: Total cholesterol; TG: Triglyceride.

(https://xcmsonline.scripps.edu) to output all data, inclu
ding groups and comparisons. After that, multivariate
statistical analysis, including principal components ana
lysis (PCA) and orthogonal partial least squares discri
minant analysis (OPLS-DA), was performed on SIMCA-P
14.1 software (Umetrics, Umeå, Sweden). Potential
biomarkers were selected according to the parameters
of variable importance in the projection (VIP > 1.0) from
OPLS-DA. The metabolites were identified using METLIN
database and compared with data reported previously.
Finally, biochemical reactions involving the identified
metabolites were found through the Kyoto Encyclopedia
of Genes and Genomes (KEGG) in MetaboAnalyst4.0
online (http://www.metaboanalyst.ca).

Scientific Q-Exactive TM hybrid quadrupole-orbitrap mass
spectrometer with a heated-electrospray ionization probe
(Thermo Fisher Scientific, San Jose, CA, United States).
The UHPLC system consisted of a quaternary pump,
an auto-sampler with a temperature control function, a
column box, and a photodiode array (PDA) detector.
UHPLC conditions for all samples were: (1) chromato
graphic column: Thermo C18 column (100 mm × 2.1
mm I.D., 1.9 μm); (2) mobile phase: 0.1% formic acid (A)
and acetonitrile (B) with a gradient program (0-3 min,
5% B; 3-5 min, 5% B → 23% B; 5-10 min, 23% B →
43% B; 10-13 min, 43% B → 64% B; 13-16 min, 64%
B → 85% B; 16-18 min, 85% B → 100% B; 18-20 min,
100% B → 100% B); (3) flow rate: 0.2 mL/min; and (4)
sample injection volume: 4 μL.
MS conditions for all samples were: (1) flow rate: 0.2
mL/min (split from UPLC effluent); (2) detection mode:
positive and negative ion; (3) heat block and curved
desolvation line temperature: 250 ℃; nebulizing nitrogen
gas flow: 1.5 L/min; interface voltage: (+) 3.5 kV, (-)
2
-2.8 kV; (4) mass range: MS, m/z 100-1000; MS and
3
MS , m/z 50-1000; (5) dynamic exclusion time: 10 s;
and (6) workstation: Xcalibar 3.0.63 for liquid chroma
tography combined with data processing, molecular
prediction, and precise molecular weight calculations.

RESULTS
Effects of HFD and P. kingianum on body weight and
food intake

In the present study, a HFD rat model was used to in
vestigate the potential effect of P. kingianum on HFDmediated dyslipidemia that was induced by admini
stration of an HFD over a 14-wk period. P. kingianum
extract was administered by oral gavage at s dosage
of 4 g/(kg•d) during HFD administration. During the
experiment, none of the rats died, and they had healthylooking fur, normal drinking habits, moved freely and
rapidly responded to external stimuli. As shown in Table 1,
the HFD slightly increased body weight, but P. kingianum
and simvastatin showed a non-significant effect on body
weight and food intake.

Statistical analysis

Lipid concentrations in serum and liver are expressed as
the mean ± standard deviation (SD). Statistical analyses
were performed using SPSS software (13.0 for Windows;
SPSS, Chicago, IL, United States). Differences between
groups were analyzed by one-way analysis of variance
(ANOVA, Dunnett’s method). P < 0.05 (two-tailed) was
considered statistically significant.
All UHPLC/MS raw files were exported in Xcalibur Raw
File (.raw) format and converted to computable docu
ment format (.cdf) with Xcalibur 2.0 software (Thermo
Fisher Scientific, Waltham, MA, United States). The
converted file was then transferred into XCMS online
WJG|https://www.wjgnet.com

Effects of P. kingianum on lipids in serum and liver
samples from HFD-fed rats

The effects of P. kingianum on lipids in serum and liver
samples were first assessed in a rat model of HFDinduced dyslipidemia. As shown in Table 2, 14 wk of
HFD feeding resulted in a significant increase in TC
concentration, but had no significant effect on TG con
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Table 3 Effects of Polygonatum kingianum on total cholesterol and triglyceride concentration in rat liver
Group

TC (mmol/gprot)

Normal group
Model group
P. kingianum group
Simvastatin group

TG (mmol/gprot)

d

1.46 ± 0.12d
2.83 ± 0.71b
1.20 ± 0.28d
1.37 ± 0.43d

0.77 ± 0.19
1.17 ± 0.22b
0.95 ± 0.15c
0.94 ± 0.15c

Values represent the mean ± SD from five animals. aP < 0.05, bP < 0.01 vs the relative normal group. cP < 0.05, dP < 0.01 vs the relative model group. P.
kingianum: Polygonatum kingianum; TC: Total cholesterol; TG: Triglyceride.

centration in serum. These effects were significantly
reduced by simvastatin, which is known to correct
[15]
dyslipidemias . Similar to simvastatin, P. kingianum re
markably prevented HFD-induced dyslipidemias. Further
more, Table 3 shows that after 14 wk of HFD feeding,
hepatic TC and TG concentrations were significantly
increased compared with the normal control group.
However, these effects were significantly reduced by P.
kingianum and simvastatin treatment.

kingianum group was more similar to the control group.
Thus, P. kingianum treatment remarkably prevented
HFD-induced pathological changes.
OPLS-DA was performed to further verify sample se
paration from the four groups, to maximize separation
between groups and to identify biomarkers from them
(Figure 6B). The OPLS-DA score plots were described
2
2
by the cross-validation parameter, R Y, and Q , which
represent the total explained variation for the X matrix
and the predictability of the model, respectively. In posi
tive and negative ion modes, the four groups were also
significantly separated. The P. kingianum and simvastatin
groups were both close to the control group, which fur
ther indicated that P. kingianum treatment strongly pre
vented HFD-induced pathological changes.
To further evaluate the component changes after
treatment, an S-Plot loading diagram was established
based on OPLS-DA. As shown in Figure 6C, each point re
presents a variable that shows the biomarker that caused
the difference between the model and P. kingianum
groups. The importance of each variable to the classi
fication was evaluated by the VIP value, with molecules
with a VIP > 1.0 selected as potential biomarkers.

Metabolomic profiling of serum, urine and liver samples

Separation conditions of the three samples on the
UHPLC column were optimized in terms of peak number,
peak shape and reproducibility. Figures 3-5 shows
representative total ion current profiles of the positive
and negative ion modes of the four groups in serum,
urine and liver, respectively. A large number of molecules
were profiled by UHPLC/MS in the analyzed samples.
Moreover, there were significant differences in peak
number and intensity between the four groups within
each of the three sample types. This indicated different
metabolomic states in the different groups. Hence, after
14 wk of HFD feeding and administration of P. kingianum
and simvastatin, the metabolites in serum, urine and
liver samples were significantly different.

Urine samples

Figure 7A shows the PCA score plots of urine samples in
positive and negative ion modes. The control group was
clearly distinguished from the other three groups, which
overlapped partially. In the negative ion mode, there
were abnormal sets in the control group, which might
be due to individual sample differences that resulted in
outlier sample points being outside the 95% confidence
interval. The model group was significantly different from
the control group. The P. kingianum and simvastatin
groups had a tendency to deviate from the model group,
while the P. kingianum group was closer to the cross than
the simvastatin group. Compared with the model group,
the P. kingianum group had a tendency to approach the
part samples of the control group and deviate from the
part samples of the control group. This was because the
appearance of the outlier sample points seriously affected
the clustering result. In the positive ion mode, outlier
sample points appeared in the control group. The model
group had a tendency to deviate to the left compared
with the control group. The P. kingianum group partially
overlapped with the simvastatin group, but did not
approach the control group. This was considered to be

Multivariate statistical analysis of metabolomic data

PCA and OPLS-DA are frequently used for multivariate
data analysis because of their ability to cope with highly
multivariate, noisy, collinear and possibly incomplete
data. PCA is an unsupervised pattern recognition method
that is initially used to discern the presence of inherent
similarities in profiles. OPLS-DA is a supervised pattern
recognition approach based on a partial least squares
algorithm that has higher sensitivity for biomarker detec
tion than other methods.

Serum samples

Figure 6A shows the PCA score plots of serum samples
in positive and negative ion modes. The normal control,
model, simvastatin and P. kingianum groups were lo
cated in four different regions of the scatter score map.
The four sample sets were basically separated. Additio
nally, the P. kingianum group was closer to the normal
group than the simvastatin group and partially over
lapped with the normal group. This indicated that the
composition and concentration of metabolites in the P.
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Figure 3 Representative total ion current profiles of serum samples in the negative (Ⅰ) and positive (Ⅱ) ion modes. A: Control group; B: Model group; and C:
Polygonatum kingianum group.

related to the outlier sample points of the control group.
Figure 7B shows the OPLS-DA diagrams of urine
samples in positive and negative ion modes. The results
suggested that the samples from all groups were
perfectly separated, and samples in each group were well
clustered. The model group was significantly different
from the control group, indicating that physiological
metabolism in the urine of rats was seriously interfered
with by the HFD. The sample points of the P. kingianum
group showed a tendency to approach the control group,
indicating that HFD-induced changes were relieved after
P. kingianum administration. Figure 7C shows the S-Plot
loading diagram of urine samples and the substances
with a VIP > 1.0 that were selected as biomarkers.

samples in positive and negative ion modes. The results
suggested that the samples from all groups were per
fectly separated, and the samples in each group were
well clustered. The P. kingianum group was closer to the
control group than the simvastatin group, which indicated
that P. kingianum had significant effects on metabolomic
changes in the liver. Figure 8C shows the S-Plot loading
diagrams of urine samples and the substances with a VIP
> 1.0 that were selected as biomarkers.

Potential biomarker identification

Nineteen compounds were identified from serum sam
ples, including four in the negative ion mode and 15 in
the positive ion mode. They were amino acids, carbo
hydrates and esters (Table 4). There were 24 compounds
identified from urine samples, including seven in the
negative ion mode and 17 in the positive ion mode. They
were amino acids, organic acids and esters (Table 5).
Finally, 38 compounds were identified from liver samples,
including 18 in the negative ion mode and 22 in the
positive ion mode. They were amino acids, organic acids
and esters (Table 6).

Liver samples

Figure 8A displays the PCA score plots of liver samples
in positive and negative ion modes. In the negative
ion mode, all samples were distributed within the 95%
confidence interval. The control group partially over
lapped with the model group, which might be due to
the unsupervised pattern recognition of PCA analysis. In
the positive ion mode, there were outlier sample points
in the control group. The P. kingianum group was signi
ficantly different from the control and model groups, in
dicating that P. kingianum administration interfered with
metabolism in the rats.
Figure 8B showed the OPLS-DA diagrams of liver
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Metabolic pathway analysis

Pathways with influence values greater than 0.1 were
[16]
selected as the metabolic pathways . Pathway impact
plots were built to visualize the impact of altered meta
bolic pathways (Figure 9A). According to these, the
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Figure 4 Representative total ion current profiles of urine samples in the negative (Ⅰ) and positive (Ⅱ) ion modes. A: Control group; B: Model group; and C:
Polygonatum kingianum group.

major intervening pathways in serum samples involved
phenylalanine, tyrosine, tryptophan, valine, leucine
and isoleucine biosynthesis, and phenylalanine, starch,
sucrose, glycerophospholipid, tryptophan and tyrosine
metabolism (Figure 9A, Table 7). In urine samples, the
major intervening pathway involved arachidonic acid
metabolism (Figure 9B, Table 8). In liver samples, the
major intervening pathways involved phenylalanine, tyro
sine and tryptophan biosynthesis, and arachidonic acid,
linoleic acid, nicotinate, nicotinamide, sphingolipid, trypto
phan and tyrosine metabolism (Figure 9C, Table 9).

to evaluate the lipid-regulating effects of P. kingianum.
Metabolomics has been applied widely to the research
of drug efficacy and the associated mechanism of ac
[17]
tion . Currently, the most common samples analyzed
in metabolomics are serum, urine, tissues/organs, feces,
cells and sub-cells. We used serum, urine and liver
samples for metabolomic analysis. The liver is the most
important locus for substance metabolism, and also the
main site for lipid and amino acid metabolism. External
stimuli (e.g. a drug) may cause hepatic metabolites to
[18]
change affecting the physiological function of the liver .
Serum reflects the overall status of an organism. When
metabolic abnormalities occur in the liver, the metabolites
in blood may change through the blood circulation. Urine
is an important excretion pathway for metabolites and
contains abundant metabolomic information about an
organism. Eleven main metabolic pathways affected
by P. kingianum administration were found in the three
samples, including seven in serum and in the liver, and
one in urine (Figure 10).

DISCUSSION
Dyslipidemia is mainly characterized by an increase in
TC and TG concentrations in the serum and/or liver. We
found that HFD feeding resulted in a significant increase
in TC concentration in serum, and in TC and TG concen
trations in the liver. This indicated that an HFD could
induce hyperlipidemia. P. kingianum extract significantly
inverted these HFD-induced changes, demonstrating that
P. kingianum effectively ameliorated dyslipidemia in HFDfed rats. Additionally, due to fundamental differences
in plasma lipoprotein metabolism between rats and hu
mans, it is valuable to use an optimal pathological model
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Phenylalanine, tyrosine and tryptophan biosynthesis
and metabolism

Amino acids are the body’s raw material for protein syn
thesis and are catabolic products. They participate in a
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Figure 5 Representative total ion current profiles of liver samples in the negative (Ⅰ) and positive (Ⅱ) ion modes. A: Control group; B: Model group; and C:
Polygonatum kingianum group.

variety of physiological and pathological processes, and
their concentration often reflects the metabolic status
of the body. In this study, a number of amino acid meta
bolic pathways were present in the serum and liver sam
ples, with a decrease in these metabolites, indicating
disordered amino acid metabolism. Dyslipidemia causes
dysfunctional phenylalanine metabolism by inhibiting
conversion of phenylalanine to tyrosine, which in
creases phenylalanine concentration in the blood. After
P. kingianum administration, we showed decreased
phenylalanine and increased tyrosine content in serum.
Tyrosine is synthesized from phenylalanine and is neces
sary for synthesizing catecholamine hormones such
as adrenaline (epinephrine). It also plays an important
role in promoting energy metabolism, scavenging free
[19]
radicals and relieving fatigue . Tyrosine undergoes a
series of metabolic reactions to form acetyl-CoA, which
participates in the tricarboxylic acid (TCA) cycle. After
P. kingianum administration, the tyrosine content was
increased, which elevated the acetyl-CoA content and
further accelerated lipid decomposition through the
TCA cycle. Therefore, P. kingianum treatment reduced
phenylalanine production and further increased tyrosine
production by regulating phenylalanine, tyrosine and
tryptophan biosynthesis, and phenylalanine and tyrosine
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metabolism.
Tryptophan, an essential amino acid for humans, has
[20]
important functions for regulating lipid metabolism .
In addition, tryptophan can be converted to acetylCoA to participate in the TCA cycle. After P. kingianum
administration, the tryptophan content was increased,
which potentiated acetyl-CoA content and accelerated
lipid decomposition. Thus, P. kingianum treatment in
creased tryptophan content and further relieved the dis
ordered lipids by regulating tryptophan metabolism.

Valine, leucine and isoleucine biosynthesis

Biosynthesis of valine, leucine and isoleucine was in
volved in the serum samples. These amino acids can
be broken down into glucose. We found that isoleucine
was decreased by P. kingianum treatment, indicating a
reduction in blood glucose. This affected the oxidation
and decarboxylation of pyruvate, and further reduced
lipid synthesis with glycerol to alleviate the lipid metabolic
disorders.

Starch and sucrose metabolism

Starch and sucrose metabolism was involved in the
serum samples. Glucose is the major energy source
and metabolic intermediate of living cells. Starch is a
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Figure 6 Multivariate statistical analysis of serum samples from model and Polygonatum kingianum groups in the negative (Ⅰ) and positive (Ⅱ)
ion modes. A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK:
Polygonatum kingianum.

polysaccharide that is composed of several glucose
units. Sucrose is a disaccharide comprised of glucose
and fructose molecules. Both sucrose and starch can be
broken down into glucose by digestive juice. Glucose
can be degraded to dihydroxyacetone phosphate by
glycolysis. Dihydroxyacetone phosphate can be reduced
to glycerol and can also be converted to pyruvate
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through glycolysis. Pyruvate is converted by oxidation
and decarboxylation to acetyl-CoA, which can be used
to synthesize fatty acids and further synthesize fat with
[21]
glycerol . We found that glucose content was reduced
after P. kingianum administration, which signified that P.
kingianum reduced lipid synthesis by regulating starch
and sucrose metabolism.
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Figure 7 Multivariate statistical analysis of urine samples from model and Polygonatum kingianum groups in the negative (Ⅰ) and positive (Ⅱ)
ion modes. A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK:
Polygonatum kingianum.

Glycerophospholipid metabolism

dylcholine can also disintegrate TGs and cholesterol in
blood and in vascular walls, reducing lipid deposition in
the vessel walls. It has been reported that people who eat
a high-cholesterol diet with added phosphatidylcholine
had lower blood cholesterol concentrations, supporting
[23]
a hypolipidemic effect of phosphatidylcholine . Fat
is mainly transported by lipoprotein, while phospha

Glycerophospholipid metabolism was involved in the
serum samples. Phosphatidylcholine is the molecule
from this pathway that was significantly changed after
P. kingianum treatment. It is an important component
of lipoproteins, a precursor of synthetic cholesterol and
[22]
it facilitates cholesterol dissolution in bile . Phosphati
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Figure 8 Multivariate statistical analysis of liver samples from model and Polygonatum kingianum groups in the negative (Ⅰ) and positive (Ⅱ) ion modes.
A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK: Polygonatum
kingianum.

treatment, demonstrating that P. kingianum regulated
glycerophospholipid metabolism to relieve dyslipidemia.

tidylcholine is a vital substance for lipoprotein syn
thesis. Increased phosphatidylcholine content leads
to accelerated hepatic lipoprotein synthesis, which
potentiates TG conversion. Thus, insufficient hepatic
phosphatidylcholine synthesis is an important contributor
to fatty liver. We found that the phosphatidylcholine
content was significantly increased after P. kingianum
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Arachidonic acid metabolism

Arachidonic acid metabolism was involved in the urine
and liver samples, and was significantly changed by P.
kingianum treatment. Cell stimulation results in decom
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Table 4 Potential biomarkers identified from serum samples
Retention time
(min)
ESI0.928261
8.30572
17.7034
13.0574
ESI+
1.11629
0.997628
1.0913
15.9773
2.1554
5.46147
0.9767
18.5687
1.09687
1.10844
5.6576
6.83329
0.960596
15.0993
10.4394

Molecular weight
(Da)

VIP

Potential biomarker

Formula

Change trend

215.032
245.048
327.233
437.291

6.26699
2.59774
1.53493
1.03338

2-C-Methyl-D-erythritol 4-phosphate
Pimpinellin
3-Methyl-5-pentyl-2-furannonanoic acid
4,4'-Diaponeurosporene

C5H13O7P
C13H10O5
C19H32O3
C30H42

down
down
down
up

132.102
132.077
118.087
496.338
166.086
205.097
203.053
400.332
150.058
182.081
202.086
160.096
140.068
478.306
288.216

21.806
16.0576
14.9589
14.2141
11.8849
10.6298
10.4336
9.59788
9.09347
8.07313
6.72953
6.65796
6.04106
1.00334
2.12052

Isoleucine
3-Guanidinopropanoate
Aminopentanoic acid
LysoPC(16:0)
L-Phenylalanine
L-Tryptophan
α-D-Glucose
Palmitoyl-L-carnitine
L-Methionine
L-Tyrosine
2'-Aminobiphenyl-2,3-diol
4-Hydroxystachydrine
Pentanoic acid
1-Oleoyl lysophosphatidic acid
L-Octanoylcarnitine

C6H13NO2
C4H9N3O2
C5H11NO2
C24H50NO7P
C9H11NO2
C11H12N2O2
C6H12O6
C23H45NO4
C5H11NO2S
C9H11NO3
C12H11NO2
C7H13NO3
C5H11NO2
C21H41O7P
C15H29NO4

down
up
up
up
down
up
down
down
down
up
down
up
down
down
down

Model-PKRP

VIP: Variable importance in the projection.

Table 5 Potential biomarkers identified from urine samples
Retention time
(min)
ESI9.00895
3.93717
14.0675
1.11379
0.990052
3.03597
17.8994
ESI+
8.40988
6.14752
10.4959
8.40656
8.2458
1.89902
13.7859
6.67969
17.9836
3.91979
7.08734
0.839605
0.924092
1.09509
9.40433
7.33104
3.91714

Molecular weight
(Da)

VIP

Potential biomarker

Formula

Change trend

213.113
218.103
265.148
254.981
308.099
365.135
303.233

1.42124
1.32234
1.35019
1.3057
1.2533
1.15211
1.12374

2,2'-(3-Methylcyclohexane-1,1-diyl) diacetic acid
Pantothenic acid
Cumanin
Ascorbate-2-sulfate
N-Acetylneuraminic acid
Tetrahydropentoxyline
Arachidonic acid

C11H18O4
C9H17NO5
C15H22O4
C6H8O9S
C11H19NO9
C17H22N2O7
C20H32O2

up
up
up
down
down
down
up

173.117
172.007
187.126
155.106
190.115
213.123
256.263
172.097
315.252
220.118
192.066
146.165
170.093
189.123
139.112
143.107
222.122

1.51559
1.50165
1.47714
1.46075
1.44948
1.39163
1.38483
1.34087
1.33499
1.30061
1.26102
1.24838
1.24502
1.23644
1.20585
1.20454
1.19506

4-Hydroxynonenoic acid
L-Homocysteine sulfonic acid
1-Phenyl-5-propyl-1H-pyrazole
4-Oxo-2-nonenal
N6-Carbamoyl-DL-lysine
Butethal
Palmitic amide
(3-Methylcrotonyl)glycine methyl ester
9,10-DiHOME
Pantothenic acid
5-Hydroxyindoleacetic acid
Spermidine
1-Methylhistidine
N-Alpha-acetyllysine
2-Pentylfuran
2-Octenoic acid
Vinyl-L-NIO

C9H16O3
C3H9NO3S2
C12H14N2
C9H14O2
C7H15N3O3
C17H22N2O7
C16H33NO
C8H13NO3
C18H34O4
C9H17NO5
C10H9NO3
C7H19N3
C7H11N3O2
C8H16N2O3
C9H14O
C8H14O2
C9H17N3O2

up
up
up
up
up
up
up
up
up
up
up
up
up
up
up
up
up

Model-PKRP

VIP: Variable importance in the projection.

position of arachidonic acid into a free form by phospho
lipase A2, with subsequent release into cytosol. The free
form produces hundreds of bioactive metabolites by a
series of metabolic enzymes. These metabolites have
important regulatory effects on lipoprotein metabolism.

WJG|https://www.wjgnet.com

Arachidonic acid closely relates to development of hyper
lipidemia. In addition to effectively reducing blood lipids,
it also decreases malondialdehyde. The latter reflects
the degree of lipid peroxidation in tissue cells, indica
ting that arachidonic acid inhibits lipid peroxidation. Our
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Table 6 Potential biomarkers identified from liver samples
Retention time
(min)

Molecular weight
(Da)

VIP

218.103
203.082
303.232
241.073
327.233
201.112
279.232
464.302
313.24
319.227
353.234
227.128
251.079
221.081
339.199
351.219
343.228
281.249

9.02621
5.17533
2.67441
2.08795
2.03102
1.77891
1.75755
1.75082
1.66517
1.58662
1.56066
1.45155
1.41613
1.39399
1.28069
1.14883
1.0584
1.03242

Pantothenic acid
L-Tryptophan
Arachidonic acid
Lumichrome
Docosahexaenoic acid
Sebacic acid
Linoleic acid
Glycocholic acid
9,10-DiHOME
16R-HETE
PGE1
Traumatic acid
Deoxyinosine
Apiole
Canrenone
PGE2
Medroxyprogesterone
Ethyl palmitoleate

C9H17NO5
C11H12N2O2
C20H32O2
C12H10N4O2
C22H32O2
C10H18O4
C18H32O2
C26H43NO6
C18H34O4
C20H32O3
C20H34O5
C12H20O4
C10H12N4O4
C12H14O4
C22H28O3
C20H32O5
C22H32O3
C18H34O2

up
up
up
down
down
down
up
down
down
up
up
down
down
down
down
up
down
down

205.097
123.055
220.118
244.092
182.081
132.077
203.053
269.088
302.305
153.04
130.159
150.058
146.165
285.083
165.055
181.122
204.123
218.139
114.092
305.248
299.201
181.122

25.6421
23.4569
15.5283
13.5445
12.3842
8.82297
8.06945
7.66822
7.59274
7.19394
6.90221
6.25979
6.24439
5.64503
5.16323
4.58665
4.29542
4.21655
3.42289
1.8771
1.60893
1.58994

L-Tryptophan
Niacinamide
Pantothenic acid
Cytarabine
L-Tyrosine
3-Guanidinopropanoate
L-(+)-Gulose
Inosine
Sphinganine
Xanthine
Octylamine
L-Methionine
Spermidine
Xanthosine
m-Coumaric acid
Dihydroactinidiolide
Succinylmonocholine
Propionyl-L-carnitine
ε-Caprolactam
Arachidonic acid
Norethindrone
Dihydroactinidiolide

C11H12N2O2
C6H6N2O
C9H17NO5
C9H13N3O5
C9H11NO3
C4H9N3O2
C6H12O6
C10H12N4O5
C18H39NO2
C5H4N4O2
C8H19N
C5H11NO2S
C7H19N3
C10H12N4O6
C9H8O3
C11H16O2
C9H17NO4
C10H19NO4
C6H11NO
C20H32O2
C20H26O2
C11H16O2

up
up
down
down
up
down
down
down
down
down
down
down
down
down
down
down
down
down
down
up
down
down

ESI3.95787
5.52016
17.9144
8.18557
17.6944
9.27129
18.1942
11.3188
13.9455
15.9588
7.08734
10.8984
2.5168
11.4285
16.2815
11.4127
15.6357
19.0468
ESI+
5.58168
1.12985
3.94534
1.07398
1.65458
0.901697
0.990524
2.07851
15.0942
1.48196
6.38205
1.21181
0.83538
2.90983
1.64612
11.3366
1.14382
2.20661
5.73361
17.9613
13.2435
11.7171

Potential biomarker

Formula

Change trend
Model-PKRP

VIP: Variable importance in the projection.
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Figure 9 Analysis of metabolic pathways in serum (A), urine (B) and liver (C) samples. a: Phenylalanine, tyrosine and tryptophan biosynthesis; b: Phenylalanine
metabolism; c: Valine, leucine and isoleucine biosynthesis; d: Starch and sucrose metabolism; e: Glycerophospholipid metabolism; f: Tryptophan metabolism;
g: Tyrosine metabolism; h: Arachidonic acid metabolism; i: Arachidonic acid metabolism; j: Phenylalanine, tyrosine and tryptophan biosynthesis; k: Linoleic acid
metabolism; l: Nicotinate and nicotinamide metabolism; m: Sphingolipid metabolism; n: Tryptophan metabolism; and o: Tyrosine metabolism.
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Table 7 Results of metabolic pathway analysis of serum samples
Pathway

Match status

P value

Impact

Details

Phenylalanine, tyrosine and tryptophan biosynthesis
Phenylalanine metabolism
Valine, leucine and isoleucine biosynthesis
Starch and sucrose metabolism
Glycerophospholipid metabolism
Tryptophan metabolism
Tyrosine metabolism

2/4
2/9
1/11
1/23
1/30
1/41
1/42

8.19E-04
0.0047415
0.126
0.24635
0.30916
0.39801
0.40552

1.0
0.40741
0.33333
0.18783
0.19753
0.15684
0.14045

KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG

No.
1
2
3
4
5
6
7

KEGG: Kyoto Encyclopedia of Genes and Genomes.

Table 8 Results of metabolic pathway analysis in urine samples
Pathway

Match status

P value

Impact

Details

Arachidonic acid metabolism

1/36

0.20927

0.32601

KEGG

No.
1

KEGG: Kyoto Encyclopedia of Genes and Genomes.

Table 9 Results of metabolic pathway analysis in liver samples
Pathway

Match status

P value

Impact

Details

Arachidonic acid metabolism
Phenylalanine, tyrosine and tryptophan biosynthesis
Linoleic acid metabolism
Nicotinate and nicotinamide metabolism
Sphingolipid metabolism
Tryptophan metabolism
Tyrosine metabolism

3/36
1/4
1/5
1/13
1/21
1/41
1/42

0.042685
0.085643
0.10592
0.25318
0.37685
0.60553
0.61452

0.34677
0.5
1.0
0.2381
0.14286
0.15684
0.14045

KEGG
KEGG
KEGG
KEGG
KEGG
KEGG
KEGG

No.
1
2
3
4
5
6
7

KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Figure 10 Metabolic pathway map of potential biomarkers. The red and blue font represents potential biomarkers that were up- and down-regulated by
Polygonatum kingianum treatment, respectively. The blue, black and green box represents amino acid, sugar and lipid metabolism, respectively. A: Phenylalanine,
tyrosine and tryptophan biosynthesis, and phenylalanine and tyrosine metabolism; B: Tryptophan metabolism; C: Valine, leucine and isoleucine biosynthesis; D:
Starch and sucrose metabolism; E: Glycerophospholipid metabolism; F: Arachidonic acid metabolism; G: Linoleic acid metabolism; H: Nicotinate and nicotinamide
metabolism; and I: Sphingolipid metabolism. TCA: Tricarboxylic acid.
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results showed increased arachidonic acid in the urine
and liver samples after P. kingianum treatment. Thus,
P. kingianum regulated arachidonic acid metabolism to
alleviate dyslipidemia.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Dyslipidemia is an important risk factor for many vicious diseases such as
diabetes and cardiovascular disease. Developing dyslipidemia regulators from
traditional Chinese medicines (TCMs) to remedy lipid disorders represents
attractive strategies for disease therapy. In China, Polygonatum kingianum (P.
kingianum) has been used as an herb and nutritional food for centuries. Known
pharmacological activities of P. kingianum include immune system stimulation,
anti-aging effects and blood glucose regulation.

Linoleic acid metabolism

Linoleic acid metabolism was involved in the liver sam
ples, and linoleic acid was significantly altered with P.
kingianum treatment. Previous studies found that linoleic
acid accelerated fatty acid oxidation and glucose decom
position. Moreover, increased linoleic acid concentrations
[24]
promoted proliferation and differentiation of fatty cells .
We found linoleic acid content to be significantly in
creased after P. kingianum administration, suggesting
that P. kingianum regulated linoleic acid metabolism.

Research motivation

To date, studies on the effects of P. kingianum on dyslipidemia and the
mechanism for these effects have not been investigated.

Research objectives

We aimed to identify the effects and mechanism of action of P. kingianum on
dyslipidemia using an integrated untargeted metabolomic method.

Niacin and nicotinamide metabolism

Research methods

Niacin and nicotinamide metabolism was involved in the
liver samples. Nicotinamide was the molecule from this
pathway that was significantly altered by P. kingianum
treatment. Nicotinamide is a metabolite produced by
amidation of niacin. Niacin reduces synthesis of low den
sity lipoprotein cholesterol, TC and TG, and increases
synthesis of high density lipoprotein cholesterol. This
[25]
indicates that niacin regulates lipid metabolism . Our
results showed that niacinamide content was increased
by P. kingianum treatment. This suggests that P.
kingianum increases niacin to alleviate dyslipidemia by
regulating hepatic niacin and nicotinamide metabolism.

A rat model of dyslipidemia was induced with a high-fat diet (HFD) and rats
were given P. kingianum [4 g/(kg•day)] intragastrically for 14 wk. Changes in
serum and hepatic lipid parameters were evaluated. Metabolites in serum,
urine and liver samples were profiled using ultra-high performance liquid
chromatography/mass spectrometry followed by multivariate statistical analysis
to identify potential biomarkers and metabolic pathways.

Research results

P. kingianum significantly inhibited the HFD-induced increase in total cholesterol
and low density lipoprotein cholesterol in serum, and total cholesterol and
triglyceride in the liver. P. kingianum also reduced hepatic high density
lipoprotein cholesterol. P. kingianum significantly regulated metabolites in the
analyzed samples toward normal status. Nineteen, twenty-four and thirtyeight potential biomarkers were identified in serum, urine and liver samples,
respectively. These biomarkers involved 11 main metabolic pathways, including
seven in serum and in the liver, and one in urine.

Sphingolipid metabolism

Sphingolipid metabolism was involved in the liver sam
ples. Sphingolipids regulate important cellular functions,
with metabolic abnormalities in these lipids closely related
to various diseases. Previous studies found that obese
individuals have disordered sphingolipid metabolism,
which appears as accumulation of sphingolipids (e.g.,
[26,27]
ceramide) in tissues and blood
. Sphingolipids can be
metabolized to sphingosine. In our study, sphingosine
content was decreased after P. kingianum treatment,
suggesting that P. kingianum might decrease sphingolipid
content to alleviate dyslipidemia by regulating hepatic
sphingolipid metabolism.

Research conclusions

P. kingianum alleviated HFD-induced dyslipidemia by regulating many
endogenous metabolites in serum, urine and liver samples. This involved
phenylalanine, tyrosine, tryptophan, valine, leucine and isoleucine biosynthesis,
and tryptophan, tyrosine, phenylalanine, starch, sucrose, glycerophospholipid,
arachidonic acid, linoleic acid, nicotinate, nicotinamide and sphingolipid
metabolism.

Research perspectives

P. kingianum may be a promising lipid regulator to treat dyslipidemia and
associated diseases.
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Abstract

Institutional review board statement: This study was reviewed
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BACKGROUND
Given the shortage of suitable liver grafts for liver trans
plantation, proper use of hepatitis B core antibody-positive
livers might be a possible way to enlarge the donor
pool and to save patients with end-stage liver diseases.
However, the safety of hepatitis B virus core antibody
+
positive (HBcAb ) donors has been controversial. Initial
studies were mainly conducted overseas with relatively
+
small numbers of HBcAb liver recipients, and there are
few relevant reports in the population of mainland China.
+
We hypothesized that the safety of HBcAb liver grafts is
not suboptimal.
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AIM
To evaluate the safety of using hepatitis B virus (HBV)
core antibody-positive donors for liver transplantation in
Chinese patients.
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METHODS
We conducted a retrospective study enrolling 1071
patients who underwent liver transplantation consecutively
from 2005 to 2016 at West China Hospital Liver Trans
plantation Center. Given the imbalance in several baseline
variables, propensity score matching was used, and the
outcomes of all recipients were reviewed in this study.

and graft survival. We also found that sufficient anti-HBs
titers in recipients might be a protective factor against de
novo HBV infection. Combined with proper postoperative
+
antiviral prophylaxis, utilization of HBcAb grafts is
feasible.
Lei M, Yan LN, Yang JY, Wen TF, Li B, Wang WT, Wu H, Xu
MQ, Chen ZY, Wei YG. Safety of hepatitis B virus core antibodypositive grafts in liver transplantation: A single-center experience
in China. World J Gastroenterol 2018; 24(48): 5525-5536
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5525.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5525

RESULTS
+
In the whole population, 230 patients received HBcAb
and 841 patients received HBcAb negative (HBcAb ) liver
grafts. The 1-, 3- and 5-year survival rates in patients
and grafts between the two groups were similar (patient
survival: 85.8% vs 87.2%, 77.4% vs 81.1%, 72.4% vs
76.7%, log-rank test, P = 0.16; graft survival: 83.2%
vs 83.6%, 73.8% vs 75.9%, 70.8% vs 74.4%, log-rank
test, P = 0.19). After propensity score matching, 210
pairs of patients were generated. The corresponding 1-,
3- and 5-year patient and graft survival rates showed no
significant differences. Further studies illustrated that the
post-transplant major complication rates and liver function
recovery after surgery were also similar. In addition,
multivariate regression analysis in the original cohort and
propensity score-matched Cox analysis demonstrated that
+
receiving HBcAb liver grafts was not a significant risk
factor for long-term survival. These findings were consis
+
tent in both HBV surface antigen-positive (HBsAg ) and
HBsAg negative (HBsAg ) patients.
Newly diagnosed HBV infection had a relatively higher
+
incidence in HBsAg patients with HBcAb liver grafts
(13.23%), in which HBV naive recipients suffered most
(31.82%), although this difference did not affect patient
and graft survival (P = 0.50 and P = 0.49, respectively).
Recipients with a high HBV surface antibody (anti-HBs)
titer (more than 100 IU/L) before transplantation and
antiviral prophylaxis with nucleos(t)ide antiviral agents
post-operation, such as nucleos(t)ide antiviral agents, had
lower de novo HBV infection risks.

INTRODUCTION
At present, liver transplantation is the only curative
method for end-stage liver diseases. However, the limited
organs available cannot meet the liver graft demand in
Chinese patients. The shortage has promoted the enlarge
ment of the donor pool, and accepting non-optimal livers
[1,2]
offers a possibility to solve this troubling problem .
China is an area of high-intermediate hepatitis B virus
(HBV) endemicity, with a prevalence of HBV infection
[3,4]
close to 8% , and studies report that the number
+
of HBV core antibody positive (HBcAb ) liver grafts is
[5-8]
up to 50% of the door pool . However, liver grafts
+
from HBcAb donors carry the potential risk of HBV
transmission, which limits the further use of such grafts,
[9]
especially for patients naïve for HBV infection . Indeed,
several studies have found HBV covalently closed circular
+
[5,7,10]
DNA (cccDNA) in some HBsAg & HBcAb liver grafts
and further verified the association between serum anti[11]
HBc levels and intra-hepatic HBV cccDNA . Thus, it is
suggested that post-transplantation immunosuppression
[12]
could trigger cccDNA and enhance its replication .
Additionally, early reports have confirmed the risk of
+
post-transplantation HBV infection in HBcAb liver graft
[7,10,13-17]
recipients to be between 33% to 100%
.
[18-22]
However, the lack of a larger study population
,
the wide variation in postoperative antiviral prophy
[7,20,21,23-25]
laxis
and the clinical characteristics of the
patients resulted in the availability of vague information
concerning the risk of post-transplantation HBV infection
+
in HBcAb liver graft recipients. Moreover, the outcome
+
of recipients receiving HBcAb liver grafts has been
discussed in previous studies with contradictory results.
+
The survival rate of recipients with HBcAb donors was
lower than that of recipients with anti-HBc negative
[19,26]
donors in two United States studies
in 1997 and
[18]
was confirmed in another investigation 5 years later .
However, in a similar Spanish study, the difference in
survival was not statistically significant (68% vs 76%,
[27]
P > 0.05) . And a UNOS-based study conducted in
[17]
+
2009
found that HBsAg recipients receiving HBcAb
liver grafts had a significantly worse unadjusted graft
survival, but the difference disappeared in multivariable

CONCLUSION
+
HBcAb liver grafts do not affect the long-term outcome
of the recipients. Combined with proper postoperative
+
antiviral prophylaxis, utilization of HBcAb grafts is rational
and feasible.
Key words: Liver transplantation; Long-term outcome;
Hepatitis B core antibody; Hepatitis B virus infection
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Considering the shortage of suitable liver grafts
for liver transplantation, using hepatitis B virus core
+
antibody positive (HBcAb ) livers might be a possible
way to enlarge the donor pool. However, the safety is
controversial and not widely evaluated in Chinese patients.
Our retrospective study enrolling 1071 patients found
+
that HBcAb grafts did not affect the long-term outcome.
Although post-transplant hepatitis B virus (HBV) infection
had a relatively higher incidence in HBV surface antigennegative patients with such grafts, it did not affect patient
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analysis. Furthermore, studies concerning the risk of posttransplantation HBV infection and the long-term graft
+
and patient survival in HBcAb liver graft recipients were
mainly conducted overseas, and there are few relevant
reports on the population of mainland China. Herein, we
conducted a retrospective study enrolling 1071 patients
who consecutively underwent liver transplantation from
2005 to 2016 in the Chinese population and aimed to
+
evaluate the safety of utilization of HBcAb liver grafts in
a relatively large number of patients.

mg/kg per day and was adjusted on the basis of liver
[32]
function and trough concentration .

Post-transplant follow-up monitoring

All recipients were followed until June 2018 or until
death or withdrawal. Patients were monitored regularly
after liver transplantation, including clinical, biochemical
and virological testing. Ultrasound examination was
conducted every day for 2 wk after the operation and
every month after discharge, with computed tomography
[33]
performed every half a year .

MATERIALS AND METHODS

Definitions of some clinical terms

Patients and data collection

HBV DNA > 100 copies/mL was detectable. Recurrence
of HBV infection was defined as a detectable serum
HBsAg and/or viral load (HBV DNA) in patients who were
HBsAg positive at the time of transplantation, and de
novo HBV infection was defined as a detectable serum
HBsAg and/or viral load (HBV DNA) in patients without
positive serum HBsAg or viral load before transplantation.
Primary non-function was defined according to cri
[34]
teria described by Ploeg et al
as a graft with poor
initial function requiring re-transplantation or leading to
death within 7 d after the primary procedure without any
[34]
identifiable cause of graft failure . Acute rejection was
defined either by liver biopsy or recovery of liver function
[32]
via high-dose methylprednisolone therapy . If chronic
rejection was suspected, liver biopsy was performed for
[32]
confirmation .

This retrospective study concerns 1112 Chinese patients
who consecutively underwent liver transplantation from
2005 to 2016 performed at the West China Hospital Liver
Transplantation Center. Re-transplantation and multiorgan transplantation were excluded. We also did not
include liver transplantations using HBV surface antigen+
positive (HBsAg ) and HCV-positive donors. All liver
grafts were voluntarily donated after cardiac death or by
living donors, and all donations were approved by the
West China Hospital Ethics Committee in accordance with
the ethical principles of the 1975 Declaration of Helsinki.
Written informed consent was given by all participants,
+
and those receiving HBcAb liver grafts were fully in
formed of the possible risks before transplantation. Basic
information of liver transplantations, the outcome and
follow-up results were derived from The China Liver Trans
plant Registry.

Statistical analysis

Since some continuous covariates presented significant
differences from the normal distribution, they are shown
as medians and first and third quartiles. Categorical
variables are described as absolute numbers and relative
frequencies. For continuous variables, either the MannWhitney U-test or Student’s-t test were performed, and
the differences between rates were tested using the Chi
square test or Fisher’s exact test, if appropriate. The
Kaplan-Meier method with log-rank test was used for
cumulative survival analysis. Independent prognostic
factors were identified using multivariate analysis based
on the Cox proportional hazards model. The assumption
for proportional hazard was evaluated using scaled
Schoenfeld residuals.
Given the differences in the baseline characteristics
between the two groups (Table 1), propensity score
matching was used to balance out selection bias and
[35]
potential confounding between the two groups . Propen
sity scores were estimated using a non-parsimonious
multivariable logistic regression model, which included all
covariates that might have affected patient assignment
to different groups. A nearest-neighbor 1:1 matching
scheme with a caliper width of 0.1 was used for pro
[36]
pensity score matching . Statistical inference was
performed in the matched cohort with the use of a Cox
proportional-hazards regression model stratified on the
[36]
matched pair to preserve the benefit of matching .

Post-transplant therapy

Antiviral prophylaxis was given to all HBV-positive
recipients, consisting of hepatitis B immunoglobulin
(HBIG) and/or lamivudine or entecavir. A dosage of
2000 IU HBIG was intramuscularly injected during the
anhepatic phase, followed by 800 IU intramuscularly
daily for the first week, and then weekly for 3 wk, and
[28-30]
monthly thereafter
. These patients maintained HBV
prophylaxis indefinitely.
In HBV-negative recipients, considering that there
were no practice guidelines on prophylaxis of de novo
[31]
hepatitis B in China until 2016 , the post-transplant
antiviral prophylaxis varied from different periods. Gene
rally, HBIG was administered to all patients the same way
as in HBV-positive recipients, but the lasting time varied
from 1-6 mo. Eighteen patients additionally received
nucleos(t)ide analogue reverse transcriptase inhibitors
(nRTI) including lamivudine (used in 15 patients), teno
fovir (used in 1 patient) and entecavir (used in 2 pa
tients).
The immunosuppressive therapy followed standard
protocols, consisting of corticosteroids, tacrolimus and
mycophenolate (1.0 g/d to 1.5 g/d) according to our
[32]
previous report . Methylprednisolone was started at a
dose of 200 mg daily and was generally withdrawn within
3 mo. Tacrolimus was started at a dose of 0.05-0.10

WJG|https://www.wjgnet.com

5527

December 28, 2018|Volume 24|Issue 48|

Lei M et al . HBcAb+ grafts in liver transplantation
Table 1 Baseline clinical data between hepatitis B virus core antibody positive and hepatitis B virus core antibody negative liver
graft recipients
Factor
+

HBcAb
(n = 230)
Baseline characteristic
Gender (male)
Age (yr)
BMI
MELD
CTP
Creatinine (µmol/L)
Total bilirubin (µmol/L)
Albumin (g/L)
HBV-positive
HCV-positive
Etiology
Liver cancer
Acute liver failure
Cirrhosis
Biliary
HBV related
HCV related
Alcoholic
Autoimmune
Donor
Gender (male)
Age
BMI
Serum Na+ (mmol/L)
Creatinine (µmol/L)
Total bilirubin (µmol/L)
Albumin (g/L)
ALT (IU/L)
AST (IU/L)
Cold ischemic time (h)
Warm ischemic time (min)

Before propensity matching
HBcAb
(n = 841)

+

P value

HBcAb
(n = 210)

After propensity matching
HBcAb
(n = 210)

P value

77.4% (178)
41.03 ± 15.58
22.1 (19.7-24.2)
13.0 (9.0-21.0)
9.0 (7.0-11.0)
67.0 (53.1-81.9)
43.2 (18.8-198.3)
35.4 (30.9-40.5)
64.78% (149)
1.3% (3)

80.10% (674)
42.04 ± 15.19
22.0 (19.8-24.4)
13.0 (9.0-20.0)
8.0 (7.0-10.0)
71.9 (59.3-85.3)
37.8 (18.9-139.9)
34.6 (30.1-40.1)
77.28% (650)
7.4% (62)

0.36
0.63
0.54
0.62
< 0.01
< 0.01
0.31
0.11
< 0.01
< 0.01

80.5% (169)
40.67 ± 16.57
22.4 (19.7-24.4)
14.5 (10.0-20.8)
9.0 (7.0-11.0)
68.4 (55.9-82.6)
51.2 (22.8-201.9)
33.8 (30.1-40.1)
62.9% (132)
0.95% (2)

79.5% (167)
40.55 ± 15.47
22.2 (19.7-24.2)
13.0 (9.0-20.0)
9.0 (7.0-11.0)
67.5 (53.6-82.4)
40.2 (18.6-195.0)
35.4 (31.1-41.3)
69.0% (145)
3.33% (7)

0.90
0.94
0.8
0.25
0.14
0.36
0.20
0.06
0.18
0.18

48.26% (111)
11.30% (26)

46.13% (388)
4.99% (42)

0.57
< 0.01

43.3% (91)
8.57% (18)

49.5% (104)
11.4% (24)

0.20
0.32

9.13% (21)
49.13% (113)
0.86% (2)
2.17% (5)
1.74% (4)

7.84% (66)
55.41% (466)
1.90% (16)
3.21% (27)
1.07% (9)

0.53
0.09
0.28
0.41
0.41

8.57% (18)
56.19% (118)
0.95% (2)
1.90% (4)
0.95% (2)

9.05% (19)
54.76% (15)
2.38% (5)
0.95% (2)
0.95% (2)

0.86
0.76
0.45
0.69
1.00

74.35% (171)
41.28 ± 13.01
22.7 (20.8-24.6)
143.0 (140.1-153.6)
73.1 (54.5-98.5)
13.8 (9.4-18.9)
40.3 (32.6-45.3)
23.0 (16.0-45.0)
27.0 (20.8-42.0)
5.0 (3.2-7.8)
6.0 (3.0-9.0)

79.30% (666)
33.66 ± 10.16
22.2 (20.8-23.9)
139.9 (136.2-142.7)
74.6 (62.8-84.6)
15.1 (10.2-23.3)
41.9 (36.2-46.6)
28.0 (16.0-47.0)
26.0 (18.0-39.0)
6.0 (5.0-10.0)
4.5 (2.0-6.5)

0.12
< 0.01
0.06
< 0.01
< 0.01
0.05
0.06
0.32
0.15
0.05
0.05

61.4% (129)
39.08 ± 10.59
22.8 (21.4-24.8)
141.6 (138.5-143.9)
75.3 (63.0-88.5)
14.9 (10.1-21.7)
42.1 (36.2-46.7)
27.0 (17.8-46.2)
27.0 (19.0-39.8)
5.5 (4.0-8.0)
6.0 (3.0-10.0)

61.9% (130)
40.82 ± 12.36
22.6 (20.8-24.5)
141.9 (140.0-153.5)
74.4 (54.0-95.6)
13.8 (9.4-18.7)
41.8 (34.9-46.0)
26.0 (16.0-43.0)
27.5 (20.0-47.0)
5.5 (3.0-7.0)
5.0 (3.0-7.0)

0.92
0.12
0.37
0.23
0.39
0.25
0.12
0.10
0.12
0.11
0.08

Data are shown as the mean ± SD or medians with 25th-75th interquartile ranges when presenting significant differences from the normal distribution. For
continuous variables, either the Mann-Whitney U-test or Student’s-t test was performed, and the differences between rates were tested by Chi square test or
Fisher exact test, if appropriate. CTP: Child-Pugh score; ALT: Glutamic-pyruvic transaminase; AST: Glutamic oxaloacetic transaminase; MELD: Model for
end-stage liver disease.

HBsAg

+

HBcAb

-

(n = 650)
HBsAg

+

HBcAb
Patients included
(n = 1071)

-

(n = 149)
HBsAg

-

HBcAb

-

(n = 191)
HBsAg

-

HBcAb

-

(n = 81)

Public Health, Sichuan University.
All reported P-values are two-sided, and P-values less
than 0.05 were considered statistically significant. All
data were analyzed using SPSS22.0 (IBM Corporation,
Armonk, NY, United States) and R statistical software,
version 2.3.15 (R Foundation, Inc.; http://cran.r-project.
org/).

patients
grafts

patients
grafts

patients
grafts

-

HBcAg grafts n = 841

+

HBcAg grafts n = 230

RESULTS
patients

Study population and clinical characteristics

grafts

From 2005 to 2016, 1071 liver transplantation patients
met our inclusion criteria, of which 230 patients received
+
HBcAb liver grafts and 841 patients received HBcAb
liver grafts. The median following time was 48.72 ± 33.37
mo (range from 0.1 to 128.1 mo). In these patients, 799
+
+
were HBsAg (149 receiving HBcAb liver grafts and 650
receiving HBcAb liver grafts), and 272 were HBsAg (81
+
receiving HBcAb liver grafts and 191 receiving HBcAb
liver grafts) at the time of transplantation. A flow diagram
of patient disposition is shown in Figure 1.
The clinical data of the recipients and donors between

Figure 1 Flow diagram showing the allocation of hepatitis B virus core
antibody positive liver grafts and hepatitis B virus surface antigen status
in the whole cohort.

Analyses were further performed on the basis of HBsAg
+
status of the recipients (HBsAg and HBsAg recipients).
+
Propensity score matching was also conducted in HBsAg
and HBsAg cohorts. The statistical methods of this study
were reviewed by Jia-Wei Luo from West China School of
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Figure 2 Patient survival and graft survival analysis of anti-hepatitis B core positive liver graft recipients and anti-hepatitis B core negative liver graft
recipients. A: Patient survival in original cohort (n = 1071); B: Graft survival in original cohort (n = 1071); C: Patient survival in propensity score-matched cohort (n =
420); D: Graft survival in propensity score-matched cohort (n = 420).
2

71.7% vs 87.4%,79.4% and 73.8%, log-rank test, χ
= 1.53, P = 0.21, Figure 2C). The corresponding 1-, 3+
and 5-year graft survival rates in the HBcAb group were
83.1%,74.3% and 70.7% compared with 85.6%, 77.8%
2
and 72.3% in the controls (log-rank test, χ = 1.10, P =
0.29, Figure 2D).
+
+
In HBsAg patients, HBcAb liver grafts did not have
deleterious effects on survival when compared with
2
HBcAb grafts (log-rank test, χ = 1.59, P = 0.20, Sup
plement Figure 1A), similar to the HBsAg recipients (log2
rank test, χ = 0.81, P = 0.37, Supplement Figure 1B).
To identify the independent prognostic factors, Cox
regression analysis was conducted in the whole cohort,
and multivariate regression analysis showed that a
higher BMI in the recipients was a strong indicator for
worse patient (P = 0.001) and graft survival (P = 0.001)
(Table 2). Blood transfusion amount and mechanical
ventilation time were also shown as risk factors both for
patient (P = 0.018 and 0.002, respectively) and graft
survival (P = 0.021 and P = 0.004, respectively) (Table 2).
However, parallel to the results of the survival curves, the
+
multivariate regression analysis did not support HBcAb
liver grafts as an independent risk factor for death or
graft loss after liver transplantation ( P = 0.675 and P =
0.982, Table 2).

the two groups are summarized in Table 1. There were
differences between the two groups in several baseline
+
variables. For example, recipients of HBcAb grafts had
+
a lower HBsAg rate (64.78% vs 77.28%, P < 0.01) and
a lower HCV-positive rate (1.3% vs 7.4%, P < 0.01).
HBcAg+ donors were relatively older than HBcAg- donors
(41.28 ± 13.01 vs 33.66 ± 10.16, P < 0.01). With the
utilization of propensity score matching, 210 pairs of
patients were generated, and the characteristics of the
two groups were balanced (Table 1).

Postoperative mortality

In the original cohort, which included 1071 patients, the
+
1-, 3- and 5-year survival rates between the HBcAb
and HBcAb liver graft recipients were similar (85.8%,
77.4% and 72.4% vs 87.2%, 81.1% and 76.7%, log2
rank test, χ = 1.97, P = 0.16, Figure 2A). Meanwhile,
graft survival rates between the two groups were also
comparable (83.2%, 73.8% and 70.8% vs 83.6%,
2
75.9% and 74.4%, log-rank test, χ = 1.65, P = 0.19,
Figure 2B). Propensity score matching was used for the
differences in several baseline variables between the two
groups as noted above, and the 1-, 3- and 5-year patient
+
survival rates in the new HBcAb and HBcAb groups
presented no significant differences (84.1%, 75.2% and

WJG|https://www.wjgnet.com

5529

December 28, 2018|Volume 24|Issue 48|

Lei M et al . HBcAb+ grafts in liver transplantation
Table 2 Multivariable Cox analysis for patient and graft survival in the original cohort (n = 1071)
Patient survival
Equation variable
Recipient
BMI
MELD
CTP
HBsAb (negative vs positive)
Operation
Anhepatic phase (min)
RBC transfusion (U)
After operation
Mechanical ventilation (h)
Postoperative HBV infection (negative vs positive)
Donor
Age
AST (IU/L)
Na (mmol/L)
Anti HBc-positive (negative vs positive)

Graft survival

P value

HR

P value

HR

0.001
0.942
0.429
0.208

1.006
1.002
1.049
1.058

1.002
0.948
0.835
0.768

1.010
1.059
1.263
1.347

0.001
0.912
0.398
0.258

1.007
1.003
1.046
1.027

1.002
0.949
0.834
0.739

1.011
1.059
1.258
1.374

0.271
0.018

1.003
1.055

0.997
1.009

1.01
1.104

0.169
0.021

1.004
1.052

0.998
1.006

1.011
1.103

0.002
0.502

1.003
0.597

1.001
0.132

1.006
2.695

0.004
0.490

1.004
0.527

1.001
0.118

1.006
2.340

0.215
0.65
0.243
0.675

1.015
1.002
1.016
1.175

0.991
0.993
0.988
0.551

1.042
1.011
1.045
2.505

0.155
0.563
0.408
0.982

1.018
1.002
1.011
1.008

0.992
0.994
0.983
0.480

1.045
1.011
1.041
2.118

95%CI

95%CI

HR: Hazard ratio; CTP score: Child-Pugh score; WIT: Warm ischemic time Na: Donor’s serum Na+ concentration.

Table 3 Multivariable Cox analysis and propensity score-matched analysis of patient survival
Group

No. of patients

Entire cohort, multivariable-adjusted (n = 1071)
HbcAb-positive grafts
230
HbcAb-negative grafts
841
Entire cohort, propensity score-matched (n = 210 pairs)
HbcAb-positive grafts
210
HbcAb-negative grafts
210
HBsAg-positive cohort, multivariable-adjusted (n = 799)
HbcAb-positive grafts
149
HbcAb-negative grafts
650
HBsAg-positive cohort, propensity score-matched (n = 132 pairs)
HbcAb-positive grafts
132
HbcAb-negative grafts
132
HBsAg-negative cohort, multivariable-adjusted (n = 272)
HbcAb-positive grafts
81
HbcAb-negative grafts
191
HBsAg-negative cohort, propensity score-matched (n = 77 pairs)
HbcAb-positive grafts
77
HbcAb-negative grafts
77

Propensity score-matched analysis also revealed that
+
receiving HBcAb liver grafts was not associated with a
significantly higher risk of death (Cox regression analysis,
P = 0.45, 95%CI: 0.73-2.03, Table 3).
Consistent with the above results, both multivariate
regression analysis in the original cohort and propensity
score-matched Cox analysis did not support that
receiving HBcAb positive liver grafts was associated with
+
worse outcome for either HBsAg or HBsAg patients
(Table 3).
During the observation period, 21 patients died in the
+
entire cohort within 30 d. In patients receiving HBcAb
liver grafts, 5 patients died because of multi-organ
failure with sepsis and 3 patients died of abdominal
hemorrhage, while in the HBcAb group, patients died
within 30 d because of multi-organ failure with sepsis
(n = 8), liver failure due to portal vein embolism (n =
2) and abdominal hemorrhage (n = 3). The death rates
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HR (95%CI)

P value

1.18 (0.55,2.51)
Reference

0.68

1.21 (0.73,2.03)
Reference

0.45

1.07 (0.98,1.17)
Reference

0.12

1.06 (0.93,1.20)
Reference

0.37

1.42 (0.71,2.81)
Reference

0.32

1.37 (0.60,3.14)
Reference

0.45

within 30 d of the two groups were not significantly
different [Chi square test, 3.47% (8/230) vs 1.54%
(13/841), P = 0.10]. None of the causes of death were
HBV-related.

Postoperative complications

In the post-transplant observation, no differences be
+
tween HBcAb and HBcAb graft recipients were observed
in rates of major complications in either the early stage
(within 30 d post LT) or the later period (beyond 30 d
post LT; Tables 4 and 5)
+
In the entire cohort, 3 patients with HBcAb liver
graft underwent re-transplantations for primary nonfunction (n = 1), biliary complications (n = 1) and portal
vein embolism (n = 1), while 7 recipients in the HBcAb
group underwent re-transplantations for primary nonfunction (n = 1), biliary complications (n = 2), portal
vein embolism (n = 1) and hepatic artery embolism (n =
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Table 4 Early stage major complications after operation between hepatitis B virus core antibody positive liver graft recipients and
hepatitis B virus core antibody negative liver graft recipients (within 30 d post liver transplantation) %
Major complication
+

Anti-HBc
(n = 230)
Primary non-function
Biliary complications
Hepatic artery stenosis/embolism
Portal vein stenosis/embolism
Outflow tract stenosis/embolism
Bacterial infection
Intra-abdominal hemorrhage
Pleural effusion
Celiac effusion
Pneumonedema

Before propensity matching
Anti-HBc
P value
(n = 841)

0.43 (1/230)
0.87 (2/230)
2.61 (6/230)
3.91 (9/230)
0.87 (2/230)
21.30 (49/230)
7.39 (17/230)
10.86 (25/230)
11.74 (27/230)
0.43 (1/230)

0.24 (2/841)
1.30 (11/841)
1.54 (13/841)
2.49 (21/841)
0.36 (3/841)
20.33 (171/841)
5.35 (45/841)
15.21 (128/841)
14.86 (125/841)
0.36 (3/841)

0.52
0.75
0.26
0.25
0.29
0.75
0.24
0.09
0.23
> 0.9

After propensity matching
Anti-HBc
(n = 210)

+

Anti-HBc
(n = 210)

0
0.47 (1/210)
2.38 (5/210)
3.33 (7/210)
0.47 (1/210)
8.10 (17/210)
5.24 (11/210)
5.71 (12/210)
7.62 (16/210)
0.47 (1/210)

0
0.47 (1/210)
1.43 (3/210)
0.95 (2/210)
0.47 (1/210)
7.62 (16/210)
2.38 (5/210)
3.33 (7/210)
8.10 (17/210)
0.47 (1/210)

P value
1.00
1.00
0.72
0.17
1.00
0.85
0.20
0.24
0.85
1.00

Differences between rates were tested by Chi-square test or Fisher exact test, if appropriate.

Table 5 Later period major complications after operation between hepatitis B virus core antibody positive liver graft recipients and
hepatitis B virus core antibody negative liver graft recipients (beyond 30 d post liver transplantation) %
Major complication
+

Anti-HBc
(n = 230)
Acute rejection
Chronic rejection
GVHD
Biliary complications
Hepatic artery stenosis/embolism
Portal vein stenosis/embolism
Outflow tract stenosis/embolism
Tumor recurrence
CMV infection
Opportunistic infection
Diabetes mellitus
Hypertension
Hyperlipemia

Before propensity matching
Anti-HBc
P value
(n = 841)

11.30 (26/230)
0.87 (2/230)
0.43 (1/230)
9.56 (22/230)
0.87 (2/230)
0.87 (2/230)
0.43 (1/230)
5.65 (13/230)
0.87 (2/230)
2.17 (5/230)
7.82 (18/230)
4.78 (11/230)
0.43 (1/230)

11.05 (93/841)
0.95 (8/841)
0.59 (5/841)
9.15 (77/841)
0.71 (6/841)
1.78 (15/841)
0.71 (6/841)
4.52 (38/841)
0.83 (7/841)
1.43 (12/841)
7.97 (67/841)
3.57 (30/841)
0.95 (8/841)

0.91
> 0.9
> 0.9
0.85
0.68
0.55
> 0.9
0.51
> 0.9
0.38
0.94
0.39
0.69

+

Anti-HBc
(n = 210)

After propensity matching
Anti-HBc
(n = 210)

9.52 (20/210)
0.95 (2/210)
0.47 (1/210)
7.14 (15/210)
0.95 (2/210)
0.95 (2/210)
0.47 (1/210)
4.76 (10/210)
0.95 (2/210)
1.43 (3/210)
7.14 (15/210)
3.33 (7/210)
0.47 (1/210)

8.10 (17/210)
0.95 (2/210)
0.47 (1/210)
10.95 (23/210)
2.38 (5/210)
0.95 (2/210)
0.47 (1/210)
6.19 (13/210)
1.90 (4/210)
2.38 (5/210)
4.76 (10/210)
2.38 (5/210)
1.90 (4/210)

P value
0.60
1.00
1.00
0.17
0.45
1.00
1.00
0.52
0.68
0.72
0.3
0.77
0.37

Differences between rates were tested by Chi square test or Fisher exact test, if appropriate. CMV: Cytomegalovirus; GVHD: Graft-vs-host disease.

3). The re-transplantation rates of the two groups were
1.30% (3/230) and 0.83% (7/841), without a significant
difference (Fisher exact test, P = 0.45).
Furthermore, postoperative follow-up showed that
there was no significant difference in liver function re
+
covering after liver transplantation between the HBcAb
and HBcAb groups (Figure 3).

HBV after the operation (0/163, 28 patients died within
1 mo after liver transplantation or without any posttransplant HBV serological data). Thus, the data indicate
a higher prevalence of de novo HBV infection in recipients
+
of HBcAb liver grafts (Fisher exact test, 13.23% vs 0, P
< 0.0001).
Once the diagnosis of de novo hepatitis B was made,
anti-viral therapy was switched to entecavir or tenofovir.
Only one patient died 3 mo after a new diagnosis of
HBV due to severe rejection-caused multi-organ failure
without HBV flare-up. The other patients are still alive at
present. The multivariate regression analysis revealed
that the occurrence of newly diagnosed HBV infection is
not an independent threat to patient and graft survival (P
= 0.502 and 0.490, respectively, Table 2).
Considering the status of HBV surface antibody (antiHBs) and HBV core antibody (anti-HBc), there were three
different HBV serological statuses in recipients (Figure 4).
There was a clear tendency that the HBV-naïve patients
had the highest de novo HBV infection rate (31.82%,
7/22), while the anti-HBs+ recipients had the lowest de

HBV infection after liver transplantation

As was noted in the beginning, it is well acknowledged
+
that HBcAb liver grafts retain the capability to transmit
[7,9,23]
HBV, especially to HBsAg patients
, which is one of
the major concerns in utilization of such grafts.
First, we analyzed de novo HBV infection in the
HBsAg negative cohort and its risk factors. We found
+
that 9 patients receiving HBcAb liver grafts developed
hepatitis B after a mean time of 15.66 ± 5.52 mo, with
an infection rate of 13.23% (9/68, 13 patients died within
1 mo after liver transplantation or without any posttransplant HBV serological data), whereas no patients
receiving HBcAb liver grafts were newly diagnosed with
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Figure 3 Comparison of graft function recovery after liver transplantation [0 d (right after operation) to 2 mo after operation] of patients who received
hepatitis B virus core antibody positive grafts vs those who received hepatitis B virus core antibody negative grafts. Each plot represents the mean
value of the illustrated parameter in either group. A: Total bilirubin level between the two groups; B: International normalized ratio level between the two groups;
C: Alanine transaminase level between the two groups; D: Aspartate aminotransferase level between the two groups. ALT: Alanine transaminase; AST: Aspartate
aminotransferase; TB: Total bilirubin; INR: International normalized ratio.

It is important to note that the only patient who devel
oped HBV positivity in the nRTI combination group had
an HBIG administration of 3 mo but did not use nRTI
regularly until 8 mo after surgery and was diagnosed 4
mo later.
Finally, we also analyzed the recurrence of HBV infec
+
tion in the HBsAg cohort and found that 20 (2.5%) of
+
the 799 HBsAg patients developed recurrence of HBV
+
infection, in which 7 patients received HBcAb liver grafts
and 13 received HBcAb liver grafts. Thus, the recurrence
rates between the two groups were 4.7% (7/149) and
2.0% (13/650); this difference was not statistically signifi
cant (Chi square test, P = 0.06).

novo HBV infection rate (2.56%, 1/39). The comparison
showed a significant difference (Fisher’s exact test, P =
0.002). The results suggested that the presence of antiHBs in recipients might be a protective factor against
HBV infection.
Furthermore, the anti-HBs titer at the time of trans
plantation has a significant impact on the outcome of
the HBV infection. We found that no patients with antiHBs titer more than 100 IU/l before surgery (n = 21)
developed de novo HBV infection, while those whose
anti-HBs titers were less than 100 IU/l before surgery
had a de novo infection rate of 19.15% (9/47) (Fisher
exact test, P = 0.048, Figure 5).
Next, we divided the 68 patients into two groups with
respect to antiviral prophylaxis: an HBIG monotherapy
group (n = 50) and an nRTI combination group (n = 18).
The corresponding de novo HBV infection rates of each
group were 16.00% (8/50) and 5.55% (1/18). There
was a higher risk tendency in the HBIG monotherapy
group compared with the other, but without a significant
difference (Fisher exact test, P = 0.43).
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DISCUSSION
Recent years have witnessed an increasing trend in
the utilization of marginal organs, including HBV core
antigen-positive liver grafts, to address the problem of or
[8,37]
gan shortage
. In early times, transplantation centers
adhered to the principle that the occurrence of anti-HBc
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a strong indicator for worse patient survival (HR: 2.38,
95%CI: 1.18-4.78, P = 0.015), in agreement with an
[40]
earlier report . However, their findings in HCV infection
rates were not the same as in our Chinese cohort (HCV
infection rate: less than 8%), which might partially ex
+
plain the difference in the impacts of HBcAb liver grafts.
+
In our study, the number of HBcAb liver grafts
was greater than the numbers in most previous stu
[7,18-20,22,26-27,41,42]
dies
, which allows a more reliable con
clusion. Our study was the largest single-center cohort
of long-term follow-up in a Chinese population, which
provides an important view in the utilization of such
grafts.
+
Although the baseline data of HBcAb donors and
recipients shared similarity in most aspects with HBcAb
donors, as a real world study, differences existed between
the two groups, consisting of a significantly higher ChildPugh score and a higher prevalence of acute liver failure
+
as transplantation reasons in HBcAb graft recipients.
These differences could be explained as the relatively
+
“imperfect” liver grafts, for example, HBcAb grafts were
more likely to be allocated to patients with more severe
and urgent conditions in short of proper grafts available
+
in recent clinical practice. And it was notable that HBcAb
donors were older than HBcAb donors, which was in
[7,20,23,26]
line with previous studies
and reflected a higher
prevalence of HBV infection and anti-HBc occurrence in
older people, especially in epidemic areas.
Considering these confounding factors in a real world
study, a new cohort of patients was generated in a pro
pensity-score matching method, as we have introduced,
to achieve appropriate analysis validity, which was neg
lected in most of the previous studies. Additionally, given
the different HBsAg status in recipients, a subgroup
analysis was conducted, and survival was compared as in
the entire population.
Using multiple rigorous strategies, we were able
to come to a firm conclusion that overall survival with
+
HBcAb liver grafts was not suboptimal, regardless of the
HBsAg status of the recipients.
Monitoring after surgery in our study also showed
+
that HBcAb grafts did not increase the post-transplant
complications in either the early stage or the later stage.
+
Furthermore, liver function recovered in HBcAb grafts at
the same pace as in HBcAb grafts.
+
Another barrier to HBcAb graft utilization is the risk
of HBV infection in recipients, especially for patients
[26]
naïve to HBV infection . In the era of prophylaxis
with HBIG and nRTI, the dramatically high prevalence
+
[7,10,13-17]
of HBV infection in HBcAb liver recipients
has
declined (in our cohort, de novo infection: 13.23%).
Post-transplantation HBV infection did not affect patient
and graft survival (P = 0.50 and 0.49, respectively, Table
[20,23]
2), the same as in previous articles
. Yet, there was
no consensus on a prophylactic regimen for de novo
[43]
HBV infection until 2015 in the United States
and
[31]
2016 in China . Thus, a diverse array of protocols has
[7,20,21,23-25]
been used worldwide in past time
, from no
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Figure 4 Overall de novo hepatitis B virus infection rate in hepatitis B
virus surface antigen negative recipients who received liver grafts from
anti-hepatitis B virus core positive donors in relation to their hepatitis B
virus serological status before transplant.
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Figure 5 Hepatitis B virus infection rates post-transplant between
recipients with hepatitis B virus surface antibody titer above and below
100 IU/L before transplantation.

in liver grafts was a contraindication to organ use in fear
[9,18,19]
of deleterious effects
. However, as discussed above,
the postoperative safety of receiving such grafts has
become debatable over the following years.
[20]
[23]
Recent studies conducted in Austrian and Italian
+
populations still associated HBcAb livers with inferior
outcomes, but without explained mechanisms. The
[23]
Italian study
suggested that HBcAb positivity repre
sents a surrogate marker of suboptimal graft quality.
Nevertheless, none of the recorded causes of death or
+
graft loss differed between HBcAb or HBcAb donors,
and no graft loss was attributable to recurrence or de
[20,38]
novo HBV infection, in line with other studies
. Nota
[20,23]
bly, the authors in both articles
all acknowledged
the high prevalence of HCV (20% to 50%) in the study
[23]
population and the high rate of HCV recurrence leading
[39]
to cirrhosis in 20-30% of patients when direct antiviral
agents were not widely applied in the past. The Austrian
[20]
study also demonstrated that anti-HCV positivity was
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prophylaxis to the use of nucleos(t)ide antiviral agents,
HBIG or their combination, resulting in varied HBV
[7]
infection rates in different institutes . In our cohort, there
was a higher risk tendency of de novo HBV infection in
the HBIG monotherapy group compared with patients
with prophylaxis consisting of HBIG and nRTI (16.00%
vs 5.55%), highlighting the importance of nucleos(t)ide
antiviral agents in HBV prophylaxis. In addition, recent
studies suggested that HBIG+ nRTI combination therapy
did not provide superior protection over nRTI-only
[7,14,16,24,25,44]
[43,45]
treatment
. The latest guidelines overseas
also recommend nRTI (lamivudine, entecavir or teno
fovir) as prophylactic agents, excluding HBIG.
However, it is worth noting that the higher cost and
lower compliance of HBIG injection prevented its longterm utilization in patients who were HBV-negative
before transplantation, varying from weeks to months
[7,14,25,44]
in our study and in other reports
, which might
increase the HBV infection rates in HBIG monotherapy
prophylaxis, as we found above.
Additionally, recipient characteristics in HBV serology
did have a significant impact on postoperative HBV in
+
fection when accepting HBcAb grafts. In our results,
HBV-naïve patients had the highest de novo HBV infec
tion rate (31.82%), while the anti-HBs+ recipients had
the lowest (2.56%), a tendency that was in accord with a
[7]
previous systematic review . Quantitative investigation
on anti-HBs suggested that patients with an anti-HBs
titer more than 100 IU/l before surgery had a lower
risk of hepatitis B (P = 0.048, Figure 5). And in a recent
study, patients were given HBV vaccinations as active
immunizations with the aim of achieving anti-HBs >
1000 IU/L pre-transplant and > 100 IU/L post-transplant,
[46]
which achieved satisfactory preventive results . They
also suggested that anti-viral prophylaxis could be safely
discontinued in patients who obtain this immunity. Gene
rally, these findings emphasize the prophylactic role of
HBsAb and active immunization might be an economical
alternative prophylaxis in patients who respond appro
priately to vaccination.
Our study has limitations. It is based on retrospective
data and patients at a single institution, which may
be subject to bias and confounding, although we used
multiple strategies (multivariable adjustment and pro
pensity-score matching). In addition, because of the
retrospective nature of our study, we were unable to
obtain complete pre-LT HBV vaccination data. Further
multicenter studies are needed to evaluate the ideal
prophylaxis to prevent post-transplant de novo HBV in
fection.
In conclusion, our retrospective study revealed that
+
HBcAb liver grafts could be used with similar outcomes
to HBcAb grafts regardless of the HBsAg status of the
+
recipients. Although HBcAb liver recipients do have a
higher de novo HBV infection rate in which HBV-naïve
patients suffer more often, nucleos(t)ide antiviral agents
have been regarded as effective antiviral prophylaxis that
should be widely applied in clinical practice. Furthermore,
maintaining sufficient anti-HBs titers in recipients might
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Research background

Given the shortage of suitable liver grafts for liver transplantation, proper use
of hepatitis B core antibody-positive livers might be a possible way to enlarge
the donor pool and to save patients with end-stage liver diseases. However,
the safety of hepatitis B virus core antibody positive (HBcAb+) donors has been
controversial. Initial studies were mainly conducted overseas with relatively
small numbers of HBcAb+ liver recipients, and there are few relevant reports in
the population of mainland China.

Research motivation

We performed this study to evaluate the safety of HBcAb+ liver graft recipients
in a Chinese population and to investigate the feasibility of wide utilization of
such liver grafts.

Research objectives

The objectives of our study were: (1) to evaluate the long-term survival of
HBcAb+ liver graft recipients; and (2) to investigate the post-transplant hepatitis
B virus infection rates of HBcAb+ liver graft recipients and to elucidate possible
risk factors.

Research methods

We conducted a retrospective study, enrolling 1071 patients who consecutively
underwent liver transplantation from 2005 to 2016 at West China Hospital Liver
Transplantation Center. Given the imbalance in several baseline variables,
propensity score matching was used, and the outcomes of all recipients were
reviewed in this study.

Research results

Our results revealed that the 1-, 3- and 5-year survival rates in patients and
grafts between the HBcAb+ and HBcAb- recipients showed no difference (P
= 0.16 and 0.19, respectively), and receiving HBcAb+ liver grafts was not a
significant risk factor for long-term survival. Further studies illustrated that posttransplant major complication rates and liver function recovery after surgery
were also similar. These findings were consistent in both HBsAg+ and HBsAgpatients. Newly diagnosed HBV infection had a relatively higher incidence
in HBsAg- patients with HBcAb+ liver grafts (13.23%), in which HBV-naïve
recipients suffered most (31.82%), whereas it did not affect patient and graft
survival (P = 0.50 and 0.49, respectively). Recipients with high anti-HBs titers
(more than 100 IU/L) before transplantation and antiviral prophylaxis with
nucleos(t)ide antiviral agents post-operation had lower de novo HBV infection
risks.

Research conclusions

HBcAb+ grafts did not increase the post-transplant mortality, nor did they affect
post-transplant major complication rates and liver function recovery. HBV-naïve
recipients suffered post-transplantation de novo HBV infection more often, and
sufficient anti-HBs titers in recipients might be a protective factor. Combined
with proper postoperative antiviral prophylaxis, such as nucleos(t)ide antiviral
agents, utilization of HBcAb+ grafts is rational and feasible.

Research perspectives

Further multicenter studies are needed to investigate more interval time
groups with a large sample size on the outcome of HBcAb+ graft recipients.
The findings of this study should spur more investigators to evaluate the
ideal postoperative antiviral therapy, which may involve active immunization
prophylaxis.
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